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The Hat Creek Valley i s  located on the Interior  plateau o f  Britiih Columbia 
- w i t h i n  which the Fraser and Thompson Rivers  are  the major drainage  systems. By 

considering  the  existing  environnental setting on a regional,  offsitt! and local 
basis,   the environmental  impacts  associated w i t h  the  construction, operation 
and decomnissioning of a thermal power generating p l a n t  i n  Hat Creek Valley 
have been assessed.  Specific  reference has been addressed t o  impact assessment 
within the local  geographical  context:  tiat Creek Valley. 

The conclusions  of  the  study  regarding  the  local  environmental setting a t   t h e  
present  time and  i n  the   future  w i t h  no project development are  unital-y. Hat 
Creek was found t o  be a system of stable  aquatic  comunities.  Rainbow t rou t  
were the dominant fish species found.  Mountain whitefish were present i n  the 
creek's lower  reaches,  as were b r idge l ip  sucker, longnose dace,  leopard dace 
and redside  shiner. The rainbow t rout  i n  Hat Creek  numbered approximately 
20,000 w i t h  one-third t o  one-half  occurring i n  the lower reaches.. 

Approximately 25% of  the rainbow t rou t  were longer  than 150 nun.. Densmities i n  
th i s   s ize   c lass  were higher in  the upper reaches of Hat Creek and rainbow trout 
longer  than 250 m or older  than six years were uncomon throughout the system. 
The t rout  probably spawn throughout Hat Creek between mid-June and 1z:te July 
w i t h  f r y  emerging i n  l a te   Ju ly  through September. I t   i s  possible t h z , t  the 
lower reaches  are  uti l ized  as spawning ground by rainbow trout  migratring 
upstream from the Bonaparte River. Further upstream movements are pr,obably 
limited by natural   barriers.  The rainbow t r o u t  i n  Hat Creek fed  primarily on 
aquat ic  insects and i n  general u t i l i  zed these foods i n  the sane  propc,rtion  as 
they  occurred i n  the  natural  environment. 

V i t h  the development of the Hat Creek Project,   the  f isheries and benthic 
resources o f  the  valley  will  be al tered.  An aquatic  system  partially  inte- 
grated  will become two d i s t i n c t  systems: Upper  IHat Creek and Lower Hat Creek. 

1 - 1  
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:Jithin Upper  Hat Creek the system  should  remain re la t ive ly  unchanged. Habitat 
and flows will be generally  as  they have been i n  the  past  except for the addition 
of reservoir  habitat .  Rainbow trout will  continue t o  be the dominant f ish.  
Changes will be  more apparent i n  Lower Hat Creek. Generally rainbow trout  
should  continue t o  dominate fish population  therein and species d i s t r ibu t ion  
and population  will remain approximately  the same. Overall  habitat  with  regards 
t o  water  quality may be degraded insofar as suspended materials  will be discharged 
from the  project  areas b u t  the  levels of these  materials  should be such tha t  
s ign i f icant   a l te ra t ions  i n  the system will  not  occur. The quantity and pattern 
of flows i n  the lower Hat  Creek System will be al tered by the development. 
Presently,  the  exact  nature of this   a l terat ion  is   not   def ined and hen:e  any 
associated impacts are  designated  as  ambivalent.  Nevertheless,  the  probability 
o f  maintaining or possibly  enhancing  the  flow  characteristics  with  respect  to 
fish  requirements  are  recognized. 

The major d i rec t  impact of the Hat  Creek Project on the  aquatic  resources of  Ha t  
Creek Valley i s  the  alienation of  seven km of  stream  habitat  resulting i n  the 
total   loss  o f  the fish populations  therein. H i t h i n  this alienated  resch approx- 
imately 3,000 t o  5,000 rainbow trout reside.  Estimates o f  fish larger  than 150 
mm vary from 400 t o  1,200 individuals. The loss  represents  a 'reducti ,m of  ap- 
proximately 17% o f  the aquatic  habitat  o f  Hat Creek  and 15-16% of  the systems 
rainbow trout .  The loss  o f  this resource  cannot be mitigated. Thus, procedures 
of  compensation  should be considered. 

In  the  regional  context,  specific major  impacts are  not  identified i n  th i s  
report.  Rather,  potential  interactions between the  project 's   actions and the 
region's  resources have been characterized  as  ambivalent  for  the purposes of 
this  report.  Further  environmental  assessment i n  the  regional  context i s  
provided  within  the a i r  resource component of the  detailed environmental studies. 
Notwithstanding the  designation o f  regional  impacts  as  ambivalent,  the  region 
has been characterized as an area  containing major pacific sa:mon and rainbow 
trout resources. 

1 - 2  
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II 
2.0 IMTRODUCTIOII 

a 
The Hat Creek Project involves  the development o f  a 2,000 E,fil thermal power 
generating  plant i n  the Hat Creek Valley,  British Columbia. Plant  energy will 
be provided  by'an open p i t  coal mine located i n  the  valley.  Basic  offsite 
services   to  the plant and  mine  complex will entail an access  road, a pipeline 
from the Thompson River and a canal t o  divert Hat Creek from the mine area. 

c 

- 
The rationale  for  the  preparation of this Fisheries and Benthos S tudy  i s  t o  
determine  the  baseline  aquatic  resources  of  the  region such that  the impact of 

II t h e  proposed project can be assessed. The ultimate  objective of 'the  study is  
t o  provide a description of  the present environmental se t t ing  and future   set t ing 
w i t h  and w i t h o u t  project developnent. 

m 
~ 

In July 1976, a detailed  baseline  study  specific t o  the Hat Creek Valley and 
the   f i sher ies  and benthic resources  therein was undertaken by  Beak Consultants 
Limited. F ie ld   ac t iv i t ies  were completed i n  August ,  1977. During i n i t i a l  

m 

I stages  of  the  local  study,  certain  information gaps became apparent  regarding 
regional  aquatic  resources. A need t o  assess  impacts  associated w i t h  the 
provision  of  offsite  services t o  the  project  was a l so  recognized. In June 
1977, a review of available  information on the regional  water and fish  resources 
comenced.  Special  emphasis was placed on documenting salmon resources o f  
the  area and i n  recognition o f  this emphasis the  defined  regional  study  area 
was broadened t o  encompass the Adams  Lake System. In August 1977, a f ie ld  
reconnaissance  of  the  offsite development components was carried  out.  Detailed 
terns  o f  reference for the Fisheries and Eenthos Study are  presented  in 
Appendix A. 

The s t ruc ture  o f  the report r e f l ec t s  the natural sequence w i t h  which an  environ- 
mental  impact assessment is   carr ied  out .  First, the methodology used i n  the 
study components is introduced i n  the  geographical  context of regional ,   offs i te ,  
and local  areas. Following t h i s ,  a description of the  existing environment  as 

2 -  1 
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comprehended through the study design i s  provided. Given t h a t  existing 

associated w i t h  the Hat  Creek Project on the   f isher ies  and  benthic  resources 
is provided i n  the context o f  the  construction,  operation and decommissioning 
phases of the development. 

" environmental  characteristics  are  thus  defined, an assessment of the  impacts 

a 

a 
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3.0 STUDY METHODOLOGY 

The rat ionale  and methodological  approach t o  the study  are  discussed herein. 
Fundamentally, the study  area encompasses three interrelated  geographic 
areas:  Regional,  Offsite and Local (Figure 3-1). Study methodology imple- 
mented i n  each area  differs  i n  recognition of the purpose t o  which the infor- 
mation i s  t o  be uti l ized. 

! 

The localized Hat Creek Valley  study, commissioned i n  July 1976, entails 
detai led  analysis   of  the f i sher ies  and benthos  resources therein u t i l i z ing  
the l i t e r a t u r e ,   f i e l d  and laboratory methods  and s ta t is t ical   analyt ic .   tech-  
n i  ques. 

The offs i te   area  port ion of study encompassed a field  reconnaissance. On 
a regional  basis, the study methodology was d i s t i n c t  and of a broader  context 
than t h a t  undertaken  locally.  Published  'information composed the majw  data 
source w i t h  no f i e l d  activities being undertaken. The bas ic   ob jec t iw o f  
the regional component was to  assess  the  areas of  sens i t iv i ty  i n  the regional 
aquatic  resources.  Finally,  as  different  methodological  approaches cdn be 
applied t o  the  process of  impact  evaluation, an  introduction t o  the  techniques 
ut i l ized  for   this   s tudy  are   included.  

3.1 REGIONAL STUDY 

Meteorological  characteristics were a prime determinant i n  def in ing  the reg- 
ional  study  area. The central  British Columbia plateau  near Cache  Creek is 
such tha t  impacts of the development would not be expected beyond a mctximum 
distance o f  approximately 100 km. Regional resources  of t h a t  geograpt,ical 
area  extending  approximately 100 km north and  south,  50 km west and IC10 km 
east   of Hat  Creek Valley have therefore been included  in  studies  leading t o  
the  environmental  impact  assessment of the proposed project. This gecgraphical 

j 

1. 

i 

i 
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area, i n  addi t ion  to   the Adams River  system which i s  located 50 km fur ther   east ,  e the  study  area. 

In compiling the information  for the regional review, efforts were milde t o  con- 
t a c t   a l l   p e r t i n e n t  governmental agencies ,   ins t l tut ions,  and l’ndividuals who 
could provide  information  describing the nature,  extent and value of fish  re- 
sources i n  the  study  area.  Published and unpublished information was reviewed, 
and personal  interviews  conducted t o  provide  as  current  information i lS  possible 
on catch s t a t i s t i c s ,   a spec t s  o f  fish l i fe   his tor ies ,   resource use and future 
poss ib i l i t i e s  of  sport and commercial fish enhancemnt. The D.C. Fish and 
Wildlife Branch, Fisheries and tlarine  Service, and the  International  Pacific 
Salmon Fisheries Commission were major  sources of information  pertaining t o  
spo r t ,  comercial  and subsistance  f isheries.   Steelhead  catch  statist ics taken 

a 

I 

I by the commercial f ishery was provided by the E.C. Marine Resources  flranch. 

1 Control  .Branch. 

. Discharge and water  quality  information was obtained th rough  the E.C. Pollution 

Field  studies were n o t  carried o u t  during this component of  the  study. In 
addition, a comprehensive assessment of  regional  impacts of the  project   are 
not  included  herein, b u t  rather  are  presented i n  separate  reports  relating 

I 

M to  water in t ake  on the  Thompson River and regional a i r   qua l i ty .  

3.2 OFFSITE SURVEY 

A field  reconnaissance of the proposed p l a n t   s i t e  and s t a t i o n  reservcmir access 
road was conducted 22-23 September 1977 t o  ascertain  potential  aquatic con- 
cerns i n  areas  parallelled  or  crossed by the proposed road. Dur ing  the   f ie ld  
survey,  opportunity was taken  to review the  locations o f  the  plant   s i te  and 
s ta t ion  reservoir  and  make observat ions  re la t ive  to   f isher ies   interest  a t  Harry 
Lake and a small unnamed  pond located west of  the  plant  si te.  Access t o  the 
proposed route was gained by a 4-wheel drive  vehicle  along  existing ranch and 
forestry  roads.  Information  ctaracterizing  habitat  conditions  including  water 
depth,  stream wid th ,  bottom type and  f ish  potential  were noted; however, no 
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biological samp’ting was undertaken. Although a ground survey was n o t  conducted 
along the proposed make-up water  pipeline route, s i t e s  o f  major  stream crossings 
were surveyed. 

3.3 HAT CREEK VALLEY STUDIES 

Of the  three  geographical  areas defined fop the Fisheries and Benthos Study, 
the  local  area  defined  primarily  as  the Hat Creek Valley was studied I n  great- 
est depth. The intensive nature of the  study was a d i rec t   re f lec t ion  of the 
need f o r  comprehensive information and analysis on the actual  location o f  the 
development. Indeed,  the  ultimate purpose of  the  study i s   t o  provide a defini- 
t i v e  assessment o f  the  present fisheries and benthic  resources o f  Hat Creek 
and thereby  impart the future   of . the system w i t h  and w i t h o u t  project development. 
Sampling s ta t ions  were selected on the  basis o f  proposed development guidelines 
provided by B.C. Hydro. I t  was anticipated  that   these stations would serve  as 
b o t h  background data  sources  as well as sights to  evaluate future project   effects .  

(a)  Physical  Habitat 

Physical  habitat  surveys were conducted i n  September 1976, June 1977 and August 
1977 i n  recognition  of  potential  seasonal  variances i n  the system. Habitat 
surveys  occurred i n  paral le l  w i t h  the fish and benthos f i e l d  programs. 

. 
(i ) September 1976 

Habitat  surveys were conducted a t  biological sampling stations (Figure 3-2) 
dur ing  15 - 18 September 1976. Observations were made on substrate  colnposition, 
bank’s tab i l i ty  and vegetation,  stream w i d t h ,  depth,  velocity and  pool-:-iffle 
ra t io .  In-depth  surveys were conducted a t  a l l  Hat  Creek and  Bonaparte  River 
stations  (except 1 and 14A), while  general  observations were made a t  remaining 
s i t e s .  Because of  excessive  water  velocities and depth,  observations on  habitat  
a t   S t a t ion  1 were of a general  rature.  Station 14A (beaver pond) was zldded t o  
the  regular   s ta t ions  for  fish sampling i n  l a t e  September. 
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A 15.2 m (50 ft) reach of stream was exani.ned a t  a l l  Hat  Creek s ta t ions  (except)  
14A) and S ta t ion  4 on the  Bonaparte  River,  Six  cross-stream  transe-ts  located 
3.0 n (10 f t )   a p a r t  were establ ished i n  each 15.2 m (50 f t )  reach, .md s t r ean  - 
width  recorded.  Stream  depth was measured a t  0.6 n (2  f t )   in te rva l ;   a long   each  
t ransect .   l la ter   veloci ty  was measured w i t h  a current  meter a t  a d e ~ t h  o f ' Q 0  . . 
percent'  fram-the-surface  at-0..6-cllntervals  along  the  downstream-mort-transect. 
Su6s t r a t e   s i ze  and percent substrate composition i n  each 15.2 m (50 f t )  reach 
was es t imated   qua l i ta t ive ly  based on the  fol lowing  cr i ter ia   as  modi.fied from 
Lagler (19G6): boulder (230.5 cm), pebble (7.6 - 30.5 cm), gravel (0 .3  - 7.6 
cn), sand-silt (<0.3 cn), and o ther   (p lan ts ,  sunken logs ,   debr i s ) .  Gank s t a -  
b i l i t y  was noted as stable   or   unstable  and riparian  .vegetation was noted.  Pool- 
r i f f l e   r a t i o   ( p e r c e n t )  was est imated  qual i ta t ively i n  each 15.2 m reach. 

Because of  increased  current and water  depth a t   S t a t i o n s  2 and 3 i n  the  Eona- 
parte  River,  only one cross-stream  transect was established. Depth and  veloc- 
i t y  neasurcments were taken a t  0.6 m (2 f t )   i n t e r v a l s  ' a t  Stat ion 3 and,  because 
o f  stream w i d t h ,  a t  1.5 m (5 f t )  i n t e r v a l s   a t   S t a t i o n  2. Physical  c:haracter- 
i s t i c s   o u t l i n e d  above  were  noted  along  each t r ansec t  and i n  areas  e>.tending 
approximately 7.6 n (25 f t )  upstream  and  downstrean  of the  t ransect .   Stat ion 
1 i n  the  Bonaparte  River  exhibited  deeper and considerably  faster  water  than 
upstream  stations.   Physical   characterist ics a t  this s t a t ion  were determined 
from  shore. 

. 

Physical  habitat  was described i n  Hat  Creek t r i b u t a r i e s   a t   S t a t i o n s  8 (Unnamed 
Creek), 11 (Kedicine  Creek), 12  (Anbusten  Creek) and 13 (Anderson  Creek). 
Observations were  of a more qual i ta t ive  nature  a t  these  than a t  other  creek 
and r i v e r   s t a t i o n s .  Approximate substrate  size  ranges,   stream w i d t h ,  depth  and 
p o o l - r i f f l e   r a t i o  were  recorded a t  each  along w i t h  infomation on bank s t a b i l -  
i t y  and vegetat ion.   Veloci t ies   a t  t y i b u t a r y  s ta t ions  and a t  S t a t i o n ;  1 (zona- 
parte  River) and 14A (Hat  Creek) were expressed as sluggish, rapid o r  torren- 
t i a l  based on estimated  surface  currents.  . Lagler (1966) presented t l e  follow- 
i n g  c r i t e r i a  for classifying  stream  according t o  velocity:  
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sluggish - those w i t h .  velocity less t h a n  0.15 m/s (0.5 f t / s ) ;  
rapid - those w i t h  velocity,  greater  than 0.15 mJs (1.6 f t / s )  

to r ren t ia l  - thoseawith  velocity  greater  than 0.5 m/s, ,I steep 
and a regular successl’on  of  pools and r i f f l e s ;  and 

. gradient, and few or  no pools. 

General observations on depth,  substrate and  aquatic  vegetation were also made 
a t  lake  s ta t ions 16 and  17  (Goose/Fish Hook and Finney Lakes).  \late.*  tempera- 
tures were recorded d u r i n g  each sampling  period.  In  September,  they were 
recorded  during the habitat  survey and/or dur ing  the  fisheries  survey on 28 -. 

30 September 1976. 

To fac i l i t a te   p resenta t ion  of  September h a b i t a t  data,  stream width is given 
as a mean i f  measurements were m d e   a t  more than one transect. Depth and  
current  velocity  represent  ranges measured a t  a s ta t ion.  Comments or1 sub- 
s t r a t e  composition, bank s t a b i l i t y  and vegetation, and pool-riffle  ratio  re- 
f l e c t  general  characteristics for the  entl’re 15.2 m (50. ft) reach o f  stream 
rather  than a par t icular   t ransect .  

In addition  to  detailed  observations made a t  indiyidual  stations,  mre  general 
i n f o m t i o n  was obtained  through he1 i copter  surveys. Physl’cal habi t e . t  a1 ong 
Hat Creek and between Stations 1 and 4 on the  Bonaparte  River was described 
d u r i n g  a he l icopter   f l igh t  on 23 September 1976. Observations were made on 
pool-riffle  ratio,   stream  substrate,  bank s t a b i l i t y  and vegetation,  tarriers 
(such as beaver  dans) and fish occurrence. Ouring the   f l igh t ,  general dir- 
t inc t ion  was made between pebble  (approximately 7.6 - 15.2 cm) and cobble 
(approximately 15.2 - 30.5 cm) t o  better  characterize  stream  substrate  for 
evaluating  potential spawning habitat. 

( i i )  June, 1977 

Observations on habitat  were made a t  biological sampling s ta t ions dur ing  14 
- 16 June 1977. Because physical  conditions were similar  to  those  during 
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September,  1976,  June  ohservations were o f  a more qualitati.ve na.tuye. Informa- 
t ion  on substrate conposttion, b a n k  s tahi ' l t ty  and vegetation, and pool-riffle 
r a t i o  was determined vtsually  as i n  September. Water tenperaturcs were recorded. 
Any changes i n  stream depth or w i d t h  from September data were noted. Sanpling 
was n o t  conducted a t  Stations 16  and 1 7  (Goose/Fish Hook and Finney Lakes) since 
no f i s h  were collected there d u r i n g  the September 1976 survey, or a t  S t a t i o n  12 
(Ambusten Creek) as   a l l   water  had been diverted for i r r iga t ion .  

Cross-stream  transects were not  established dur ing  the June 19.77 survey since 
water levels, and consequently  stream width and depth,  were similar t o  those 
during September 1976. Hater  velocity a t  Hat  Creek and Bonapartc  'River s ta -  
t ions was determined a t  the surface by the f l o a t  nethod  (Rounsefell and Ever- 
har t ,  1966) and rates  expressed  as m/s. Velocity was calculated from the  follow- 
i n g  formula: 

V = L/T 

where L = distance (m) f l o a t  i s  carried; and 
T = time Csec) f o r   f l o a t  t o  cover distance L .  

Veloc i t ies   a t  flat Creek t r ibu tary   s ta t ions  were expressed  as  torrential ,   rapid 
or s luggish  af ter   Lagler ' s   c lass i f icat ion.  

I 

A second helicopter f l i g h t  was made on 13 June 1977. The  path of f l i c l h t  was 
1 identical  t o  t h a t  followed d u r i n g  September 1976. The pri,mary objective was 

- t rou t  spawning sites. General notes on physical  habitat were also  recorded. 
t o  gather  information on fish occurrence  and, if possible,  location of' rainbow 

- ( i i i )  August, 1977 

General observa.tions on habi ta t  were made a t  biological  sampling  stations d u r i n g  
3-5 August 1977. Information  recorded and techniques used  were identical  t o  
those o f  the June survey. Sampling was not conducted a t  Stations 16 and  1 7  

m 

rn 
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(Goose/Fish llook  and Finney Lakes) since no fish were observed there during 

the  September 1976 survey, or a t  Station 1 2  (Ambusten Creek) since water was 
still  being diverted for i r r iga t ion  purposes. 

(b) Benthic Invertebrates 

Benthic invertebrates form  an integral portion  of  the  food of  indigenous f i sh  
species. On this premise, invertebrates were studied t o  provl‘de a wasure of 
food ava i l ab i l i t y   a s  well  as an index of system dynamics. Hethodological 
approaches  of the benthic  invertebrate components of’the  study are presented 
w i t h i n  a sequential framework of field  phase,  laboratory phase and analytical  
approach. 

( i )  Field Phase 

On 15 - 18 September 1976, seventeen  stations were examined with 16 s ta t ions  
actual ly  sampled on the Bonaparte and Hat Creek systems  (Figure  3-2)..  Station 
9 was not sampled as Finney Creek was dry a t   t h e  time o f  t he   f i e ld  survey. 
During the 14 - 16 June. 1977 and 3 - 5 August  1977 sampling  periods,  Stations 
9 and 12 were a l so  dry and hence  not sampled. Stations 16 and 17  (Goose/Fish 
Hook and Finney Lakes, respectively) were not sampled fo r  benthos  because  they 
d i d  not  contain fish resources. 

S i x  rep l ica te  samples were taken a t  each s ta t ion .  BEAK employs s ix   rep l ica tes  
i n  the majority of the  biological  monitoring  studies and has found this number 
t o  provide an infornative  data  base. A t  lake  Stations 16  and 1 7 , i n  1.976 a 
Ponar dredge was employed t o  co l lec t  sediments. The Ponar dredge i s  most 
effect ive i n  s o f t  fine substrates which were charac te r i s t ic  of S ta t ions  16 
and 17. The Ponar  dredge effect ively  ra ises  for col lect ion of 523  cn area 
of lake  substrate,  approxinately 15 t o  25 cm in  depth. All remainin!] s ta t ions  
i n  1’376 and 1977 were sampled w i t h  a Surber  sampler.  This  unit samples  a 929 
an area o f  s t rean bottom t o  a maximum water  depth of 30.5 cm.  The ?.rea en- 
conpassed by this device i s  manually disturbed dislodging  invertebraies which 
are subsequently  collected  in a downstream net. 

2 

2 
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Subsequent t o  gently washed through a 

categorized as Contents  of  the N3. 30 
I U.S. Standard Nci; 30 retained by this sieve  are 

1 sieve were washed into  polyethylene  jars and  preserved w i t h  10% formlin 
containing rose bengal s ta in .  This s t a i n  is absorbed by organic  mat(2rials 
consequently making invertebrates more conspicuous,  thereby  accelerating 
sorting and enumeration  procedures. I 

L 

( i i )  Laboratory Phase - Sample Treatment 

I In the laboratory  all  macro-invertebrates were sorted from debris,  enumerated 
and categorized  as t o  to le rance ' to  environmental pollutants (Biotic ::ndex: 
Beak, 1965). To obtain more detailed  data on invertebrate samples al: each 
station, organisms were ident i f ied  t o  genus, and species where possihle. 

I.) 

- Weber (1973) s ta ted  that   analyses   of  benthic data   for   divers i ty  and € q u i t -  
abi l i ty   should be performed on samples which contain a minimum o f  1OC organ- 

1 isms. The number of rep l ica te  samples  collected a t  each s ta t ion  t h a t  were 
selected f o r  detailed ident i f ica t ion  var-led i n  order t o  compute re l iab le  eco- 
logical   s ta t is t ics .   Repl icates  were se l ec t ed   a t  random in ' o rde r  t o  provide 
a minimum of  100 organisms for   de ta i led   ident i f ica t ion   a t  each s ta t ion.  Follow- 
i n g  the select ion of a replicate  the  recorded number o f  individuals was checked: 
if  the  number d i d  not meet the required number, another  replicate was selected 
a t  random  and combined w i t h  the f irst  selection.  This  procedure was repeated 

I 

s 

9 as  necessary. During the  ident i f icat ion phase o f  organisms t o  genus and/or 

species, the  following taxonomic references were employed:  Altman (1336), 
I Ricker  (1944), Burks (1953), Pennak (1953), Ednondson (1959),  Jewett ;and Stanley 

(1959), Johannsen  (1969),  Saether (1971,  1973)  Usinger (1971), Bryce and Hobart 
(1972) and Llason (1973). 

I 

m ( i i i )  Analytical Approach 

An analysis of cornunity  structure was undertaken on benthic  invertebrate d a t a  
.= by employing a series  of  indices which consolidate  several  data units i n t o  a 
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single  comparative index. The data were subjected  to  f ive  analyses which were 
interpreted w i t h  regard t o  system condition, These analyses  included  the  biotic 
index, dominance, d ivers i ty ,   equi tab i l t ty ,  and richness. 

. .  . .  

(A) Bbtic Indes 

Benthic  organisms exhibit  varying  degrees  of  sensitivity t o  changes in  the 
conditions of an aquatic  environment. Beak. (1965) has categorized benthos 
into  three groups: those  typical  of clean water are  categorized  as  pollution 
sensi t ive organisms - Group 3; those  typically found in  moderately  polluted 
waters  are  labelled  as  moderately  tolerant  or  facultative - Group 2; and those, 
inhabiting  highly  polluted  waters  being  classed  as  pollution  to1eran.t organ- 
isms - Group 1. 

Group 3 organisms contain  aquatic  larval  stages  of  insects which are   sensi t ive 
t o  adverse  changes i n  water  quality and a r e  the f i . r s t  t o  experience  declining 
populations i f  conditions  deteriorate. The prime representatives  of Group 3 
are  the  mayflies  (Ephemeroptera),  stoneflies  (Plecoptera), and caddi::flies 
(Trichoptera). These  organisms require  clean  water  conditions which include 
h i g h  concentrations o f  dissolved oxygen, re la t ive ly  swift currents, low tur- 
bi d i  t y  and re la t ive ly  low concentrations of toxic  chemicals. Group 3 organ- 
isms respire  primarily by external   g i l l   s t ructures .  The respiratory  surfaces 
of these  organs  are  extremely  sensitive t o  the abrasive  action o f  fir,e  sedi- 
ments and the  physiological  effects of  chemical pollutants. 

Group 2 consists of a number of organisms such as leeches  (Htrudinea), midges 
(Diptera),  water  mites  (Hydracarina), clams (Pelecypoda) and others. These 
organisms  can to l e ra t e  a  moderate amount of water  quality  degradation. The 
degree t o  which tolerance t o  pollutants is  expressed  varies  according t o  i n -  
d i  v i  dual 1 eve1 s. 

Group 1 organisms are   tolerant  of  some toxic  conditions and low concentrations 
of oxygen  and will  survive i n  areas where less   tolerant  organisms w o u l d  be 
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eliminated. l i t h i n  this group, for example, are  the  annalids  (Oljgochaeta), 
some leeches, and some chironomids (Diptera). 

The biot ic   or   tolerance  index is not a r igid  c lass i f icat ion scheme. Xndepen- 
dent  research studies have revealed a hierarchy  of invertebrate taxit  based on 
s e n s i t i v i t y   t o  environmental  degradation. . Consequently, use o f  these  categor- 
i e s  has found  wlde application i n  the  study o f  aquatic systems t h a t  nay poten- 
t i a l l y  be impacted by indus t r ia l   ac t iv i t ies .  

(B) DcariMnce I&- 

Natural  biological communities include groups  of  organisms t h a t  are  not  equally 
successful. This i s  a function of the  biot ic  and ab io t ic   res t r ic t icns  o f  an 
environment. A few nay  dominate  a comuni ty  w i t h  the spectrum then extending 
t o  groups o f  intermediate abundance  and f ina l ly  t o  rare  organisms. An index 
used t o  measure re la t ive  abundance i n  biological samples was proposed by Simpson 
(1949) and is: 

2 

i=l 
where c = Dominance index; 

s = number of groups; 
rti = importance  value  (e.g. % or numbers) for  each b io t ic  group; and 
11 = t o t a l  o f  importance  values. 

The function was used t o  compute a  measure  of dominance  from bio t ic  index data 
( i .e .  Groups 3 , 2  and 1). The expression  of C is  related t o  percent c:omposi- 
tion. The advantage o f  employing t h i s  index is t h a t  i t  provides a single 
objective  value  describing  proportionate  relationships of various  categories 
of  invertebrates  being  considered i n  the  analysis. The maximum value of c 
is  1.00 where a community i s  composed of one group o f  organisms. 

" ~ 
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(C) Zversz t y  

An index o f  diversj ty  was also  calculated f o r  each sampling station based on 
the detailed  identificatton  of  invertebrates.  The method used was adopted 
from information  theory i n  comnunicatlon engineering (Shannon  and heaver, 1949) 
by Margalef (1958) and  MacArthur (1955) and applied  to  blological systems. 

A simplified  biological  interpretation o f  i’nformation  theory would be tha t  
ecological  systems such as  streams  act as a source o f  i’nfonnation and  the 
output of information  containing  characters  are  the  biological organisms them- 
selves. A definit ion  of  ecological  diversity is: 

“Diversity is thus  equated with the m m t  of uncertuiaty 
(information) which exists regarding  the  species of at 
individml  selected at rrmdom from a population. The 
more species  there are and the more near@  even the ir  
representation, the greater  the uncertcrinty (infonnatbn) 
and hewe  the  greater  the  diversity” (Pielou, 1966). 

The formula  used t o  compute the  diversity index (d)  is: 

R 

where ’I = Diversity Index; 
B = number of  genera; 
Ni = Number of  individuals of the  t h  genus; and 
JJ = t o t a l  number of  individuals i n  sample. 

(D)  E q u i t u K Z i t y  I& 

An important  characteristic of the  divers i ty  index i s   t h a t  i t  provides an 
Gbjective measure of community complexity by incorporating  within  this  single 
measure several   variables  that   affect   conunity  structure.  The primary compo- 
nents o f  diversi ty   are   equi tabi l i ty ,   or  the evenness w i t h  which tndividuals 

rl 3 - 13 



are   d t s t r ibu ted  among sampled genera, and ri.chness. or the numher of different  
genera  sampled, A measure of equitqbtli ty  used' in  thts  study  (Pielou, 1966a) 
i s :  

. .  

where J = Equi tabi l  i ty Index; - 
d = diversity  value  obtained from sample data; and 
s = number  of different  genera i n  sample. 

In general,  the more complex a  system,  the  greater i t s  s t a b i l i t y  due t o  a l t e r -  
nate  routes of energy  transfer (MacArthur, 1955). However, there arc! ' l imits 
t o  the magnitude of change t h a t  any  system can withstand. Beyond  some  maximum 
tolerance  level,  negative  environmental  forces  will be evidenced i n  t ,he  biotic 
community by a  decrease i n  s t a b i l i t y  and a  decrease i n  overall  cornunity com- 
plexity. 

(E) Richness Ides 

Richness or   var ie ty  i n  i t s   s imples t  form i s  the number of  genera  enco,mtered 
without  considering  the number of  individuals  actually examined. I t  . i s  an 
indicator  of  the  relative  wealth of species  o,r  genera i n  a comunity  [Peet, 
1974): T h i s  function has been u t i l i zed  i n  some studies  as a measure of diver- 
s i t y .  However, i t  i s  not an ent i re ly   correct  approach to  diversity  since 
i t  does not  incorporate  the  variable of  equi tab i l i ty   as  does the Shanrlon- 
Weaver function. 

Any richness measure i s   inherent ly  dependent on sample size;  the  larger  the 
sample size  the  greater  opportunity t o  sample greater number of species. 
This s&le size - species m h e r  relationship  is  asymptotic. A t  some point 
additional  sampling does n o t  result   in an increase  in  the number of species. 
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An index of richness is, therefore,  best  expressed wi th  the  Inclusl'on of 
numerical  abundance t n  the sample (Hurlbert,  1971;  Shafi and Yarranton, 
1973). 

The index employed i n  this study was (Margalef,  1958): 

R =  s - 1  

m e  N 

where R = Richness  Index; 
s = number of  genera i n  sample; and 
AT = t o t a l  number o f  individuals i n  sample. 

(c)  Fisheries 

As w i t h  benthic  invertebrates,  the  methodological  approaches t o  the  f isher ies  
component of  the  study  are  presented  as  field  phase,  laboratory phase and 
analytical  approach. 

( i )  Field Phase 

Fisheries surveys are  conducted a t  Hat Creek and Bonaparte River s ta t ions 
(Figure 3-2) during 28 - 30 September  1976, 14 - 16 June 1977, and 3 I- 5 Aug- 
ust 1977. Surveys or  visual  observations  for  fishes were made a t  lake and  
stream  stations during 15 - 18 September 1975 and a t  stream  stations during 
14 - 16 June 1977 and 3 - 5 August 1977. 

An electroshocker, powered by a 2500 kilowatt  alternating  current  generator, 
was used t o  sample f i s h   a t  Hat Creek  and Bonaparte  River stations.. At.tempts 
were made t o  sample a large enough area a t  each s ta t ion  t o  characterize  species 
composition and abundance.  In Hat Creek,  a 3.22 mm (118 i n )  square mesh net 
measuring 4.27 m (14 f t )  long x 1.22 m ( 4  f t)  deep was used t o  block the up- 
stream end of  the  area t o  be shocked.  Shocking  proceeded i n  an upriver 
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direction to   t he  net. .Length o f  stream (m) and  time (min)  shocked Were re- 
corded. Surface  area  of  stream (m ) shocked a t  a   par t icular   s ta t ion was cal- 
culated from measurements of  stream leng th  and wldth .  Because of  sw-:ft, deep 
water, electroshocking i n  the Bonaparte River could be conducted usu i l ly  no 
more than  about 2 m from shore. River conditions  also prevented seine-sets 
t o  block fish movement. Shocking was a l so  conducted a t   t h e  mouth of Medicine 
Creek,  a t r ibu tary  of Hat Creek. A barrier  approximately 2 m (6.5 f t : )  h i g h  
located  about 10 m (33 f t )  upstream from the mouth o f  this   t r ibutary  l imited 
fu r the r  fish movement. 

2 

Number of  each species (Carl e t  nZ., 1973),  individual  total lengths (mn), and 
wet weights (9) were recorded a t  each s ta t ion .  Sex (when distinguishable) was 
determined visually and the  presence of parasi tes  and general  conditim of each 
specimen was noted. Stomachs and scales were removed from rainbow trwt and 
mountain whitefish (when these  species were present) a t   S t a t i o n s  1, 3 ,  4, 5, 
6 ,  7, 10 and 14 f o r  use i n  food  habit, age and  growth studies. Durin!? each 
survey,  ten fish of each species (when present) i n  the  following leng-:h categor- 
ies: 0 - 100 m, 101 - 200 m, and >200 mm were sampled per s ta t ion.  Stomachs 
were individually wrapped in gauze w i t h  an  identifying number and pre5,erved i n  
10% formalin.  Approximately 20 scales were taken from the l e f t   s i d e  clf the  f ish 
midway between the  dorsal  fin and lateral l ine (Larkin e t  aZ., 1957) a n d  stored 
dry i n  paper  envelopes. Al l  f ish  not  retained for stomach and age analyses were 
measured and released  alive. 

.Electroshocking was conducted i n  the same area of stream as habitat  surveys a n d  
benthic sampling, b u t  extended upstream and  downstream from these  locations  in 
order   to  sample a larger   area.   Pool-r i f f le   ra t ios  were noted i n  the e:Itire 
area shocked. 

Visual observations were made f o r   f i s h   l i f e  a t  t r ibutary stations (8, :.I, 12 
and 13) d u r i n g  each survey and i n  Goose/Fish Hook Lake (Station 16) and  i n  
l i t t o ra l   a r eas  of Finney Lake (Station 17) i n  September. Observations were 
made f o r   f i s h   l i f e   a t  S t a t i o n  12 in  September, 1976, b u t  n o t  i n  June or' August, 

- 
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as  water had been diverted for irrigation, A Fyke net was employed t o  sample 
shore areas of Finney Lake. The net was set overntght  for 18 hours cln 1 6  - 17 
September, 1976. The body of the net was  2.44 m (8 f t )  long and constructed : 
of 6.44 m (1/4 In)  square mesh nylon net. The wings and  lead measured 3.66 
x 1.22 m (12 x 4 f t )  and 12.20 x 1.22 m (40 x 4 f t ) ,  respectively, and were 
constructed o f  12.8 m (1/2 i n )  square mesh nylon net. The net was s e t  perpen- 
dicular to   the  shorel ine,  w i t h  the lead toward shore, i n  water  approximately 
1.0 - 2.0 m (3.3 - 6.6 f t )  deep. 

. .  

.I 

(ii ) Laboratory Phase 

Stomach contents were identified  accordi.ng t o  procedures  described  for  benthic 
studies (Section 3.3  ( b )  i i ) .  Empty stomachs were noted. Number and  volume 
of  each food  item was determined f o r  use i n  numerical and volumetric #nnalyses 
of  food habits  (Rounseiell and  Everhart, 1966; Ricker,  1971). Volume  was deter- 
mined from water  displacement i n  a graduated cylinder and recorded t o  the near- 
est  0.01 ml, Food items w i t h  volumes l e s s  t h a n  0.01 ml were recorded as 0.01 
m l .  After completing analysis ,  stomach contents were stored i n  indiv':dual 
containers  for  future  refermce  should  they be required. 

Scales were examined w i t h  a Bausch  and Lomb Tri-Simplex  Micro-Projectclr a t  a 
magnification  of 45x. Scales were aged  independently by two individucls.  If 
readings  disagreed,  the  scales were read a second time. If readings were s t i l l  
i n  disagreement,  scales were n o t  used i n  age and growth analyses. 

Scale measurements were recorded t o  the nearest mm after magnification on rep- 
resentative,  nonregenerated  scales  for use in  back-calculating growth rates.  
Measurements were made from the  center of the focus t o  the  outer margin o f  the 
scale  along the most anterior  scale  radius.  Individual  annuli were distinguish- 
ed as occurring between a se r ies  of closely spaced circul i  followed by widely 
spaced c i r c u l i ,  and as exhibit ing a corresponding  cutting-over  of  circJli i n  
l a t e ra l   f i e lds  0:' the  scale. 
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( i i i )  Analytical Approach 

I Stomach content  data for rainbow t r o u t  were analyzed w i t h  a ,  Computer Sciences 

I . size   categories  were described by s t a t ion  during each survey: 0 - SOmm, 51 - 
Corporation (CSC) Univac 1107 computer. Food habits of f i s h  i n  the following 

100 mm, 101 - 150 mm, 151 - 200 mm and 9 0 0  m. Numerical analyses  of stomach 
content reflected the  percent  a  particular food item comprised the' total number 
of food  items.  Volumetric  analyses were expressed  similarly,  except  the basis 
was food volume rather  than number. Frequency of  occurrence  analyses  reflected 

m 

r the  percent of stomachs containing  a  particular food item. 

c_ .". 
.m . Fish . . .  densi t ies  jduring each survey were determined from number of spe,:imens cap- 

tured a t  a s t a t ion  and length o f  stream (m), area of  stream ( m  ) and length o f  
lime  (min) electroshocked. They were expressed  as number/m, number/ln  and 
number/min. Population  estimates  for  each survey were based on fish densities 
(number/m) a t  a   par t icular   s ta t ion and length of  stream ( m )  t h a t  staT.:ion appear- 
ed to  represent.  

2 
2 

1 

II 

I Regression  lines for body length-scale  radius and length-weight  re1at:ionships 

al these and other relationships are  presented w i t h  the  discussion of aralysis  re- 
were determined  using  a CSC STAPK program. Specific  equations used t:o describe 

sults  (Section 4.3 ( b ) ) .  

..I 

3.4 IMPACT ASSESSMENT - Given the complexity of the task o f  synthesizing an areas environmental char- 
ac t e r  w i t h  a project's development a c t i v i t i e s  such t h a t  impacts can b: recog- 
nized and assessed,  the need for a ra t iona l ,  methodological  approach to impact 
assessment i s  apparent. To meet this need, matrix  techniques were u t i l i zed  

I i n  the assessment portions o f  the  study. 

I 

Tke matrix  technique  selected (ELUC, 1976) en ta i l s   the  formation o f  two axes: 
p ro jec t   ac t iv i t ies  and environmental character is t ics .  W i t h i n  each element 
( E  i j )  of potential   interaction an assessment o f  impact i s  made on a broad 

I 

il 
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c lass i f ica t ion  scheme o f  negattve impact haJorlminor), heneficia.1 ,impa.ct (major/ 
minor),  ambivalent  tmpact o r  no impa,ct.  Ambivalent  impacts were s ta ted where an 
absolute tmpact was n o t  evident due t o  fnsuff icfent  data and/or  the  possibility 
of precautionary measures outlined i n  the  project  development fa t l ing .  .A sumnary 
pictoral  presentation is prepared from wh-ich a logically  structured  discussion 
may proceed. 

Within the context o f  the  matrix  technique used,  geographical spec i f ic i ty  i s  also 
introduced. For  each  element i n  which a non-null  impact is  assessed,  the  general 
location of  the  specif ic  impact ident i f ied i s  noted. 
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4.0 PROJECT SETTING 

In the  process  of environmental impact  assessment,  the  initial task ':s t o  de- 
scribe  the  present  resources  with which the development may interact . .   Suff i -  
c ien t  and necessary  information i s  provided w i t h  which'impacts may bt: assessed 
and procedures  for  mitigation and  compensation  recomended. This sec t ion  of 
the  report   is   directed  towards th i s  ini t ia l   task  in   the  geographical   context  
of reg iona l ,   o f fs i te  and local environment. 

4.1 REGIONAL  EllVIRONliEllT . .  

The or ien ta t ion  o f  the  reaional  environment  description i s  towards p lys ica l  
habi ta t  and the  f isher ies   resources   therein.  The perspective t o  be gained i s  
general   ra ther   than  specif ic   in   that   the   &cb"extent  of the  study is l a rge .  
Thus, the   de ta i l  o f  information found i n  a description of  a local  regime. i s  
not  present.  Rather,  the  pwpose i s  t o  designate  general zones of  environmsntal 
s e n s i t i v i t y .  

( a , )  Physical   Sett ing 

Si tuated  largely w i t h i n  the  Inter ior   Plateau of'British Columbia the  study 
region encompasses an area of approxinately 37.296 km (14,400 miles ) and 
includes nost o f  t he  Thompson kiver  watershed. INajor t r ibutary  s t reams of 
the  Thonpson River which drain much of the  study  regibn  include  the North 
Thompson, South Thompson, and  rficola Rivers. Other  secondary, b u t  important 
r i ve r  systems  are  the  Donaparte, Salmon  and Adams Rivers. The 8onaFarte 
River flows  directly i n t o  the Thompson River  near  Ashcroft, Eritish Colmbia, 
and serves  as  the  principal  stream  drainage i n  the Cache Creek area  including 
the Hat Creek system. The Salmon and Ada& Rivers  flow in to  Shuswap Lake, 
the  largest   lake  system i n  the study region. 

.. 

2 2 

4 - 1  



.”” 
i l l  

beak 
.1 

Located i n  the eastern most portion of the study  region, Shuswa.p  and Adam 
I Lakes serve as  the major basins recetvlng waters dralning the western slopes 

m flows i n t o  the western arm of Shuswap  Lake.  Kamloops Lake, Bonaparte Lake, 

o f  the Monashee Mountains. Adams Lake, the second la rges t  i n  the region, 

Loon Lake, and  tiicola Lake are other relatl‘vely  large  lake  system i n  the 
’ study  reglon. 

I 

Along the  western border o f  the  study  region the Fraser  River cuts a deep, 
narrow canyon along the base  of  the  Coast Mountains. All waters of the . 

Thompson system enter  the Fraser River a t  i t s  confluence near Lytton,  British 
Columbia. Other important tributaries of the Fraser  River which dra.in portions 
of the s tudy r e g i o n  are the flahatlach, S te in  and Bridge Rivers. 

To the west of the  Fraser River the h igh  mountains  of the Coastal Range form 
the western border  of the study  region.  These  mountains and those of‘ the 
Monashee and  Columbia tlountains east of Adam  Lake govern, t o  a great  degree, 
the  prevailing  climate and  recent  geological  characteristics. Nost influencial 
is  the Coast Range, which l ies  south west of  the Fraser River, and reaches 
summit elevations  in  excess of 1520 m (6,000 f t ) .  This  massive  geological 
barrier  forces  prevail ing warm, wet coas ta l   a i r  t o  r ise  rapidly,   cool,  con- 
dense, and f211 as precipi ta t ion on the western  slopes.  In  the higher eleva- 
tions, annual total   precipi ta t ion i n  excess o f  250 cm per  year i s  comson. 
This  loss  of  moisture  results  in  relatively  dry a i r  being carried eastward 
over  the in t e r io r  o f  British Columbia. 

Since much of  the study region l i e s  i n  the  “leeward influence” or  “ra.in shadow” 
of the Coast Range, most areas  typically  receive low amounts of to ta l  annual 
precipitation.  Valleys below 914 m (3,000 f t )  i n  elevation  are  particularly 
warm and dry while more upland  areas  are  generally  cooler and receive  greater 
amounts of  moisture. In the deep valleys  of  the Thompson, South Thompson and 
Micola Rivers, l s s  than 25 an o f  precipitation  generally  falls  per year. On 
the surface o f  the Interior  Plateau  conditions remain comparatively dry (25- 
50 cm per year)  ; however, upwards to 100 cm may f a l l  i n  higher elevations. 

4 - 2  



beak 

Sumer  temperatures i n  the  study region vary considergbly, as does preclpitatjon, 
because o f  the great range i n  eleva,tions  'encountered  oyer  the  terrain.' Midday 
sumer  temperatures may reach  2l0C t o  32OC In river valleys,  and occ:asionally 
exceed 38OC.' During winter,  temperatures are generally on  the  order  of -6OC 
t o  2OC; however, occasional masses o f  cold  polar air spill i n t o  the  Interfor  
Plateau from arctic  regions i n  northern Canada.  and Alaska causing  temperatures 
t o  fa l l   as  low as -29OC t o  -34OC; cold  spells,however,  generally  last  for only 
a few days. 

Altitudinal  differences (610 m - 2,743 m )  which occur i n  the study region also 
influence  to a great  degree  the  prevailing  forest and range  cover. fiecause of 
t he i r   e f f ec t  upon moisture  availabil i ty,   vegetative  characterist ics vange from 
primal rain  forests i n  the extreme  southwest  corner o f  the  study  region i n  the 
Coast Range t o  dry,  semi-arid  cold  desert  associations found i n  the f!icola, 
Thompson and South Thompson River  Valleys. These  zonal differences  are  best 
described on the  basis o f  the  biogeoclimatic zone i n  which they  are found. 

Eight  major  vegetation  or  biogeoclimatic  zones,  are  represented  within  the  study 
region. The Ponderosa  Pine-Gunchgrass Zone, the  dr ies t  and warmest i:1 British 
Columbia. occupies  the deep valleys of the Thompson, Nicola and portions of the 
Fraser and Ilorth Thompson Rivers between 275 and  915 m i n  elevation.  lfithin 
th i s  zone the major vegetation  types  are drought  tolerant shrubs such as sage- 
brush and various  species  of  bunchgrass. Low moisture  availabil i ty i s  reflect-  
ed i n  sparse  vegetative  cover and  t ree  growth  i s  res t r ic ted  t o  open savanna- 
l ike  stands.  Between 300 m t o  1525 m above sea  level  the Ponderosa Pine-Bunch- 
grass Zone gives way t o  an association o f  Dou'glas fir,  and ponderosa pine, 
described  as  the  Interior  Douglas-fir  Biogeoclimatic Zone. This zone covers 
much o f  the  study  region and is  characterized by a re la t ively warm, dry climate. 
Forested  areas  tend  to be open, w i t h  l i t t l e  understory  vegetation. Bunchgrass 
and other shrubs are found a t  lower elevations and are  comon  cover  types i n  
t he  open rangeland. 

The most predominant vegetative zone which occurs  in  the  study  region i s  the 
Englenan-Spruce-Subalpine Fir Biogeoclimatic Zone. T h i s  zone l i e s  betheen 
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1,225 m i n  e leva t ion   to  treeline a,nd is cha.racterized hy a nixed fo..est  cover. 
Englenan spruce, and subalpine f i r  are the major cover types, however i n  the 
lower elevations  lodgepole  pine i s  comon i n  areas  previously logged o r  burned 
out by fores t   f i res .  

*I 

#I 

In the highest  elevations o f  the Coast Range and Cascade Hountains,  vegetation 
' is reduced by heavy accumulat?ons of snow, ice  and p reva i l i ng  low temperatures. 

The zone, which generally  occurs  about 2,150 m is  described  as  the Alpine Tundra 
Biogeoclimatic Zone. Vegetation is  predominated by herbaceous  plants such as 
heather,  various  species of sedges, and other sma-ll alpine  flowering  plants. 
Tree growth i s  res t r ic ted  by the  severe  climatic  conditions, however, growths 
of  white-bark  pine and sub-alpine f i r  occasionally  take  hold i n  protected, moist 
areas. 

In the  mre  northern and northwestern  areas  of  the  study  region a zorte described 
as   the Cariboo-Aspen-Lodgepole Pine-Douglas-fir  Biogeoclimatic Zone predominates, 
Th i s  zone, although  similar t o  the  Interior  Douglas-fir Zone i s  characterized 
by colder more severe  climatic  conditions.  Forest  cover  varies from dense 
timbered  stands t o  open park-like  grassland. Three other  biogeoclimatic zones 
are  represented i n  the  study  area, b u t  al l   are  restricted  to  small   is31ated 
locations where moisture and soi l  conditions favour  their   respective  forest  
associations. These include  the  Coastal Liestern Hemlock Zone, which 'is repre-, 
sented i n  the  Nahatlatch  River  Valley and along  the  western  slopes  of  the Cascade 
Mountains; the Mountain Hemlock Biogeoclimatic Zone, w h i c h  can be found on the 
upper slopes of the Coast Range;  and the  Inter ior  Western Hemlock  Zone  which 
occurs i n  the extreme northeast  of  the  study.region. 

m 

( i )  Drainage Basins - The major  drainages i n  the  study  area  are  the  Fraser and Thompson Rivers. Sev- 
e ra l   t r ibu tar ies  o f  the Thompson River including  the Bonaparte River (with  tlat ... Creek), Deadman Creek, Tranquille  River, North Thompson,  Campbell Creel:, Niccla 
River and  llurray Creek and  two t r ibu tar ies  of  the  Fraser  River,  Stein  f!iver and 
Bridge  River,  are  designated on Figure 4-1. 

1 
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Drainage basins provide one means o f  sub-dividing the regional study area. In 
addition,  the  area o f  study can be sub-divided  in  terms o f  management units (MU) 
as  defined by the B.C. Fish and i l i ld l i fe  Branch.  Designated management units 
w i t h i n  the  study  area  are shown on Figure 4-2. 

Hundreds of  lakes and streams which support various populations o f  sport and 
commercial f ish  species  are found w i t h i n  the study  region. The greatest  number 
are  found i n  the Bridge Lake, Bonaparte Lake  and  Green  Lake areas. Lakes o r  

,streams which receive  greater  than 2,000 angler days o f  e f fo r t  each ./ear, support 
a  major  salmonid fishery  (Steelhead,  Pacific salmon) or are  lakes  greater  than 
6.4 kn long, have been classif ied  for   the purposes of this  study  as y-imary lakes 
and streams.  This  primary group i s   l i s t e d  i n  Table 4-1, and lakes shown i n  
Figure 4-3. 

( i i )  Nater  quality 

Water quality  information for lakes and streams i n  the  study.  area i s  slmnarized 
in Appendix 0, Table D-12. Considering the pH and alkalinity  (expres,sed  as mg/x 
CaCO ) character is t ics  of the  regions  water  resources, pH levels tencl t o  be i n  
the  7.0 t o  8.0 range and alkalinity  values range upwards t o  over 400 mg/il. 

3 

In  watersheds,  the  degree t o  which incoming acids are  neutralized depends on the 
physical and chemical nature o f  s o i l s ,  bedrock, and  overburden ( W i g h t  and Gjes- 
sing, 1976), and is  described as buffering  capacity. k l i t h i n  local and regional 
areas  variations i n  buffering  capacity  occurs  as changes i n  the mineral composi- 
t ion o f  s o i l ,   s o i l  depth,  subsurface f l u s h i n g  ra tes  and major  geological  char- 
ac t e r i s t i c s   d i f f e r .  The buffering  capacity i n  natural  waters is  larg2ly depen- 
dent upon the   s a l t s  of  carbonic  acid,  particularly  bicarbonates becau.;e of t h e i r  
universal abundance. In areas  where'carbonate  bearing  materials  are  lacking, 
chemical  weathering 'and i o n  exchange  proceed t o  slowly neutralize incoming acid 
(I-lr ight and Gjessing, 1976). hence these  areas become suscepta5le  to  ncidifica- 
t ion by the  addition of acid. 
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TABLE 4-1 

PRIMARY  LAKES & STREAMS IN REGIONAL STUDY AREA' 

Management Uni tZ Lake or Stream t*janagement Uni t2  Lake or St ream 
Primary Primary 

- 
3-12 ( 7 )  Courtney Lake 3-19 (12) 

Hatheume Lake 
Jackson 
Lundbom 
Minnie 
Pennask 
Pinnacle 

3-13 ( 7 )  

3-14 (1)  

3-15 ( 2 )  

3-16 ( 2 )  

3-17 ( 6 )  

3-18 (6)  

Harmon Lake 

Kane (right) Lake 
Kane ( l e f t )  Lake 

Lily Lake 
Murray Lake 
Nicola  River 
Spius Creek 

Fishblue Lake 

Kwoiek Lake 
Stein  River 

Seton Lake 
Seton River 

Crown Lake 
Fraser  River 
Kwotlenemo  Lake 
Pavi 1 ion Lake 
Thompson River 
Turquois Lake 

Barnes Lake 
Bose  Lake 
Chatawav  Lake 

3-20 (9)  

3-26 ( 1 )  

3-27 (8) 

Coldwater Creek  3-28 ( 2 )  

Tunkwa  Lake 
Leighton Lake 

DuFfy Lake 

Ja:ko Lake 
Fa:e  Lake 

tidonne1 Lake 
La!: l e  Jeune 

Ni f:ol a Lake- 
Pa:;ka  Lake 

Stake Lake 
Pa.: Lake 

S u s e x  Lake 
Su:-rey Lake 

Wa'lloper Lake 

Bliick  Lake 
Errlest Lake 
Fr-isken Lake 
G1' mpse  Lake 
John Frank Lake 
Peter Hope Lake 
Plateau Lake 
Roche  Lake 
Trz.pp Lake 

Salmon River  

Bac,ger Lake 
Heffley Lake 

Little  Heffley L. 
Kncuff  Lake 

Loliis Creek 
Paul Lake 
Spconey  Lake 
S. Thompson River 

Thuya  Lakes 
N. Thompson River 
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! TABLE 4-1 Cont 'd .  

mt PRIMARY LAKES & STREAMS IN REGIONAL  STUDY AREA 

1 

1 

m 

Management U n i t  Lake o r  Stream Management Uni t?  
Primary 

3-29 (8) Bare Lake 
Deadman River 
Fatox Lake 
Gordon Lake 
Red  Lake 3-38 ( 2 )  
Tranquille Lake 
Tranquille River 
Kaml oops Lake  3-39 (11) 

3-32 (3) 

3-30 (8) 

I 

3-31 ( 1 )  

. .  

Bonaparte River 
Bonaparte Lak.e 

Hammer Lake 
Bridge Lake 

Hi h ium Lake 
Hoopatatkwa Lake 
Loon  Lake 
Young  Lake 

Big  Bar Lake 
5-1 ( 2 )  

La,te o r  Stream 
Pr imry  

- 
Br.idge  Lake 
McKay Lake 
Ya' akom River 

Barrier River 
Genier Lakes 

Brclokfield Cr. 
Emer Lake 
Epcee  Lake 
Grizzley Lakes 
Lenli eux Creek 
Lost Horse Lake 
Mann Creek 

Moosehead  Lake 
Moose Lake 

Sock  Lake 
Surprise Lake 

Horje Lake 
Grezn Lake 

Primary as  defined by one or more o f  the following: 
( a )  22,000  angler  days; 
(b) a steelhead  sport   f ishery; 
( c )  a spawning salmon population; 
(d)  a lake  >4  miles  long. 
Numbers i n  parentheses  represent the number of  lakes  or  streams  presented 
i n  t h a t  given management u n i t .  Location  of Fish & Wildlife Brarch 
Management Units presented i n  F igu re  4-2. 
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PRIMARY LAKES 
AND STREAMS IN 
REGIONAL STUDY AREA 
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e PRIMARY  LAKE - PRIMARY STREAM 

Primary is defined as 
(a) 52000 angler days sport fbhing . or 

(b) steelhead sport fishery . or 
(c)  rolmon spawniw , ar 
( d l  > IO Km long 
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To evaluate the a b i l i t y  of an  a.rea to  huffer incoming a.cids,  measur;ments of 
a lka l in i ty   a re   par t icu lar ly  useful s ince   a lka l in i ty   i s  an indicator of the 
quantity of bicarbonates and carbonates  available t o  enter  tnto  reaction  with 
an acSd and b r ing  about a neutral   state.  In this  sense, the a lka l in i ty  of a 
water i s  a  measure o f  i ts abi l i ty   to   neutral ize   acid (Sawyer and McCarthy, 1967) 
and therefore can be considered a practical  indicator  of  buffering  capacity. 

In the  regional  study  area measurements of total   alkalinity  for  water bodies 
have been compiled and summarized to  present a generalized view o f  the  buffer- 
ing  capacity o f  the  study  area and identify  those  areas which lack  the  necessary 
water  quality t o  r e s i s t  changes in their pH. (Appendix D, Table D-12). Three 
categories, or levels  o f  sensit ivity  as  suggested by Newconbe (1977) have  been 
adopted to  classify  water  bodies. These are  defined  as having  measured alkalinity 
values which f a l l  i n t o  the  following  categories: 

Category I - l e s s  than or equal t o  50 mg/t 
Category I1 - greater than 50 mg/e b u t  less  than or 

equal t o  100 mgje; and 
Category I11 - greater  than 100 mg/e 

The minimum value  established  in Category I was a rb i t r a r i l y  chosen greater than 
that  considered  cri t ically low (20 mg/e, McKee and Ilolf, 1963) i n  orc'er t o  iden- 
t i fy   lake and streams which may  be vulnerable t o  acidif icat ion by acid  rain. 
\late?  containing a to ta l   a lka l in i ty  of LOO mg/L or more (Category 111) a r e  
generally  considered  as  the best for supporting diverse aquatic l i f e  (McKee 
and Noli, 1963). Lakes f a l l i ng   i n to  Category I1 contain  suff ic ient   a lkal ini ty  
t o  buffer incoming acids  in  all  except  unusually h i g h  concentrations. 

W i t h i n  the  regional  study  area  (Figure 4-4), avai lable   a lkal ini ty  datil indicates 
the r e g i o n  i s  characterized by lakes and streams which are  considered  either 
sensi t ive  to   acidif icat ion (Category I )  or have h i g h  buffering  capacities 
(Category 111). dater  bodies  located w i t h i n  the imnediate  environs 01' the 
proposed Hat Creek Thermal Plant and those  originating  in much of the Thompson 
Plateau  reflect   similar  geological and soil  conditions  (Figure 4-5) ard  contain 
waters' o f  h i g h  a lkal ini ty .  The  Thompson Plateau  near Cache  Creek is character- 
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and metamorphic sedtmentary  rock rich i n  limestone  deposits. 

primarily of limestone  depostts whlch contribute  l3rge 
north of  Hat Creek Vailey and the Trachyte Hi1 1s east  of 

quant i t ies  of bicarbonates  to the watershed.  This chemical nature i s  re- 
flected i n  other  stream  system which drain similar deposits t h r o u g h o u t  the 
Thompson Plateau. 

In the western and southeastern  extremes o f  the study  region,  weather  resis- 
tant   p lutonic  rocks prevail which lack  appreciable  deposits  of  limestone. 
High r a in fa l l  and low dissolved  solids reflect the low alkalfni t tes   , revai l -  
i n g  i n  most systems. The  Seymour River, Eagle River and Adarns River, for 
example, contain  a lkal ini t ies  which are   s ignif icant ly   less   than 50 m.3/e (12.1 
t o  22.5 mg/e; Appendix D, Table D-12). 

On a regional  basis the i s  characterized by waters 
containing a lka l in i t i e s  as one of  .the most impor- 
t an t  sockeye producing  sys Columbi.a, the Adams 
River  system  provides spawning area  for  approximately 44% of  the tot.31 sockeye "7 

u t i l i z ing  the Fraser River system  (1,192,966).  llaters  of the Adam :system as 
well  as  those  of  the major strearnsehe  tiorih and South Thompson Rive,rs a r e  a l l  
considered suscep.:able t o  ac id i f ica t ion  by acid  rain (Newcombe, 1977). 

Other  major  aquatic  systems which contain few dissolved  solids and  have alkalin- 
i t ies  which  c lass i fy  them as  susceptable t o  acidification  include  the S te in  
River, tiahatlatch  River and Seton  River. All drain  weather  resistan.:  plutonic 
rocks o f  the  coast  range, and occur i n  regions o f  high r a in fa l l .  Only t h e  
Seton river  supports  salmonids o f  regional  importance. 

4 - 14 



b)  Biological  Setting 
rl The study  region  supports  a  large  variety  of  freshwater and  anadromous f i sh  

species. Some 29 species of warmwater  and coldwater fishes have been ident i f ied 
1 i n  i t s  lake and stream  habitats, The region is  primarily noted f o r   i t s  anadro- 

I years of their l i f e  cycle i n  the sea) o f  pacif ic  salmon and rainbow t rou t  

mous fish populations  (those which  spawn i n  freshwater b u t  spend one or more 

(s teelhead) .  Four species of Pacific salmon (coho, pink, sockeye and chinook) 
ascend  major  stream  systems of  the study  region t o  spawn. Because of t he i r  
overlapping  migratory  patterns,spawning  adult salmon may be found i n  the s tudy  
region .in a l l  except  a few.months of the 'year .  The major r iver  systems of the 

.I 

I .Thompson, 'North Thompson, Nicola and  Adam Rivers a l l  support populations o f  

I commercial fisheries and provincial  indian  food  fishery. 
anadromous salmonids which contribute s ignif icant  numbers t o  the sport and 

m 
Both res ident  and  anadromous rainbow trout are  present  in  the  region and are  
taken a s  the principal  sport  fish. The Thompson River i s  noted f o r  i t s  
excellent  steelhead  f ishery and  a t t rac ts   anglers  from throughout Camda and 
the United States .  There are  no known rare  or endangered f ish  species  i n  the 
study region (McPhail, pers. corn.) 

. .. 
.I 

( i )  Resident.Fishes 
il 

A to ta l  o f  25 resident  freshwater fish species are  found i n  the study region 
(Table 4-2). Many are  small minnows  and coarse  f ish  that   lack commer,:ial 
value b u t  a c t  as key forage species which convert  energy a t  l'ower aquatic 
t rophic   levels   to  food u t i l i zed  by sport   f ish,  small mammals,  and birds..  Their 

U 

.I dist r ibut ions  are  generally ubiquitious, however, most are  confined to lower 
stream  reaches,  sloughs, and lake  shores, and  along  large  rivers whew waters 
remain re la t ive ly  warm throughout  the  year. Most can to le ra te  or ever1 thrive 
in  moderately  polluted  waters. Minnows  commonly found include  bridgelip  sucker 
(Catostoms coZz~b ianus ) ,  longnose  dace (Rhinichthys cataractue), l e o ~ a r d  dace 
(Rhinichthys faZcatus) ,  lake chub (Couesius pZronbew), peamouth chub 
(E~ZocheiZus caurinus), redside  shiner (Richadsmius Salteatus),  largt:scale sucker 

.L 

3 
.. 

4 
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TABLE 4-2 

RESIDENT FISH FOUND 

I.IITHIII THE REGIOllAL STUDY AREA 

aleution  sculpin 
brassy minnow 
b r i d g e l i p  sucker 
brook t rout  
brown trout 
burbot 
carp 
chiselmouth 
largescale sucker 
Dolly Varden 
go1 d f i  sh 

- 
- 

- 
- kokanee 
lake chub 
lake t r o u t  
1 eopard dace 
- longnose  dace 
nountain whitefish 
northern mountain sucker 
northern  squawfish 
peamouth chub 
prickly  sculpin 
pygmy whitefish 
rainbow t rou t  
- redsi de shiner 
torrent  sculpin 

- 

- 
- 

~ 

Cottus aleuticus 
Eybognathus hankinsoni 
catoatoms collnnbianus 
SaZveZinus f o n t i m l i s  
SaZmo t ru t ta  
Lota lota 
Cyprinus mrpw 
Acrocheilus aZutaceus 
CatQstQmus macr0chziZus 
SalveZinus  maha 
Carassius  auratus 
Oncorhynchus nerka 
Couesius plunbeus 
SaZveZinus namayrms~t 
Rhinichthys faZcatu3 
Rhinichthys  cataraetae 
Prosopiwn wilZiomsoiti 
Catostonus pZatyrhprChus 
@chocheilzcs oregonmsis 
MyZocheiZus d n u ;  
Cottus  asper 
Prosopitan wuz ter i  
Satno gairdveri 
Ricllardsonius ba1tec:tus 
Cottzcs rlwthezrs 

~ ~~ 

From: BEAK f i e ld   s tud ie s ,  1977; B . C .  Itinistry  Recreation a n d  Censer- 
~~ 

vation, Fish and Wildlife Branch, 1977C; Carl.& aZ,,lE167; 
S. FlcDonald personal  comunication. 

4 - 16 



beak 

Eatostomus macrocheitus ) and  chiselmouth ( Acrocheitus alutuceus). Larger 
-coarse  fish  such  as carp ( Qprinus ccrrpio), burbot @uta lotu ) and squawfish 
(Ptgchockeilus oregonensis ) are found  in moderate  numbers in the lxger stream ' 

.and lake  systems. 

.Brook  trout ( SaZveZinus  fontinaZis), Dolly Varden ( .S'alVeZi7Zus mahO), rainbow 
trout (SaZmo gairdneri) Kokanee (Oncorhynchus nerka),  and  lake  trout (Salvelinus 

mmqcusk ) are  resident  salmonids  which  are  found in the  study region. 
.Brook trout,  a  native to north-eastern  North  America,  was  introduced t'o west- 
ern  Canada in the  early 1900's.  Transplants in British  Columbia  have  become 
established in some streams and lakes of the  region. A single brook  trout 
was  taken in the  Bonaparte  River  during  the  Beak  field  studies. 

'Dolly  Varden  are a char  common  to  the region and  are found in close  associa- 
tion  with  spawning  salmon  populations. In many  areas  of  North  America  Dolly 
Varden  are  reputed  to  be  notorius  predators of  young  salmon  particularly 
at the  time of downstream  migrations and of salmon  eggs  during  the  .;pawning 
period  (Scott  and  Crossman, 1973). However, in this  region  little is known 
of  their  predation and feeding habits.  Dolly  Varden  are  occasionally  taken 
by sport  anglers  but  are  not  considered  a  regionally  important spor':  fish.. 

the  eastern  extremes  of  the  study  area  kokanee (land locked  sockeye  salmon)) 

sport  fisheryJTwo  forms  of  rainbow  trout are  present w$in the  study  region, 

and another  which  decends  to  the  Pacific  Ocean  where  it  spends  most of its 

- have  become  established in Adams  Lake and are  taken in large  number:; by the 

- a  resident  form  which  remains  throughout  its  life  cycle  within  freshwater 

. adult  life  before  returning to freshwater  to  spawn. 

General  life  histories of  resident  fish,  common to both  the  local  He.t  Creek 
Valley  and  regional area, w e  provided  in  Appendix B. These  life  histories 
are based  on  literature  and  are  intended  to  familiarize  the  reader  with  infor- 
riation describing  their  distribution,  spawning and food  habits,  and  age  and 
growth  characteristics.  A  summary  presentation is  given  on Table 4-3. 

" 

P 
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( i  i ) Anadromous Fishes 

Major populations of 5 species o f  anadromous f i sh   a re  found within the study 
area.  These include sockeye salmon (Gncorhynchus nerku),  p i n k  st.lmon 
(.Orrorhynchus gorbuscha), coho salmon ( Gncorhynchus kisutch .), chirlook 
salmon (Gmorhynchus tshawytscha) and steelhead  trout (SuZmo gui rdrer i ) .  
Described as  the  greatest  salmon river i n  North  America (International  Pacific 

.Salmon Fisheries Commission 1974a) the  Fraser River and i t s  system ptroduces an 
estimated annual commercial catch o f  7,094,000 salmon (Environment Canada, 

'F i sher ies  and Marine Service,  1974). Because of t he i r  major significance t o  
the  study  region and the need f o r  a thorough  understanding of t he i r  l i f e  
cycles,   brief  reviews o f  the l i f e   h i s t o r y  of each pacific  salnon found in  the 
study  region  are  presented i n  Appendix B and  summarized i n  Table 4-4. Detailed 

.information  describing  distribution, escapement and migratory  characteristics 
are  presented i n  the f o l l o w i n g  sections.  

( i i i )  Salmonid Escapement  and Migratory  Characteristics 

. Estimated  average annual spawning escapements of  salmon dur ing  1957 - 1976 
are  g i v e n  for  al l   streams  in the Fraser River System in Table  4-5. Escapement 

. estimates for  streams  occurrit?g  within  the  regional  study  area and t!Iose 
located  upstream or downstream of the  region have been grouped separcitely  for 

.comparison. As .pink and sockeye salmon are  the major species  in  the Thompson 
system, major spawning 'locations  are shown i n  Figure  4-5a. 

( A )  P i n k  Salmon 

-Although pink salmon spawn d u r i n g  odd years  only,  they  are by far   the  most 
abundant salmon foupd within the study  region. During odd years pink. salmon 
account f o r  nearly 85% of the  total  salmon escapement t o  the  region  (Table 
4-6).  The la rges t  spawning runs  occur i n  Thompson and Bridge Rivers where an 
estimated 264,901 and 9,611 respectively,  migrate t o  spawn (Figure  4-6). 
Secondary spawning streams  include  the Bonaparte (788), Nicol;. River (1,034) and 
South  Thompson (101) .  A l l  escapement figures given are based on averages for 
the period 1957 t o  1976 (International  Pacific Salmon Fisheries Commission, 
Annual Reports, 1957-76). 
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P i n k  Salmon 
(Oncorhynchus 
gorbuscha) 

TABLE 4-4 

SUMMARY OF LIFE  HISTORY  PARAMETERS 

FOR SALMON AND STEELHEAD 

$%e- E /Embr o - freshwater rivers and streams, sub- 

Feb.) 
fall  (Sept.-Oct.)  through  winter  (kc.- 

Larvae/Alevin - freshwater rivers and streims; 
subgravel; spring (Feb.-May) 

Fr /Parr - freSh~J:later-eStUarine, fry  outniyrate 
pr1 -May) to   s ea ;   l i f e   s t age  nissing o r  very  brief 

- Smolt - freshwater rivers and streams  through 
estuarine  waters t o  marine habi ta t ;  April and 
May, immediately after emergence; migrate a t  4.5"C 

Juvenile - inshore water  near mouth  of river for 
-weeks or months, migration t o  deeper 
open sea  waters by September; remain a t  sea u n t i l  
matur i ty   a t  age two 

Reproductive A d u l t  - migrate from open sea t o  
freshwater  r ivers and streams f o r  spawning (Sept.- 
Oct., second y e a r   o f   l i f e )  

Sockeye Salmon  Egg/Embryo - freshwater  streams,  subgravel I ,  fa1  1 
(0. nerka) and winter  (as  early  as Ju ly )  incubation from 

. .  

50 days t o  5 months 

Larvae/Alevin - freshwater  streams,  subgravel ; 
spring (Feb.-Mar.-Ap.ri1) 3-5 weeks duratior 

without lakes', found along shoreline  of  lakes 
Fry/Parr - migrate t o  lakes or  occasionall),  rivers 

in i t ia l ly   before  movement t o  deeper  water  t ,fter a 
few weeks; this stage commonly l a s t s  one year 
u n t i l  spring following  hatching 

Smolt - lake  water t i l l  temperature ranges from 
4-7°C at   surface,  then downstream t h r o u g h  streams 
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Sockeye Salmon 
Cont'd. 

TABLE 4-4 Cont 'd.  

SUMMARY OF LIFE  HISTORY PARAMETERS 

FOR SALMON AND STEELHEAD 

I Chinook  Salmon 
(0 .  tshDJytscha) 

mu 

I 

I 

migration a t  3-4 kmlday; spring o f  second year  of 
l ife,   leaves  Fraser River by early flay 

Juvenile - inshore  areas d u r i n g  l a t e  sprinc - early 
summer, la ter   offshore;   s ta t is t ics   suggest   f ish 

remain a t  sea f o r  norc than two years  until natura- 
leave  vicinity  of  Fraser River by nid-late flay; fi.sh 

tion  occurs 

Reproductive  Adult - mature adults begin an i n -  

year; a pre-spawning  migration  occurs i n  the river 
shore  migration  during summer o f  the fourth 

d u r i n g  July  for   ear ly  run and  August o r  September 

t r ibutar ies   or   out le t   s t reams  of   lakes  
f o r  la ter  rum; spawning occurs  in  the  fall i n  the 

EgglEmbryo - freshwater  streams  subgravel, eggs 

months l a t e r   i n  the spring 
spawned July-Nov. (several runs); hatching  several 

Larvae/Alevin - freshwater  streams,  subgrav21; 
"3 weeks (emergence Jan. -March) 

Fr /Parr - freshwater  streams and r ivers ;   v j r iable  
stage u r a t i o n ;  usual ly  migration  begins soem 

year   o r  more 
a f t e r  emergence, b u t  freshwater  stage may h s t  one 

Smolt - freshwater  streams and rivers t o  e s x a r i n e  
t o  marine water;  emigration  occurs i n  the  spring 
with  the young appearing  off  the mouth of the 
Fraser  River i n  April 

Juvenile - juveniles  appear  to .remain inshore 
durin.g the f i rs t  summer outside  the  r iver;   'ater 

spend 2-3 years a t  sf:a until  maturity 
go t o  open ocean;  probably  leave  in f a l l  and 

-" 

- 
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TABLE 4-4 Cont’d. 

SUMMARY OF LIFE HISTORY  PARAMETERS 

FOR SALMON AND STEELHEAD 

I 

Chinook Salmon 
Cont ’d .  

Coho Salmn 
(0. kisutch) 

Reproductive Adult  - mature f i s h  return a t  age 4 
or 5, armear off  the mouth of the  Fraser  as  early 
as  Jan.,  with maximum i n  Aug./Sept.; spawn.ng i s  
generally i n  the f a l l  

. . .  

Egg/Embryo - freshwater,  subgravel i n  streems 

and winter  (Sept.  on). 
and some l a rger   r ivers  ( t o  a lesser   extent : ’ ;   fa l l  

Larvae/Alevin - freshwater  rivers and streams, 
subgravel;  winter and  early  spring (emergence 
between ear ly  March’  and l a t e   Ju ly )  

FrylPayr - freshwater  rivers a n d  streams fclr 
approximately one year 

Smolt - freshwater  r ivers and streams thro t lgh  
estuarine  waters t o  marine habitat;  migration t o  
salt  water  begins  in March or   Apri l ;   arr ivc  a t  
mouth in May 

Juvenile - lower river, estuarine and inshcre 
areas th rough  spring and summer; migration t o  
open sea  in   fa l l ;  ocean water u n t i l  3 o r  4 years 
o ld  when m a t u r a t i o n  occurs ( a t  age two f o r  some 
m l e s )  

” 

Reproductive A d u l t  - migrate from open sea south 
along Alaskan and B.C. coast;   enter main stream 
of  Fraser between July and  November 

Steel head 
(Sa Zmo gairdneri ) p n l  t o  Hay spawning and 4-7 weeks t o  h a t c h  $e_r 

E /Embr o - freshwater  stream,  subgravel; mid- 

Larvae/Alevin - freshwater  stream,  subgravel ; 
l a t e  spring-summer; 3-7 days t o  absorb yolk sac; 
emergence from mid-June t o  mid-August 
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TABLE 4-4 Cont'd. 

SUPWARY OF LIFE  HISTORY PARAMETERS 

FOR SALMON AND STEELHEAD 

Steelhead Cont 'd .  
spent i n  freshwater  streams  or  lakes 
FrylParr - from 1-4 years  (fry  generally 2 years) 

- Smolt - freshwater  streams,  lakes through c!stuary t o  sea;  migration  generally d u r i n g  spring 

Juvenile - the young are found in   the  less   sal ine 
waters o f  the S t r a i t  of  Georgia off  the  out,let 

extensive  migrations)  for  various  periods,  re- 
of the  Fraser; they. remain a t  sea  (and may  make 

turning t o  spawn after 1-4 years  at  sea 

Reproductive  Adult - mature adults  return t o  
spawn a t  ages  ranging from a b o u t  3 years t c  7 years 
w i t h  repeat spawning c o m n  

. .  

I 

I 
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TABLE: 4-5 

SUMMARY OF AVERAGE SALMON ESCAPEFIEItTS (1957-197G) IN STREAMS LOCATED UPSTRUA 

- IJITHIH AllD DOWEISTRENi OF THE  REGIONAL STUDY AREA. 

Location 

Escapement 1 -- __ X o f  F.R.  System 

- - so - CH - co PK - - so - CH PK 

Streams  Upstream of 
Study  Region 140,481 1,050,543 18,271  8,282 9 88 36 13 

Region 276,659 . 11,569 13,139 6,215 17 1 26 10 

Study  Region 1,224,035 130,854 18,843  47,517 75 11 -37 77 

Streams o f  the Study 

Streams Downstream o f  

TOTALS 1,641,175  1,192,966 50,253 62,014 101 100  99 100 

CODE' NAME: 
1. PK = Pink; SO = Sockeye; CH = Chinook; CO = Coho 

F.R. = Fraser  River.  
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TABLE 11-6 

AVERAGE  PINK^ SALFION ESCAPEMENTS (1957-1976) IN STREAMS 

LOCATED UFSTREAI4, IIITHIIJ AIID DO!.fl~STRENI OF TllE REGIOIIAI. STUDY AREA1’* 

)stream o f  the  Study  Region’ 

Seton  River 

Quesnel  River5 
Portage  River4 

Total  Escapement 

Streams o f  the  Study  Region6 

Thompson R ive r  
Br idge  River 
N ico la   R iver   ( inc l .   Sp ius  h Coldwater  Creeks 

H idd le   Fraser   R iver4   minor   t r ibu tar ies  
Bonaparte  River4 

South Thompson R ive r   m ino r   t r i bu ta r ies  I 
Tota l  Escapement 

Streams Downstream o f  t h e  Study  Region3 

Harr ison River  
Fraser  River  lower  (mainstream) 

Chi l l iwack & Vedder Rivers 
Chehalis  River 

Number 

133,882 
3,473 
3,126 

140,481 

264,901 
9,611 
1,034 

224 
788 

101 

276,659 

771,243 
228,973 
187,406 

11,618 
8,611 

Average Escapement 
Percent o f  Percent F.R. 

Regional System 

95.3 8.1 
2.5 
2 . 2  

<1 
<1 

9 
- 

95.7  16.1 
3.5 <1 

<1 
<1 <1 

<1 

<1 
<1 

< l  
<1 

17 
- 

63.0 
18.7 
15.3 

47.0 
14.0 
11.4 

1 <1 



TABLE 4 4  Cont'd. 

AVERAGE PIIII: SAL1K)II ESCAPBBIITS (1957-1976) Ill STREAJlS 

LOCATED UPSTRENI, IJITIIIII AIIO IX)IIIISTRCAII OF TllE REGIOIIAL STUDY AREA 

Average Escapement 

Streams Downstream o f  the  Study Region Cont'd. 

Sweltzer Creek 

Jones Lreek 
Fraser  River  lower  (minor t r i bu ta r i e s )  

Weaver  Creek 
Stave  River 

Total  Escapement 

GRAND TOTAL 

Number 
Percent o f  Percent F.R. 

Regional Sys tern 

5,600 
5,540 

<1  

2,741 
<1 
< l  

1 ,661 <1 
642 '1 

1,224,035 

1,641,175 

1 
International  Pacific Salmon Fisheries  Comission, 1957-74 and 1975-77, 
Escapement i s  a measure of the number o f  spawning f i s h  and does  not  include  migrants  to  other 

Average fo r  1957-1972 
streams. Pink salmon occur  only  in odd years,  the cycle  average i s  given ( i . e .   no t  annual average). 

Average fo r  1957-1971 

Average fo r  1957-1976. Escapement rzfer; tU entire  stream; where a stream i s  only  par t ly  w i t h i n  
wc boundaries o f  the  regional  base map area, escapement my  apply t o  areas  outside of the zone. 

5 Average fo r  1965, 1967  and  1971 
I,. - 
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Pink  salmon  spawn  during  odd  years in the  Fraser  River  from  September  to 
October and downstream  fry  migrations  take  place  from  March  to May depending 
upon  winter  conditions  (Northcote, 1974). In the Thompson  River,  peak  spawn- 
ing occurs in October  (International  Pacific  Salmon  Fisheries  Commission, 
1967-1976) and  downstream fry  migrations in April  and May  (Pyper, 1976). 

1 
Unlike  chinook,  sockeye and  coho  salmon  which  remain in freshwater  to  rear, 
pink  salmon  migrate  to the sea  soon  after  emergence.  Fry  migration  nonitored 
at  Spatsum i n  the  Thompson  River (19 km  below  Ashcroft)  in 1974 illustrate 
.the relative  abundance and frequency of occurrence  of pink fry in th?  Thompson 
River  (Figure 4-7) during  the  downstream  migration  (Pyper, 1976). 

- 
L 

In the  Thompson  River, pink salmon  spawn  from  Spences  Bridge  to  Kaml2ops 

1 Lake  with  the  highest  density (78%) occurring  upstream  of  the  Bonapa-te  River 
(Figure 4-6) (B.C. Research & Dolmage  Campbell & Assoc., 1975). The  follow- 
ing  spawning  densities  for the Thompson  River  between the Fraser  River and 
Kamloops  lakes  has  been  reported by B.C. Research and Dolmage  Campbell & 
Associates  Limited (1975): 

,. 

a .~ 

I 

Latitudinal  Distribution Estimated  Escapement 
Nicola  River (km 37) to km 56 18,543 ( 7  percent) 
km 56 t o  km 68 31,788 ( 1 2  percent) 

I km 68 to  aonaparte  River  (km 77) 7,947 (3 percent) 
Bonaparte  River  to  Kamloops  Lake 206,623 (78 percent) 

- .  Total  Escapement 264,901 (100 percent) 

- (8) Sockeye  Salmon 

The  major  sockeye  salmon  producing  stream  in  the  regional  area  is  the  South 
m Thompson  River  which  supported an estimated  ennual  escapement  of 10,C53 

individuals.  Minor  rivers  utilized by sockeye  for  spawning  include  the 
Barriere  River ( 7 5 ) ,  Clearwater  River (250) ,  and the  North  Thompson  River 

I 

- .  (164) (Table 4-7). 
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TABLE 4-7 . 

AVERAGE SOCKEYE SALMON ESCAPEIICIIT (1957-1976) I N  STREAMS 

LOCATED UPSTREAII, IlITllIEJ AND DOklflSTRENl OF THE REGIONAL STUDY AREA1” 

” S t r e a m  Upstream o f  the  Study Region’ 

Adam River  (upper)  
Adam  River  ( lower) 
Adam R i v e r   ( t r i b u t a r i e s )  
Bowron R ive r  
Ch i l ko   R ive r  
Fennel Creek 
Gates River  
Horse f ly   R iver  
L i t t l e   R i v e r 4  
L i t t l e   H o r s e f l y   R i v e r  
I l i t c h e l l   R i v e r  
Nechako ( i n c l .  Endako, Nadina N i th i   R i ve rs  

Portage  River 
Raf t   R iver  

Shuswap River   ( lower)  
Seymour R ive r  

Shuswap River  (upper) 
S t u a r t   R i v e r  
Taseko R ive r  

and Ormand Creek) 

Tota l  Escapement 

Streams o f  the  Study  Region“ 

Clearwater  River’  
B a r r i e r e   R i v e r  

North Thompson R ive r  

South Thompson R iver   (m inor   t r ibu tar ies )  
South Thompson R ive r  

Totai  Escapewnt 

Number 

22 
. 431,372 

492 
11,220 

272,533 
357 

74,338 
3,775 

57,716 
37 

1,503 

13.403 
4,236 

23,808 
G ,332 

6.649 

142,924 
1162 

5,975 
- 1,057,655 

75 
250 

10,053 
164 

1,027 

11,569 
___- 

~. . 

Percent o f  
.Regional 

1.1 
26.0 
<1 
<1 
7.1 
5.5 

<1 
<1 

1 . 3  

?,3 

<1 
<1 

<1 
<1 
13.6 
<1 

< I  
2.2 

86.9 
1.4 

8 .8  

Percent o f  F.R. 
System 

<1 
36.2 
c1 

22.8 
<1 

c1 
<1 

4.8 
6.2 

<1 
<1 

1.1 
c1 
<1 

il 
<1 
32.0 
1 

08 

2.0 

- 

I 

. 
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TACLE 4-7  Cont'd. 

AVERAGE SOCKEYE SALt1ON ESCAPEIIEIfi (1957-1976) IIi STREAHS 

LOCATED  UPSTREAH, IJITIIIH AHD DOISIiSTREN4 OF THE REGIOIIAL STUDY AREA 

Streams Downstream o f  the  Study  Region 

Birkenhead  River 
Cul t u s  Lake 
Fraser  River  ( lower - m ino r   t r i bu ta r ies )  
Harr ison  River  
Pitt River  (upper)  
l leaver Creek 

Tota l  Escapement 

" 
Number 

56,761 
18,501 

941 
15,408 
15.286 
1~.n46 

123,743 

Percent   o f  
Regional 

. 

45.9 
15.0 
<l'  
12.4 
12.3 
13.6 

Percent o f  F . R .  
System 

- . 

4.8 
1.5 

1.3 
1.3 
1.4 

<1 

- 
10 

GRAND TOTAL 1,192;967 

1 
Sockeye  escapements f rom  In te rna t i ona l   Pac i f i c  Salmon Fisher ies Comnission,  Annual  Reports, 1957- 
1976 
Escapermt i s  a measure o f   t h e  number o f  spawning f i s h  and  does n o t   i n c l u d e   a d u l t s   m i g r a t i n g   t o  

Average f o r  1957 - 1972 
Average f o r  1957-1976 

spawning  areas i n   o t h e r  streams 

Est imate  only 
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The Thompson River a l so  serves a s  a  major  migratory pathway f o r  sockeye salmon 
enroute t o  spawning locations  in the Lower  Adams River (Figure  4-8). Considered 
one of the most important salmon runs i n  North America, the Lower Adms River 
accounted for approximately 50% of the total  Fraser River Sockeye esc:apement 
(827,000) i n  1976 (International  Pacific Salmon Fisheries Conmission 1977). 

In the  Fraser River,spawning  occurs between June and October (Northcote,  1974). 
After  remaining  in  freshwater  for one t o  two years, juvenile sockeye salmon 
outmigrate  as  smolts from March t o  July (Northcote,  1974). In the Thompson 
River the main upstream spawning migration  takes  place from la te  July t o  l a t e  
October w i t h  smolt  migrations  occurring from mid-April t o  mid-June a t  Spences 
Bridge (Fred AnOrews, pers. comm.). 

._/"-. 

( C )  (Chinook  Salmon \ . .  
b.. 

/ 
The North Thompson River, Thompson River, Sou th  Thompson and Clearwattr  Rivers 
are   the major chinook spawning streams i n  the study area and receive  ,?stimated 
annual  escapements  of  1,090, 2,122, 3,975 and 1,629,(including &hood River), 
respectively (Table  4-8 and u t i l i zed   fo r  :;pawning 
include Barriere River Creek (18 ) ,  
Louis Creek (227)  and 

Upstream spawning migrations  take  place between March and June i n  the  Fraser 
River  (Northcote  1974).  In the Thompson River spawning takes place from 
ear ly  September t o  mid-October and peaks i n  l a t e  September (Fisheries and 
Environment Canada, Fisheries and Marine Service,  1977a). A t  one t o  three 
years of age,  juvenile chinook  migrate as smolt between May' and September' 
( L .  Goodman & D. Aurel, pers. comm.). 

(0)  Coho Salmon 

The Nicola River and  Lemieux Creek are  the major coho  salmon spawning streams 
in  the  regional  study  area. These streams  receive  estimated annual  escapements 

4 - 33 





k L t m I I I 

P 

I 

W 
u1 

TNlLC 4-3 

AVEMGE CHINOOK SALMOFJ  ESCAPEIIENT (1957-1976) IN STREAfiS 
LOCATED UPSJRCAII, WITHIII ArlD DOIIllSTREAM OF TllE REGIONAL  STUDY AREA1" 

Streams Upstream o f  the Study Region3 

Adams River 
Bowran River 

Chilako  River 
Cariboo  River 

Chilcotin  River 
Chilko  River 
Dome Creek4 
Do& Creek" 
Eagle Rivers 
F i n n  Creek 
Fleet Creek4 
Fraser River N. (main stem)" 

Goat & M i l k  River Ei W. Twin Creek6 
Fraser  River N. (minor t r i bu ta r i e s )6  

Holmes River, Horsey & Nevin  Creek 
Horsefly  River 

Morki 11 River 
McGregor River ( tr ibutary)6 

Quesnel River 
Portage  River 

Raft  River 
Salmon River5 
Seeback Creek' 

Slim Creek' 
Seton 9 i w r 5  

Shuswap River (lower 
Shuswap E v e r  (upper 1 
Shuswap River (minor t r i bu ta r i e s )  

Number 

2,007 
1,022 

Present 

691 
85 

3,106 

25 
25 

84 5 
673 
25 

3,000 
90 " 
50. 

400 

614 
198 

32 3 
128 

334 
966 

192. 
* 200 

26 
946 

5.219 
756 
91 

Percent of 
Regional 

8.2 
4.2 

<I 

12.3 
2.0 

<1 
<1 

- 

3.5 
2.0 

<I  
12.3 
<1 
<1 

<1 
1.6 

2.5 
1.3 

4.0 
1.4 

<l 

<1 
<1 
-1 

21.4 
3.9 

<1 
3.1 

Percent o f  F.R. 
Sys tern 

4.3 
2.2 

<1 
- 
1.5  
6.7 

<1 
<1 

1.8 
1.4 

6.4 
<1 

<1 

<1 
<1 

<1 

<1 
<1 

<1 
<1 

< 1  
<l 

2 .0  
11.2 

1.6 
c 1  

1.3 

2 .1  
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TABLE 4-8 Cont'd. 

AVERAGE CllII4OOK SALtlOll CSCAPCt1EI-IT (1957-1976) I N  STRENlS 

LOCATED  UPSTRCNI, WITtlIll AIlD OOll/lSTRCNl OF TllE RCGIOllAL STUDY AREA 

Streams  Upstream o f  the  Study Region  Cont'd. 

S t e l l a k o   R i v e r  

Swift Creek4 
Stuar t   R iver  

Taseko Ri;*or 
Torpy  River & Keg Creek (West  Torpy  River) 
Walker  Creek" 
Westroad  River 
Wi 1  1 ow River 

Tota l  Escapement 

Streams o f  the  Study  Region' 

Bar r ie re   R iver  
Clearwater  River & Mahood R ive r *  
Deadman River  
Lemieux Creek 
Louis Creek 
Thompson River  
Nor th Thompson River  
South Thompson River 
Yalakom River  

Tct:! EsCicefieiit 

Number 

295 
231 

481 
75 

600 

250 
300 

68 

24,337 

67 
1,629 
256 

227 
18 

2,122 

3.975 
1,090 

84 

Percent o f  
Regional 

<1 

<I 
1.2 

2.0 
2.5 
1.2 
1.0 

<1 

<1 
17.2 

<1 
2.7 

22.4 
2.4 

11.5 
42.0 
<1 

9,468 

Percent o f  F.R. 
System 

<1 
<1 
<1 

1 .o 
0.6 
1.3 

0.5 
0.1 - 

53 

<I 

<1 
<1 
<1 

3.5 

4.5 
2.3 
8.5 

<1 

20 
- 
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TABLE 4-8  Cont'd. 

AVERAGE CHIIIOOY, SALtIOII  ESCAPEIlEliT (1957-1376) Ill STREAllS 

LOCATED UPSTREAH, IlITllIll AI10 DOCIIISTRENI OF TllE REGIOllAL STUDY AREA 

Percent o f  
Number m i o n a l  

Streams  Downstream o f   t h e  Study  Region3 

B i  rkenhead  River 825 5.0 
Ch i l l iwack   R ive r  34 1 2.1 
F rase r   R ive r   l ower   (m ino r   t r i bu ta r ies )  268 ,1.6 
Mission & Har r ison   R iver  9,706  50.9 
Naha t la t ch   k i ve r  56 <I  
Nico la   R iver  3,671. 
Pitt River  . '  1,5n1 9.6 

Tota l  Escapement IC, ,480 

GRAllD TOTAL  46,502 

Percent o f  F.R. 
System 

1.8 
<1 

20.8 
<1 

<1 
3.4 
3.4 - 

26 

From Environment Canada, F isher ies & Marine  Service  (1974) and F isher ies  & Marine  Service,  spawning 

Escapement i s  a  measure o f  the number o f  spawning f i s h  and does no t   i nc lude   adu l t s   m ig ra t i ng   t o  

Average f o r  1957-1 972 

Average f o r  1957-1976 

f i lez ,   unpub l ished ms., Vancouver 

spawning  areas i n  o the r  streams 

Esti!!!!ate n!?!y 

Averahe f o r  1955-1972 
Escapement r e f e r s  t o   e n t i r e  stream;  where a stream i s   o n l y   p a r t l y   w i t h i n   t h e   b o u n d a r i e s   o f   t h e  

the  regional  base map area, escapement may app ly   to   a reas   ou ts ide  o f  t he  zone. b t a  encompass 
1957-1976 

Average f o r  1957-1964,  1973-1976 on ly  
Average f o r  1960  and 1964-1972 o n l y  

I 
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o f  1,558 and  904 spawners,respectively. Other streams o f  l esser  importance 
include Deadman Creek (3901, Barriere River (503), P m n  Creek (80), and Brookfield 
Creek (75) (Table 4-9, Figure 4-10). 

In the  Fraser River, spawning commences between March and June w i t h  major smolt 
outmigrations  accurring from March t o  June (Northcote;  1974). In the Thompson 

.River,coho spawn from l a t e  September to   ea r ly  November (Fisheries and Environ- 
ment Canada, Fisheries and  Marine Service,  1977a). 

( E )  Steel head 

j teelhead  are found i n  the Thompson River between Spences Bridge and  Kamloops 
Lake. Other streams which support  populations of steelhead  include 
;lahatlatch River, Anderson River, River and t r ibu ta r i e s ,  
Bonaparte  River  (lower two Tranquille Creek : B . C .  
" inis t ry  of Recreation and Branch, 1 9 7 7 ~ ) .  
In the Thompson River spawning occurs from March t o  June. and upstream  migration 
takes  place from September t o  April (Pers. comm. John Cartwright, Fish & Wildlife 
Branch, Oct.  1977). 

( i v )  Fisheries Resource Uti l izat ion 

( A )  Sport  Fishery 

The s tudy region  contains  a  large number of lakes and streams which sulyport 
good t o  excellent sport f i s h e r i e s . p t e e l h e a d  and resident rainbow trout are 
the  principal species sought by Gort fishermen. However, eastern brook trout, 
lake  t rout ,  Dolly Varden, kokanee,  chinook salmon, mountain whitefish and 
b u r b o t  are  also  taken. 

Best known for   i ts   qual i ty   s teelhead  f ishing,   the   region  a t t racts . f isht?rmen 
from across Canada and the United States  t o  the Thompson River. The  Thompson 
River i s  one o f  the  f inest   steelhead ."trophy" producing  streams i n  6rit:ish 
Columbia. Steelhead  reach an excess o f  9 kg  and average 810 mm i n  length. 

4 - 39 
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TABLE 4-9 , 

AVERAGE COHO SALtlON ESCAPEMENT (1957-1976) IN STRENlS 

LOCATED UPSTREAM, WITllIN AND DOWNSTREAM OF THE REGIONAL STUDY AREA'.' 

- Streams  Upstream o f   t h e   S t u d y  Region' 

Adam  River 
Anstey  River 
Uessette Creek 
Eagle  River4 

F inn Creek 
Fennel Creek 

Gates  Creek' 
L i o n  Creek 
Portage Creek 
R a f t  Creek 
Reg C h r i s t i e  Creek 
Salmon River4 
Seton  River & Cayoosh Creek4 
Shuswap River  ( lower) 
Shuswap River  (upper) 

Total  Escapevent 
Streams o f  the  Studv  kcl ion 
B a r r i e r e   R i v e r  

Clearwater  River & Mahood River6 
B r o o k f i e l d  Creek6 

Deadman R ive r  
Lemieux  Creek 
Louis Creek 

4 

Mann Creek 
N ico la   R ive r   ( i nc l .   Sp ius  & Coldwater  Creek) 
Thompson River  
North Thompson River6 

Total  Escapement 

Number 

485 
98 

831 
1,867 

24 1 
249 
364 

2,094 

6 34 
66 

37 
1,299 

17 
980 

1,047 
10,309 

503 
75. 

527- 

904 
390 

1.376 
80 

120 
682 

6,215 

1  ,558 

Percent o f  
Regional 

<1 
4.7 

18.1 
8.1 

2.3 
2.4 
3.5 

20.3 
<1 

6.1 
<1 
12.6 
< I  

9.5 
10.1 

8.1 
1.2 
8.5 
6.3 

22.1 
14.5 

1.2 
25.1 

1.9 
11.0 

Percent O F F .  R. 
System 

<1 
<1 
1.3 
3.0 

<1 
<1 
<1 

<1 

<1 

<1 

3.4 

1.0 

2.1 

- 
16 

1 
1 
1 
1 
1.4 
2.2 
1 
2.5 
1 
1.1 

10 
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TABLE 4-9 Cont'd. 

AVERAGE COHO SALMON  ESCAPEMENT (1957-1976) IN STREAMS 

LOCATED UPSTREN!, \IITHII.I AND DOWNSTREAM OF THE REGIONAL STUDY AREA 

. .  
Streams Downstream o f  the Study Region3 

Birkenhead River 
Chilliwack River & Vedder River 
Chilliwack - Vedder ( t r ibu tary)  
Fraser  River  (lower - minor tributary) 
Harrison  River 

Cillooet River ( t r i bu ta r i e s )  
Lillooet River 

Total Escapement 

GRAND TOTAL 

Number 

2,747 
21,047 

6,395 
1,941 

11,707 
545 

1,108 

45,490 

62,014 

Percent of Percent of F . R .  
Regional  System 

6.0 4.4 
46.2 33.9 
4.3 3.1 

14.0 
25.7 

10.3 

1.2 
18.9 

2.4 
1 
1 .8 - 

74 

From Environment Canada, Fisheries & Marine Service (1974) and Fisheries & Marine Service, spawning 

Escapement is  a measure of t h e  number of  spawning f i sh  and does not include  adults  migrating  to 

Average fo r  1957-1976.  Escapement r e f e r s   t o   e n t i r e  stream; where  a stream i s  only  partly w i t h i n  
Average f o r  1957-1972 

f i l e s ,  unpublished ms., Vancouver 

spawning areas i n  other  streams 

the  boundaries  of  the  regional  base map area, escapement may apply to  areas  outside  of  the  zone ' Average f o r  1957, 1958 and  1961-1972 only 
Estimate  only 

a 
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Their  large  size and strong,  aggressive  behavioural  characterist ics rrake  them 
highly  valued  as a sport f i s h .  The steelhead  sport   f ishery  is   pr imari ly  ~ 

exploi ted d u r i n g  t h e   f a l l  and winter runs from October t o  January. An e s t i -  
mated 732 steelhead were t a k e n  during the 1976/77  season  in the Thompson River 
a t  an average  angler  success  rate  of  0.122  fish/angler/day (B.C. f4in.i'stry 
Rerreation 5. gonservation,  Fish & Wildlife Branch. 1977d). 

Steelhead  f ishing i n  the Thompson River accounted  for  84% o f  the average 
t o t a l  number of angler  days  (14,330) expended for steelhead i n  the region 
(Table  4-10). F!umerous other  streams  in  the region support s teelhead;  however, 

. i n  terms of overall   angler use they  receive minor pressure.'  Province-wide, 
;fishermen spent 206,944 angler days on streams  f ishing  steelhead, 6 .9  % 
was expended i n  the study  region. 

/ In  the remainder of the regional  area rainbow t r o u t  are  the most  impclrtant 
!sport   f ish  taken. '   In 'a   survey conducted by Pears.e Bowden (1971)  during 
~1969 -, 1970 i n  the Kamloops area  resul ts   indicated rainbow trout accclunted f o r  
-84% of the to t a l   spo r t  f i s h i n g  catch (653,000 f i sh) .  Char (both  east.ern  brook 
t r o u t  and  lake trout), kokanee, steelhead and  other  species  accountec  for 
57,000, 19,000, 2,000, and 24,000 f i sh , respec t ive ly .  By cornparison,t.he t o t a l  
provincial sport f ishing  catch was 8,642,000  fish. The  Kamloops area  sport   f ish 
catch  accounted  for  7.6% of the  total   provincial   catch.  

i 

I 
i 

Pearse Bowden (1971) indicated t h a t  79 X of  the anglers  interviewed  pre- 
f e r r ed  t o  fish lakes in t h e  Kanloops area as opposed t o  streams. In .:he 
regional  area,an  estimated  726,378  days of ang ie r   e f fo r t  were expended on 
228 lakes  (Table 4-11 and Figure 4-11) Loon Lake, .Tunkwa Lake, .Lac Le Jeune, 
Pennask Lake and Roche  Lake ar2  the major lake  systems which a t t r a c t  sport 

1 :anglers. All received  greater t h a n  25,000 angler days of pressure per year 
! ( B . C .  R in is t ry  of Recreation & Conservation, Fish & !:ildlife  Branch,  'i977a). 
I !The importance o f  the  numerous, accessable  smaller  lakes  in  the  region  cannot 
/be  underrated.  Nearly 60 percent of the t o t a l  a n g l e r   e f f o r t   i s  expended on 
';lakes which receive 4 , 0 0 0  angler  days o f  e f f o r t  per year (Appendix 5, 
;Table  5-1). 
j 
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Water 3ody 

TABLE 4-10 
I 

DISTRIBUTION OF STEELHEAD ANGLER EFFORT (ANGLER DAYS) 

EXPENDED ON STREAMS  IN THE STUDY  REGION's2 

Thompson River' 
Salmon River 

South Thompson River" 
Bridge River 

Nicola  River 
Seton  River 

North Thompson River 
Stein  River 
Barriere  River 
Bonaparte  River 
Cold Creek 
Deadman's Creek 

Tranquille  River 
Yalakom River 

t lacby Creel: 

Total  

Angler Days) Regional Effort 
Percent o f  
- 

12,013 
91 6 
551 
393 
165 
117 

47 
BO 

21 
' a  

6 
7 

5 
1 

<1 

14.330 

From: B.C. Ministry  Recreation C Conservation, Fish C Llildlife Branch, 1963-1976 
Harvest Summary: Total Angler Effort on a l l  streams  in Region 14,330 

Total  Angler Effort on a l l  streams i n  Province 206,944 
Harvest  date  exists  for 1966-67 but does n o t  include numbers of  ansler 

Angler  days - number of anglers x number of days fished per angler 
days 

' During 1967-72 Thompson River and South Thompson River  data were included 
under the  headins "Thompson River" 
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I TABLE 4-11 

SUMMARY OF LAKE SPORT FISHING 

EFFORT EXPENDED IN MANAGEMENT UNITS 

OF THE STUDY  REGION 

Management 
U n i t  - 
3-12 
3-1 3 
3-14 
3-1 5 
3-1 6 
3-17 
3-1 8 

3-20 
3-1 9 

'3-27 
3-28 
3-29 
3-30 
3-31 
3-33 

3-39 
3-38 

~ .. 

TOTAL 

Lakes Fished 
Number o f  

20 
9 
1 
5 

12 
3 

21 
22 
18 

13 
12 

19 
36 

5 

5 
26 

1 

Angler Days2 

123,828 
33,000 
10,000 

4,800 

38,500 
6,000 

125,500 
74,150 

.76,100 
51,500 
18;500 
33,150 
55,000 
10,750 

1,000 
9,500 

60,100 

Total  Effort 
Percent o f  

15.9 
4.5 
1.4 
0 .6  
0.8 
5.3 

10.1 
17.1 
13.4 
7.0 
2 

7 . 5  
1 :2 
1.5 
0.1 
1.3 
3.2 

228 731,370 93.7 

- 
' Source: B.C. Ministry  Recreation & Conservation, F i s h  & Wildlife Branch, 

1977a 
Angler days - number o f  anglers x number of days fished  per  angle,- 
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Within ths immediate v i c in i ty  of Hat Creek (40. k m )  41 lakes and streams in 
port ions of e igh t  management units (numbers 13,16,17,18,29,30,31 and 32)  pro- 
v ide   recrea t iona l  sport f i sh ing  and receive an estimated  total   angler  effort  - 
of 116,600  days (B.C.  Ministry of Recreation & Conservation,  Fish and Wildlife 
'Branch,  1968-76 and 1977a). Over 50% of the  f ishing  pressure  is  expended 
:on  Tunkwa, Kwutlenemo, Pavi'lion,  Leighton and  Loon Lakes. The most popular 
local  area management u n i t   i s  number 17 (Hat Creek v ic in i ty ) .  Unit 17 contains 
the   g rea t e s t  number of lakes.  angled and also  receives   the  greatest   f ishing 
Ipressure (51,500 angler  days). 
I 
'1.n an attempt t o  determine  the  capability of local  lakes t o  support  increased 
fishing  pressure,   opinions of local Fish & Wildl i fe   o f f ic ia l s  were s o l i c i t e d .  
and their  coments  summarized on  Table 4-12. Most lakes i n  the vicinity of 
Hat Creek w o k  considered  capable of supporting an increase in fishing  pressure;  
however,  Green  Lake,  Kelly Lake, Kelly Creek and Tunkwa Lak?  were t h o u g h t  
t o  be at.naximum  production. Any increase  in  fishing  pressure would l ike ly  
resu1.t i n  depletion of present  f ish  stocks (S . J .  Ik 'Donald and J. Cartwright, 
Pers. corn.). The  Thompson River was considered  very  close t o  i t s  naximum 
yi.eld at the present  time, however, other   sport   f ish  ( res ident  rainbow t rout  
ian.d whitef ish)   .populat ions were capable  ofwithstanding  increased  fishing 
!pressure.  

Fish  stocking  in  the  study  region has been used a s  a management t o o l  t o  sapple- 
ment natural   populations  and,in  early  years,  t o  introduce  exotic  f ish  species.  
First begun i n  1909 w i t h  experimental  releases oi ra inbow t r o u t ,  A t l a n t i c  

.salmon,  lake  trout and  brook t rou t   i n  Paul Lake, f ish  stocking has  continued 
as one of  the key management too ls  i n  m a i n t a i n i n g  the  'quality of regional 
s p o r t   f i s h e r i e s .  A stocking  history of lakes  in  the  regional  area  is  presented 
with  respect   to  Hanagement Units i n  Appendix B ,  Table 9 - 2 .  A summsry presenta- 
t i o n  of this data i s  given i n  Figure 4-12. 

1 

In the past,the  province  has  released rainbow t r o u t ,  brook trout, kokanee, 
s t ee lhead ,   cu t th roa t   t rou t ,   a t l an t i c  salmon a n d  lake trout i n  i t s  water's. 
However, rainbow t r o u t  has been the most commonly stocked f i sh  i n  t he   l a s t  

! 
I 

, 

iten  years. Paul  Lake, Carpenter Lake, Kinnie Lake, ion  Lake,  Peter Hope 

! 
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TABLE 4-12 i 

CAPABILITY OF LAKES AND STREATIS IIITHIH THE LOCAL HAT CREEK 

AREA TO SUSTAIN  INCREPSEO  AIKLIIIG  PRESSURE 

Water Bodx 

Barnes Lake 

Cornwall Lake 
Five  Mile Lake 
Four Mile Lake 
Green  Lake 
Hat Creek 
Kelly Creek 
Kelly Lake 
Kwutlenemo  Lake 
Leighton Lake 
Loon  Lake 
Quiltanton Lake 
Pavilion Lake 
Seton Lake 

Six Mile Lake 
Thompson River 
Tunkwa  Lake 

Capable o f  
Supporting an Increase 

Yes 
Ye5 
Yes 
Yes 
No 
Yes 

.No 
No 

Yes, b u t  'near mximum 
Yes 

Yes, b u t  near maximum 
Yes 

Yes, substantial  increase 
Yes, substantial  increase 

Yes 
Yes, b u t  near maximum 

N 0 

Principal  5,port Fish 

rainbow t rou t  
rainbow trout 
brook t rou t  
brook t rwt  

rainbow t r o x t ,  kokanee 
rainbow trout 
rainbow ':rout 
rainbow ::rout 
rainbow 1:rout 
rainbow trout 
rainbow t rou t  
rain bow t rout  

rainbow t r o b t ,  kokanee 
rainbow t rou t ,  salmon, 
Dolly  Varden, whitefish, 

kokane? 
brook t r o s t  

steel h m d  

rainbow t:-out 

From: S.J. MacDonald & J .  Cartwright, Fish & Wildlife Branch, Kamloclps, 19i7 
(personal  communication) 

4 - 48 





I 

I 

I 

3 

a 

beak 

Lake,  Roche  Lake,  Stump  Lake,  Heffley  Lake,  Jacko  Lake,  Knouff  Lake and Tunkwa 
Lake  are all  important  sport  fish  lakes  which  have  been  stocked  in  excess 
of 20,000 fish per year over  the  last  ten  years. 

Stocking  formulas  employed by the  Fish and Wildlife  Branch to determiile the 
numbers  of  fish  stocked  are based  on several  factors  which  take  into  tonsidera- 
tion  lake  productivity,  catch  success,  natural  recruitment and public  access 
(hithet aZ..,1969). Two  graphical  aids  used in estimating  stocking  r3tes 
are  shown in Figure 4-13. Where  natural  recruitment i s  marginal  or  intermittent 
and  catch  success is less  than 1 fish/hour/angler, fish  stocking  rates can 
be obtained from the  linear  function  presented  in  Figure  4-13. The numbers 
of  fish  stocked are  also  evaluated in terms  of  lake  productivity  as  measured 
by total  dissolved  'solids.  More  productive  lakes  (higher  dissolved  solids) 
are  stocked  at a greater  rate  than  those  which  contain  less  total  dissolved 
solids. In areas where  public  access  is  available,  stocking  rates  are  related 
to  access  and  the  quality  of  available  spawning  area  as  shown  in  Table 4-13. 

The  size o f  fish  stocked in the  region  varies  depending  upon  hatchery  avail- 
ability and predictability  of  survival. In general, fall stockings  of  rainbow 
trout  consist  of fry less than 50 mm in  length,  while  in spring,  releases 
consist o f  fingerlings  which  range  from 50 to 100 mm in length  (S.J. McDonald, 
pers.  comm.). 

Sport  fishery  regulations in the  regional  study  area  prohibit  the use of any 
fish product  other  than  crustacea or  roe. Many  rivers in the  area  are  closed 
to sport  fishing  between  May 1 and  June 30 and  other  regulations  such  as  closures 
and  gear  restrictions  vary  with  specific  lakes and streams in the  study area. 
Daily  catch  limits  are as follows:  aggregate  rainbow  trout,  kamloops  trout, 
steelhead,  cutthroat  trout, brown trout,  Dolly Varden,  lake trout, brook  trout 
and kokanee ( 2 ,  >50cm) aggregate  trout,  char and grayling ( 8 ,  >50 cm), kokanee 
(125,> 50 cm) apd burbot (10) (B.C. Ministry  Recreation & Conservaticn,  Fish 
& Wildlife  Branch, 1977b). Trout  are  defined  as: rainbow,  kamloops,  steelhead, 
cutthroat,  brown, and  char  as Dolly  Varden,  lake  trout & brook  trout. 

I 

I 
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TOTAL DISSOLVED SOLIDS  (ppm) 

Curve  used to estimate Rainbow  Trout fry stocking rate from total dissolved :solids 
(from Smith et u/., 1969) 

a 
w 
-1 
cl 
2 a 
a 
a w 

X 

LL 
Y 

LL 
0 

PERCENTAGE OF STANDARD STOCKING 

Relationship between percentage o f  standard stocking and number o f  fish  per  angler hour 
(from  Smith et u/., 1969) 

figure 4013 
GRAPHICAL  TECHNIQUES USED BY FISH AND 
WILDLIFE BRANCH TO ESTIMATE FISH 
STOCKING RATES 



TABLE 4-13 

RELATIONSHIP OF STOCKING R A T ~ T O  PUBLIC ACCESS 

AND QUALITY OF AVAILABLE  SPAWNING AREA 

Public Access . 

Good 

k d i  um 

Poor 

Spawning Rate (%) 
Good Medium Poor Ni 1 - - - 
0-30 60 80 . 100 

15 30 45 60 

0-1 5 15 20 30 

Source: Smith et aZ.. 1969. 

* 
Stocking  Rate:  percent o f  theoretical   stocking  rate  as determined 

by graphical methods shown i n  Figure 4-13. 
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,Ice  fishing  is  a  popular  sport in the  Kamloops  area  (Stewart, 1977). The 
first  lake in British  Columbia  designated  as an  ice fishing  only area is Trapp 
'Lake (brook  trout). Trapp  Lake is situated 24 km south  of  Kamloops  and  has 
attracted  hundreds  of  ice  fishermen.  The  introduction of brook  trout  into 
'this system in 1975 has  enhanced  the  winter  sport  fishery. 

Jocko,  Stake,  Walloper and Tunkwa  Lakes  support  substantial  rainbow  trout 
.populations. Lac  La  Hache is also  well  known  as a good winter  fishery,  primarily 
for  kokanee.  Red  Lake,  Heffley  Lake,  Paul  Lake  and  Kanouff  Lake  are  all  popular 

, winter  ice  fishing  areas (S. McDonald,  Fish  and  Wildlife  Branch,  pers.  comm.). 

6. Commercial  Fishery 

The Fraser  River  system  supports a.major international  pacific  salmon  fishery 
that  is  exploited by Canada and the  United  States  (International  Pacific  Salmon 
Fisheries  Commission, 1977a). The  estimated  average  annual  commercial  catch 
of  Fraser  River  salmon  (1957-72;  Table 4-14) was 7,094,000 (Environment  Canada, 
.F,isheries  and  Marine  Service, 1974). . 

-l 

j - *.< - 
The  Fraser  River  accounts  for  approximately  one-third  of  the  total  sa'lmon 
taken in the  provjncial  commercial  fishery (Aro  & Shepard, 1967). Terl percent 
of  the  provincial  catch  originates  from  the  Thompson  River  system.  The  commercial 
-salmon  fishery in B.C. had a wholesale  market  value  of  %219,758,000 i n  1974 

r: 
(B.C. Department of Finance, 1975). 

'Historical  catch  and  escapement  information  for  pink  salmon in the  Thcmpson 
River  are  included in Table  4-15. 

" 

C. Subsistence  Fishery 

The  Indian  food fishery (salmon  and  steelhead)  is  based on a permit  per  house- 
hold  system and unless  stocks  ire  threatened,  the  catch  is  not  limited  (Environ- 
ment  Canada,  Fisheries & Marine  Service, 1974).  The  average  annual  indian 
food  catch o f  salmon and steelhead in the  Fraser  River  is 186,018 (Environment 
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TACCE 4-14 

AVERAGE ANNUAL COMflERCIAL  CATCH  AN0 CATCII/ESCAPEMENT M T I O S  

OF SALMON ORIGINATING FROM  VARlOUS REGIONS OF  THE FMSER RIVER SYSTEM (1957-1972) 

Area - 

Upper  Fraser  Basin 

Grand Canyon Basin 
McGreyor R iver   Bas in  
Nor th   Fraser  Area 

To ta l  

Centra l   Fraser  System 

Car iboo  River   Basin 
Ques&l   River  Systenl 
Middle  Fraser  Area 

T o t a l  

Thompson R iver   Bas in  

Clearwater   River   0as in 
Nor th  Thompson System 
Thornpson/S.  Thompson 

T o t a l  

Chinook 
(U) 

20,725 
2,930 
8,183 

31 ,038 

357 

1 7,044 
4,101 

21,502 

9,290 
6,039 

68,534, 

83.863 

Sockeye Coho Pink Chum 
(3.1:l) ___- (3.0: l)  " (2.9: l )  - 

.. .... 

- - 
235,228 
888,212 1,024 210,656 - 

1,123,440 1 ,024  210,G56 - 

- 
- 

. -  

- - 

775 740 - 
22,971 15,405 - - 

- 
1,668,040 , 22,050 344,520 - 
1,691,794 . 38,195 344,520 - 

~~ 

- T o t a l  

753.518 

1,356,702 

2,158,372 
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TABLE 4-14  Cont'd. 5 4  , .. 
u 

AVEMGE. ANNUAL  COMMERCIAL  CATCH AND CATCH/ESCAPEfKNT  RATIOS 

OF  SALMON ORIGINATING FROM  VARIOUS  REGIONS OF THE FMSER R I V E R  SYSTEM (1957-1972) 

Area - Chinook 
( 4 . 0 : l )  

Sockeye Coho (E) ( 1 . 5 : l )  
Pink Chum 

(W) (3.0:.1) - 
T o t a l  - I  

Lower Fraser  Area 45 ,GG5 383,625 103,512 1,782,978 509,505 7,093,877 

GRAND TOTAL 182,940 . 3,920,539 142.731 2,338.154 509,505 7,093.877 

From  Environnlent Canada, Fisheries & Marine  Service,  1974 

, .  
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TABLE 4-15 

PINK SALMON  COMMERCIAL  CATCH/ESCAPEMENT DATA 

FOR PERIOD OF RECORD IN THE THOMPSON RIVER 

Escapement 
Year 

Catch 
- Thompson River Thompsm River 

& Tributaries’ & Tribgtaries 

1 9572 
1959 
1961 
1963 
1965 
1967 
1969 
1971 
1973 
1975 

269.1 06 
87,224 
69,411 

285,243 
233,100 
450,487 
247,896 
258,203 
283,385 
480,350 

780,407.4 
252,!350 
201  ,292 
827,205 
675,990.0 

1,306,412.3 
7 1 8 , t ~ a  
748,789 
821 ,Ell 6 

1,393,CIl5.0 

From: International  Pacific Salmon Fisheries Commission, Annual Reports 
1957-1976 

Records o f  p i n k  salmon  were not  kept by International  Pacific Salmon 
Includes  Nicola River, Bonaparte River a n d  minor t r i b u t a r i e s  

Fisheries Commission u n t i l  1957 
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Canada, Fisheries & Marine Service,  1974). In 1976, 68,675 sockeye salmon 
.I were caught i n  the Thompson River  system, and the Fraser River between Hape 

and Churn Creek (36 km nor th  of ‘Clinton) by indian  fishermen  (International 
e Pacif ic  Salmon Fisheries Commission, 1976.). 

r 
D. Enhancement 

The Fraser  River i s  included  in  the  Federal Government’s salmonid enhmcement 
program  which i s  designed t o  increase commercial catches. Enhancement tech- 
niques such as hatcheries and r ea r ing   f ac i l i t i e s  a’re being  investigated. 
Enhancement of salmon and steelhead  is  proposed i n  the  regional  study  area 
and escapement are expected t o  increase by 500,000 sockeye, 70,000 coho, 20,000 
chinook and 4,000 steelhead  (Table 4-16). The streams proposed for erlhancement 

.I 

I 

I are   t r ibu tar ies  of the Thompson River (Deadman River and Nicola River:! and 
North Thompson (Barr iere   River) .   Present ly ,   exis t ing  faci l i t ies   are   outs ide 
of  the  regional  study  area and  commenced operation as ear ly  as 1961 (Table 
4-16). Efforts  are underway by the I n  ternational  Pacific Salmon Fis ter ies  
Commission to  introduce p i n k  salmon into  the  Fraser  River which spawn i n  even 
numbered years and t o  increase  the  present  population which  spawns in odd 
years. 

I 

. 

m -  

I 

I 

( v )  Existing  Stresses on Fish  Populations 

Almost every salmon p o p u l a t i o n  in  the  Fraser River contains IHN diseass 
(infectious  hematopoictic  necrosis).   I t  has also been found i n  sockeye stock 0. 

migrating through  the Thompson River.   I ts   effect  on survival of @ural salmon % 
populations i s  no t  known; however, i t  can cause h i g h  mortality on hatchery 
f ish.   Parasi tes  such as the prot oan hichophrya SP.  and the copepod Satmineoh 
are  occasionally found  i n  salmon, b u t  their   effect  o u r v i v a l  IS” known 
( I .  Williams, pers. comm.). Prespawning mortali ty has  been observed irl various 
races of sockeye salmon in the  Fraser River  system (Williams and S t e l t w ,  
1971). Hoskins & Hulstein (1977) reported my:tobacterial gi l l   d isease i n  the 
Fraser  River  system. 

9 4 . . P r y  

I 
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E x i s t i n g '  
Stream 

Gates R i v e r  

Nadina  River  
Lower  Seton R i v e r  

Upper Pitt R i v e r  
Upper  Seton  River 
Weaver  Creek 

Proposed 

TAELE 4-16 

'EXISTING All0 PROPOSED SALMOIJ AFID STEELIIEAO EFIIIANCEIIEIIT FACILITIES 

. Species . 

Sockeye 
Pink 
Sockeye 
Sockeye 
Pink 
Sockeye 

Species 

. D e s c r i p t i o n  "_ _ _  
spawning  channel 
spawning  channel 
spawning  channel 
incubakion  channel 
spawning  channel 
spawning  channel 

D e s c r i p t i o n  

8 a r r i e . r e ~ R i v e r  i sockeye 

chinook 
! steelhead hatchery 

r e a r i n g   f a c i l i t y  
chinook 
steelhead 

* '~OGadrnan R i v e r  Coho r e a r i n g  Caci  1 i ty  

N i c o l a   R i v e r  '' coho 

Connients 

S t a r t  _" Area  (sq,yd.  - - ) 
1960 
1967 

1963 
1973 

13,489 
20,886 
21,639 

711 
1961 6,019 
1965 20,846 

. .  

Number 0.F F i s h  Added 

500,000 
40,000 
5,000 
2.000 

30,000 
1 5,000 
2,000 

From: Cooper,  1977 & F i s h e r i e s  & Environment Canada, F i s h e r i e s  & Marine  Service,  1977 . .  
~ 
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Lampreys (Entosphenus tridentatus) a re ' pa ra s i t i c   f i shes  which attach  to  fresh- 
water and anadromous fishes, par t icular ly  salmon and steelhead  (Hart,  1973). 
Their  effect  on the  comercial  Fraser River catch i s  not known (Hart,  1973). 
Lamprey parasitism  has been observed i n  Adams River sockeye  and i n  1967 over 
half of the  spawning adults  bore  detectable lamprey wounds result ing i n  an 
estimated  mortality  of 2% (Williams & Gilhousen,  1968). A small  sample o f  
p i n k  salmon a t  the mouth of  the  Fraser River indicated  approximately 20% had 
been subjec t   to  lamprey attack. 

A summary of human a c t i v i t i e s  i n  the  study  region i s  presented i n  Figure 4-14. 
Current  water  resource  utilization i n  terms  of  water  intakes and eff luent  
discharges  are  presented i n  Tables 4-17 and 4-18,respectively. Mines i n  the 
regional  study  area  include  Afton  (construction  near  completion), Betnlehem, 
Lornex and Craigmont.  All have water  intakes  located on the  Thompson River 
system. A p u l p  mill is  located a t  Kamloops. Municipalities on the Tlompson 
River which  remove  and discharge  water  include  Ashcroft,Cache Creek, Clinton 
and  Kanl oops. 
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figure 4.14 
AGRICULTURE AND 
INDUSTRY IN THE 
REGIONAL STUDY AREA 

legend 

A 

0 

0 

0 

A 

m 

MINE  WITH WATER INTAKE 

PULP AND PAPER MILL WITH 
WATER INTAKE AND DISCHARGE 

MUNICIPALITY OR TOWN WITH 
WATER INTAKE AND DISCHARGE 

MUNICIPALITY OR TOWN WITH 
WATER INTAKE 

LIME OUARRY 

CEMENT  PLANT 

AGRICULTURE 
L L - 4  

DATA SOURCES 
Strollp, no11 8 Asso61atos 
R.id Co(lln* Ea Assoc1at.r 
C.O.R.C. 

Brltish CoIumBIo PaUutlnm Control B r a 8  
rni9i.l W m b i e  W o t n  Rlmts Bmnrl 

B.C. HYDRC AND POWER AUTHORITY 
HAT  CREEK  PROJECT 
FISHERIES AND BENTHOS STUDY 

rL "fl, 
BEAK CONSULTANTS LIMITED 
VANCOUVER,  CLNADA. 
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TABLE 4-17 

LOCATIO11 AND VOLUNE OF NAJOR NATER INTAKES 

IN THE REGIONAL  STUDY AREA 

User 

Mines 
- Volume (m /day) 

3 

Afton construction  near  completion 
Bethlehem Copper 5679.7 

16652.1 
13.6 

," 

1. Lornex 

1 

1 

.I 
P u l p  & Paper 

Kaml oops Mi 1 1 

- Municipalities 

Ashcroft 
I 

Cache Creek 

I 

en t i r e  flow 
2446.6 
2446.6 
2446.6 
2446.6 

2446.6 
2466.6 

299737.7 
210926.5 

1817.5 
13649.3 
79560.0 

113..6 
113.6 

22202.8 

169604.7 
5906.9 

6.4 

189649.4 

4543.8 
1817.5 

4893.2 
3180.6 
2446.6 

- Location 

No Loon  Lake & One Loon L. 
Bethsaida Creek 
Peavine Creek 
Jane  Spring 
Witches Brook 
North Lodge 
Mann Cr. 
Nicholson Creek 
Ford Creek: 
Michel Creek 
Orm Creek 

Scot t ie  Creek 
Bonaparte  River 

Thompson F:i ver 
Pukaist Creek 
Pukaist Creek 
Shuhost Creek 

Woods Creek 
Bethsaida Creek 

Stumbles Creek' 
Nicola  Riber 

Stumbles Creek 

Thompson Fiver 

Thompson River 
Thompson River 

Bonaparte River 
Bonaparte  River 
Lopez Creek 
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User 

C1 i nton 
- 

Kaml oops 

TABLE 4-17 COnt'd. 

LOCATION AND VOLUME OF MAJOR WATER INTAKES 

IN THE REGIONAL  STUDY AREA 

90.9 

11 101.4 
10.9 

2271.9 
90.9 

436654.9 
336040.7 

13631.2 
44405.6 

2271.9 
2271.9 

1135.9 
1 850232.8 

2405302.6 

17268839.3 
61 67442.6 

123348.9 
123348.9 

2466977.0 

111013.9 
13631.2 

86.3 

4543. a 

4543. a 
2271 8.73 

19735816.3 

2.3 
2446.6 

Savona 4543.8 

Spences  Bridge  1817.5 
4543. a 

" 
Locat. on 

C l i n t o n  Creek 
C1 inton Creek 
C1 i nton Creek 
Clinton Creek 

South Thompson River 
South Thompson River 
South Thompson River 
South Thompson River 
South Thompson River 
South Thompson River 
South Thompson River 

North Thompson River 
S o u t h  Thompson River 

North Thompjon River 
North Thompjon River 

North Thom;on River 
North Th0mp:;on River 

Jamieson Crc?ek 
North Thomp:;on River 

Jamieson Creek 
Dairy Creek 
Da i ry Creek 
Noble Creek 

Thompson River 
McQueen River 

Thompson River 
Thompson River 

Thompson River 
Scotney Brock 
Peterson CrEek 

Kamloops  Lake 

Thompson River 
Murray  Creek 

a 
Source: 8.C.   in is try o f  Environment,  \.later  Rights Branch, 1977; ard 

Council of Forest  Industries of Brit ish Columbia, 1976. 

M 
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TABLE 4-18 

LOCATION AND VOLUME OF HAJOR  DISCHARGES 

IN THE REGIONAL  STUDY AREA 

Af ton  construction  near  completion 
Lornex recirculating 
Craigmont recirculating 
Bethlehem Copper recirculating 
Municipalities - Thompson River System 

Ashcroft  636.1 
Cache Creek 681.6 
C1 i n t o n  363.5 Bonaparte  River 
Karnl oops 9087.5 Thompson R'ver 
Savona 
Spences  Bridge 

Thompson  R.iver 
Cache  Creel: 

no discharge (sept ic   tanks)  
no discharge (sept ic   tanks)  

P u l p  & Paper 

Kaml oops Mi 11 189649.4 Thompson River 

Source: B . C .  Ministry Environment, Pollution Control  Branch, 1977. 
Council of  Forest  Industries o f  British Columbia, 1976 

a 
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4.2  OFFSITE  ENVIRONMENT 

The all weather  access  road  proposed  by B.C. Hydro  to  serve  the  plalt  site 
and station  reservoir  begins  at  the  intersection  of  Highway 1 and tie Ash- 
croft road  and crosses  the  Trachyte  Hills to the plant site  following Cornwall 
Creek,  MacLaren  Creek, and  Upper Medicine Creek.  On the  west  side  of  the 
Trachyte Hills  the  road  passes  the  plant  site  and  parallels  Hat  Creek  Valley 
at an elevation  of  approximately 914 m (3,000 Ft.) then  drops  abruptly  to 
the  valley  floor and intersects  the  Hat  Creek  road just south of Highway 12. 

Through  its  length  the  proposed  routing  will  cross  Cornwall  Creek three  times, 
make  a  single  crossing at  MacLaren  Creek  above  McLean  Lake  and  parallel  both 
streams and Upper  Medicine  Creek for variable  distances. 

The  road  also  crosses  num?rous  other  small  intermittent  tributaries  which 
drain  into  these  water  courses. At the time of the survey  none of these  small 
intermittent  tributaries  contained  measurable  flow.  Cornwall  Creek,  MacLaren 
Creek, and  Upper  Medicine  Creek all contained flow but  none  were  considered 
suitable for supporting fish populations. 

Cornwall  Creek,  the  largest  of  the  two  major  streams  crossed by the .access 
road,  originates  above  McLean  Lake and follows  a  narrow,  precipitous  course 
through a steep valley to Boston  Flats.  Stream  widths range from 0.3 to 0.5 m 
and depths 2 to 8 cm. Prevailing  bottom  substrata  are  small  rocks  and  boulders. 
Prior to entering  Boston  Flats  the  stream is dammed to provide  domestic  water 
to local  users.  Any  potential  fish  movement  above  Boston,  Flats  in ttle small 
stream  would  be  precluded by a perched  irrigation flume located  below  the 
dam. After  entering  Boston  Flats,  Cornwall  Creek  broadens  slightly (0.3 to 
0.7 m) but  remains  shallow ( 2  to 10 cm  deep) throughout  most of  its  length. 
Unstable  banks  consisting  of  sand and gravel  are  characteristic  and  little 
cover  occurs  along  the  stream  course  to  reduce  high  summer  water  temperatures. 
Overall, Cornwall  Creek  does  not  appear suitable to maintain  fishes,  however, 
the  stream  may be inhabited in its  lower reaches by small  numbers  of  #armwater 
fish  including  bridgelip  suckers and  longnose  dace. 
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The only  remaining  stream which contained , a  flow a t  the time -of t h 2  f i e ld  
survey and is  crossed by the  access road is  MacLaren Creek. One of the few 
streams which drain  into McLean Lake, t h i s  small (1.0 m wide),  shallow (4.0 
cm deep) stream  did  not appear t o  be suitable  for  maintaining even seasonal 
f i sher ies .  Both  MacLaren Creek and Cornwall Creek undoubtedly freeze  solid 
d u r i n g  winter  throughout much, i f  no t  a l l ,  of their  length. Water survey 
records of.Canada (Water Resoures Branch, 1974) for Cornwall Creek near Ash- 
crof t   ( s ta t ion  No. 08LF006) for  the period 1921 - 1931 indicate flow  ceases 
from October t o  March. 

Along the  upper,  intermittent  reaches of Medicine Creek the  access road paral- 
l e l s  bu t  does n o t  come w i t h i n  close  proximity t o  the  channel. None of the 
stream courses crossed by the  access road in the vicini ty  of the plant s i te  
contained  flow  at the time of the f i e l d  sorvey. The out le t  of Harry Lake 
was dry and appreciable  evaporation appeared t o  have reduced lake  size sub- 
s tan t ia l ly .  

4.3 HAT CREEK ENVIRONMENT 

The emphasis within  this  section of the s tudy  is  towards the  f ish and benthic 
invertebrate p o p u l a t i o n s  of Hat Creek and the physical environment ' in which 
they  reside.  Notwithstanding a local Hat Creek orientation, downstream sec- 
t ions of the Bonaparte  River  are  also  included  insofar a5 identifiable  inter-  
relationships between the two systems may exis t .  

( a )  Physical Environment 

Station  locations  are shown i n  Figure 3-2 w i t h  biological.  studies conducted 
a t  each noted. The following  observations were made t o  describe  general  char- 
ac te r i s t ics  for each station:  substrate,  bank vegetation and s t ab i l i t y ,  dep th ,  
width,   pool-riffle  ratio,   current and water  temperature. Cri ter ia  used t o  
determine  these  parameters  are described i n  Section  3.3 ( a ) .  Actual f ie ld  
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observations  are  presented .in Appendix C (Basic  Physiognonmy of Berlthos  and 
Fisheries  Sampling  Stations).  These  observations  form  one  basis  for  the  com- 
pilation o f  the  habitat  profile  of  Hat  Creek. 

(i) .Habitat  Profile 

A variety  of  habitats  was  discernible  within  the  Hat  Creek  system.  Substrate, 
f l o w  and  character  of  the  channel  and  associated  terrestrial  systerrs  varied 
along the horizontal  section o f  the  creek.  Hat Creek’s general  physiognomy 
displayed  17  habitat  complexes  designated  as A, 8, ...., and Q (Figure  4-15); 
a descriptive  account  of  each i s  presented  in Table 4-19. A helicopter  survey 
on 23 September  1976  enabled  the  procurement  of  these  data.  Supplenentary 
information  was  obtained  during  the  succeeding  two  surveys. 

(A) Canyon . .  

t Th? downstream-most & km o f  Hat  Creek  consisted o f  nine  habitat  complexes. 
This section  encompassed  a  fan  area,  varied  flows  from  slow  meandering  to 
fast and a chute  shich  exhibited  rapid  flows  with an  abundance of large  boulders. 

In six of the  nine  complexes,  riffles  were  mdst  abundant. In or,e area,  pools 
predominated and in two  areas,  pools and riffles  were  equally  abundent. In 
tnis reach of Hat  Creek there  appeared  to  be  suitable  spawning  gravel  for 
rainbow  trout in most  complexes. 

Sections F and t! were  the  only  areas  that  exhibited some degree o f  erosion. 
The  abundance of deciduous  trees,  shrubs  and  grasses  served t o  enhance  bank 
stability at  the majority  of  sites. 

The only  natural  barrier  to  fish  within  the  Canyon  area  was  the chutt?  (Section 
l), where  steep  gradients  end  rapid  currents may have  impeded  movement t o  
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TABLE 4-19 

GENEFUIL CHARACTERISTICS OF PROFILE  SECTIONS  WITHIN HAT CREEK 

PROFILE SECTION 

Parameter A B C 0 E 

KI l ometers  0.0 - 0.8 
Subs t ra tes  Cobbles,  pebbles 

Pool :Ri f f te  ( 8 ) ’  30:70 

Banks S t a b l e  

R l p a r l a n   V e g e t a t i o n  Deciduous  trees 

B a r r l e r s  - 

N o t e   S t a t l o n  5 

0.8 - 1.8 

Cobbles,  pebbles 

20:80 

S t a b l e  

shrubs 
Deci duous t rees , 

dercuts  and  under 
t Tees 

Most  pools on un- 

1.8 - 4.5 

Boulders,  cobbles 
pebbles 

20:80 

Rocky, s t a b l e  

Deciduous  trees 

Canyon-l ike. 2-5% 
c o v e r e d   b y   f a l l e n  
t r e e s  

4.5 - 4.7 

Silt, sand, 
pebbles 

go: 10 

S t a b l e  

Grasses,  shrubs 

Man made dams, 
beaver dams 

c u r r e n t   s l o w  

4.7 - 5.8 

sand, s i l t ,  
pebb les  

50: 50 

S t a b l e  

Grasses,  shrubs 

Beaver dams 

Many  dams, l a r g e  
pools 

! I n c o r p o r a t e d  i n  pool percentages  are  areas o f  deep  and  shal low slow flows. 



TABLE 4-19 Cont'd. 

GEE!ERAL CHARACTERISTICS OF PROFILE  SECTIONS  WITHIN HAT CREEK 

PROFILE SECTION 

Parameter F G H I J 

Ki lomete rs  5.8 - 6.2 6.2 - 6 . 3  6 .3  - 6.5  6.5 - 8.0 8.0 - 10.7 

Substrates Silt, pebbles, 
cobb 1 es 

P Poo1:RifFles (8)' 20:80 

o, Banks S t a b l e   w i t h  some 
I 

W 
eros ion  on  corner  
banks 

Shrubs,  deciduous 
t Tees, sedges 

R i p a r i a n  
Vege ta t i on  

B a r r i e r s  Many beaver dams 

Nole Unstable mud bank 
a t   r e f u s e   p i l e  

Boulders 

10:90 

S t a b l e  

Dec i duous 
t rees ,   shrubs  

Poss ib ly   s teep 
g r a d i e n t  

c u r r e n t  
f a s t  

Sand, cobbles  Boulders 

50:50 5:75 

Some e ros ion Rocky, s t a b l e  

Grasses,  shrubs 
shrubs 
Deciduous  trees 

Beaver dams Poss ib ly   s teep 
g r a d i e n t  

La rge   poo ls   cu r ren t  
w i t h  dams f a s t  

Sand, s i l t ,  
pebbles 

80 : 20 

S t a b l e  w i t h  some 
h i g h   u n s t a b l e  
d i r t  c l i f f s .  

Deciduous  trees, 
shrubs,  grass 

Beaver dams 

Meadow areas, 
pools  and dams 

I n c o r p o r a t e d  i n  pool   percentages  are  areas of deep and shallow slow f lows. 



TABLE 4-19 C o n t ' d .  

GENERAL CPPRACTERISTICS OF PROFILE SECTIONS WITHIN HAT  CREEK 

PROFILE SECTION 

Parameter K L M t i  0 P Q 

K i l o m e t e r  10.7 - 13.0  13.0 - i5:O 15.0 - 22.4  22.4 - 25.5 25.5 - 31.0 31.0 - 40.0 >40.0 

Subs t r a  Pes Cobbles,  sand, Sand, cobbles 
s i 1 t, boulders 

Poo l :R i . f f l e  30:70 

Banks U n s t a b l e   d i r t   S t a b l e  
(%) ' 

10:90 

I and rock  
v 
0 

R l p a r i a n  
Vege ta t i on  

Oeci  duous 
trees,  grasses  shrubs 

Grasses, 

Bar r ie rs   Beaver  dams - 
Note Many dams, 

pools,  r i f -  
some slash. 
cur ren t   s low 

f i e s ,  much b r a i d e d  and 

slash; 
down fa l l  and  marshy 

S t a t i o n  6 

Sand, cobbles, Cobbles, 
pebbles pebbles 

5:95 5:95 

U n s t a b l e   d i r t   - U n s t a b l e   s l i d -  
banks a t   i n g  banks 
upper  end 

Deciduous Small   decidu- 
t rees,   grass,  ous bushes 

Beaver dams Beaver dam 

meadow 1 i ke , 
some f a s t  

Occas iona l l y  
b r a i d i n g   o v e r  

c u r r e n t ,   f i s h   g r a v e l  fens; 
r i s i n g  i n  S t a t i o n  a 

v a r i e t y  from 
pools  , much 

meadow to f a s t  
c u r r e n t ;   S t a t i o n  7 

Silt, sand, 
pebbles, some 
cobbles 

10:90' 

R e l a t i v e l y  
s t a b l e  

Heavy  deci  du- 
ous bushes 

Beaver dams 

Much slash, 
f i s h   r i s i n g  i n  
poo ls ;  
s t a t  ion IU, 

14, 14A 
11,  12, 1 3 ,  

Sllt, sand, Sand, s i l t ,  
cobbles cobbles 

40:60 80 : 20 

R e l a t i v e l y  
s t a b l e  

R e l a t i v e l y  
s t a b l e  

Grass,  smal I Coni ferous 
t r e e s   t r e e s ,  de- 

c i duous 
shrubs  and 
t r e e s  

Beaver dams beaver  ponds- 

Marshy, f i s h  Large  pools,  

t h rough   fa rms ,   r i s i ng  
r i s ing ,   passes   marshy ,   f i sh  

a igae ,   a i ve r -  
s ion   cana ls ;  
S t a t i o n  15 

I i ncorpora ted   in   poo l   percentages   a re   a reas  o f  deep  and sha l l ow  slow f lows. 
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areas above t h i s  p o i n t .  Numerous beaver dams  and  man-made  dams were also 
present which may prevent f i s h  movement. Many of the  larger beaver dams 
created  large  pools which retarded  flows and created  extensive meanders in 
these  sections of  Hat Creek. 

( B )  Meander 

From Km 8 t o  approximately Km 22.5, a primarily meandering prof i le  existed 
in Hat Creek. Pools were abundant only  in  Section J ,  with r i f f l e   i r e a s  domin- 
ant  in the remaining  four  sections. The sections encompassed by the f i r s t  
meander consisted of so i l  banks that  were primarily unstable and lc~osely 
bound. Although deciduous  vegetation was present,  areas of steep  gradient 
precluded  the growth of s t a b i l i z i n g  f l o r a .  Beaver dams were also abundant 
i n  t h i s  area and could possibly  limit  fish movement. There appeared t o  be 
good spawning gravel  in t h i s  reach of Hat Creek. One fish,  approximately 
150 - 200 mm i n  length, was seen i n  a beaver pond approximately 4 k m  down- 
stream o f  Station 7 during  the June helicopter  survey. Other f i sh  with  lengths 
estimated a t  100 - 250 mm were observed abou t  two t o  three km downstream of 
Station 7 d u r i n g  the June f l i gh t .  

( C )  Incised and Transitional 

The incised - transit ional  sections of Hat Creek extended from approximately 
K m  22.5  t o  Km 29. Areas within this span were pr imari ly   r i f f les  w . t h  some 
small  pools. The incised  sections  consisted  principly o f  small  deciduous 
bushes with the  transitional  section  supporting dense growth of  deciduous 
bushes. An abundance o f  deadfall was also  present. There appeared t o  be 
good spawning gravel  in t h i s  reach of stream. Beaver dams located ju s t  down- 
stream of  Station 10 could possibly  limit  fish movement. Some turhidi ty  was 
noted i n  upper reaches of this  section of Hat Creek and appeared due t o  dis-  
charges from Anderson Creek. 
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( D )  Meander  and Headwaters 

From Km 29 t o  approximately Km 55 (Section P)  Hat Creek passes through  farm- 
land. Often h i g h  concentrations of algae were evident below stock  corrals 
and pasture,  suggesting some localized  nutrient  enrichment. Sand and s i l t  
was particularly abundant further upstream (Section Q) where approximately 
80 % of the system consisted of pools. Banks  were stable with  deciduous 
vegetation  gradually  giving way t o  predominantly  coniferous trees.  Large 
pools,  resulting from extensive beaver darning, were noted in upper areas 
of  Hat Creek. Many were observed t o  support fish d u r i n g  both the September 
and June helicopter  f l ights.  Good spawning gravels  occurred  intermittently 
in th i s  reach of Hat Creek. Rainbow T r o u t  spawning areas have beer1 described 
as consisting of gravel or  small rubble  in a riffle,  often  located upstream 
of a pool (Scott and Crossman,  1973; Baxter and  Simon, 1970) .  

From i t s  confluence w i t h  the Bonaparte  River t o  i t s  headwaters, Hat Creek 
exemplified both  rapid and subtle changes in  character.  Riffle  areas were 
dominant comprising  approximately 68 % of  the  system, w i t h  pools 3:; %. 
Beaver dams  were very  abundant. 

Evidence of man’s intervention i n  the Hat Creek system was limited t o  darns 
i n  the Canyon area, flumes for irrigation and the  effects of nutrient a d d i t i o n  
i n t o  freshwafer systems in  the upper sections of Hat Creek. 

Information on t W i a p a r -   d a l s o  gathered  during  helicopter  flights. 
Fish habitat appeared  very good from Station 1 upriver t o  the moutt of Hat 
Creek and consisted of r i f f l e s ,  runs and pools. Fish were observec intermitt- 
ent ly  and spawning gravel  regularly i n  t h i s  reach of r iver.  Below Station 
1 ,  the  gradient of the  river  increased and f i sh  h a b i t a t  appeared t c  be of 
lower quality. 

- ;” 

( i i )  Water Qual i ty  

Table 4-20  summarizes select-chemical  parameters  for  five  stations  in Ha: 
Creek extending from Station 14 i n  Upper  Hat Creek t o  Station 5 in Lower  Hat 
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TABLE 4-20 

WATER QUALITV FOR SELECT  PARAMETERS UlTHiN HAT CREEK 

14 10 6 5 STATIOtl 
Parameter'  Sept. 76 May 77 Sept. 76 Nay 77 Sept. 76 ICY 17 Sept. 75 May 77 Sept. 76 Hay 17 

Total  KJeldahl  Nitrogen 0.23 0.25 0.22 0.31 0.24  0.28  0.12 
Total  Orthophosphate Phosphorus 0.09 0.04 0.05  0.04 0.04 

0. I2 
0.00 

0.40 

Total A l k a l i n l t y   ( a s  CaCO,) 220  215 232 224 237 211 247 
0.06 0.05  0.02 

1'11 

Conductfvl ty '  470  500  480 510 480 480 470 - 490  540 
Suspended Sol lds 20 2 6 4 I7 E 4 1 3 
Dissolved Solids 340 341 354  347  34 6 327 333  345  359 
Dissolved Oxygen 9.5 10.5 9.8 10.2 9.: 9 .6  10.3 10.2 9.5 

" 

254  248 
8.3 8.2 8.4 8.4 8.4  8.4 8.5 8.6 8.5 

(96)' (102) (95) (101) (80) (77) (97) (100) (101) 

- .  

"" " 

unhonlcm P 25'C 
' Values In mgfl unler   olherwise  staled 

1 % r l ! , , n , i n "  
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Creek. Two sampling periods, September 1976 and May 1977, are presented. 
A comprehensive analysis of the water  quality  characteristics of Hat Creek 
is presented in a separate report - Hat Creek Project: iydrology Study. I 

I Nutrients in the  form  of  organic nitrogen and orthophosphate phosphorus ap- 

peared to be relatively  consistent between sampling periods as  well  as along 
the longitudinal axis of Hat Creek. The  exception to  this generality is 
Kjeldahl nitrogen which was 0.40 mg/l  at Station 5 in May 1977 (Table 4-20). 
Organic  nitrogen compounds include a variety o f  decomposition products ranging . 
from proteins to the methylamines. The presence of  livestock may have in- 
fluenced an accumulative effect whereby concentrations of organic nitrogen 
during run o f f  periods in spring  were highest at the  farthest downstream 
station. Throughout much of the creek valley, cattle and other livestock 
were permitted to graze. The creek periodically flows through fenced corrals 
in the Upper Hat Creek area. With the spring run off, elevated nutrient levels 
in the  system may be expected. The  relatively  dense concentrations of peri-. 
phytic algae in the vicinity of Stations 5 and 6 may be a direct result o f  
this periodic elevation in nitrogen. In certain areas of Lower Hat Creek, 
dense growths of algae were noted. The two most abundant algae were Rhizoclonium 
sp. (a green algae) and . Nostoc sp.  (a blue-green algae). Rhizoclonium 

formed long, stringy,  sometimes  rope-like strands. Nostocwhich is another 
relatively cosmopolitan algae, i s  noted for forming shelving or bracket-like 
growths on the downstream side of stones. This phenomenon was observed in 
Lower Hat Creek. Diatoms  were also recorded near Stations 5 and 6, however, 
Rhizoclonilrm and Nostoc were the most dominant genera. 

In Upper Hat Creek (Station 15), Tribonema sp.  (a golden algae) appeared in 
greatest abundance. Diatoms  were also present. Golden algae are common in 
cool springs and pools. There appeared to be  no direct relationship between 
chemical composition of the Upper Hat creek system and  algal composition. 
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1 ( b )   B i o l o g i c a l   E n v i r o n m e n t  

The. approach t o   p r e s e n t i n g   t h e   b i o l o g i c a l   c o n d i t i o n s   o f   t h e   H a t  Creek  system 

I i s   o r i e n t e d   t o w a r d s   t h e   f i s h   p o p u l a t i o n s   t h e r e i n .   B e n t h i c   i n v e r t e b r a t e s   a r e  
t h e r e f o r e   d i s c u s s e d   i n s o f a r  a; t h e i r   i m p o r t a n c e   t o   f i s h  as  food  organisms. 

In a'ddi t ion  however,   benthic  organisms, as a r e s u l t   o f   t h e i r   s e s s i l e   n a t u r e ,  
t e n d   t o   f o r m   c o m m u n i t i e s   i n   r e s p o n s e   t o   a m b i e n t   c o n d i t i o n s ,   b o t h  i n  a s p a t i a l  

and  temporal  sense.  Thus,  benthic  community  associat ions  are  discussed i n  
te rms D f  s y s t e m   d i v e r s i t y ,   c o m p l e x i t y  @d o v e r a l l   s t a b i l i t y .  

( i )   F i s h   P o p u l a t i o n s  

I 

m 

( A )  Species  Composi t ion and R e l a t i v e  Abundance 

A . l i s t   o f   f i s h   s p e c i e s  and t h e i r  numbers c o 7 l e c t e d  i n  Hat  Creek  and  the Bon- 
a p a r t e   R i v e r   s t a t i o n s   d u r i n g  September 1976, June  1977  and  August 1977 surveys 

i s . p r e s e n t e d  i n  Tab le  4-21 

Bonapar te  River  
ri 

A t o t a l   o f  273' specimens  represent ing  seven  species  were  col lectec i n   t h e  
Bonaparte  River.   Longnose  dace  were  the  dominant  species  (150  inc! iv iduals)  
f o l l o w e d  by b r i d g e l i p   s u c k e r  (66), leopard  dace ( 2 6 )  and r a i n b o w   t r o u t   ( 1 9 ) .  
Species  present  i n  s m a l l e r  numbers  were r e d s i d e   s h i n e r  ( . 6  ) mour ta in  white- 

f i s h  ( 6 ), a n d   b r o o k   t r o u t  ( 1 ). 

' I  

T o t a l   c a t c h  and  species  by  month  were 104 i n d i v i d u a l s  and seven  species i n  
September  1976, 63 i n d i v i d u a l s  and s i x   s p e c i e s  i n  June  1977,  and 106 i n d i v i d -  
u a l s  and f o u r   s p e c i e s   i n   A u g u s t  1977. The three  most   abundant   spwies  dur ing 
each  survey  were  longnose  dace  (571,  br idgel ip  sucker ( 2 6 )  and  leclpard  dace 

( E )  i n  September  1976,  longnose  dace ( 2 3 ) ,  leopard  dace  (17) and t l r i d g e l i p  
- s u c k e r   ( 9 )   i n  June  1977,  and  longnose  dace  (70),  bridgel ip  sucker  (31) and 

r a i n b o w   t r o u t  (3 )  i n  August  1977. 
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TAULE 4-21 

llAT CRCEI: - SPCClCS COEiI'fl5ITtON All!) IlCLATIVE AilllNOAlKE 

STATlOil 

. .  

"" 

Sjlecics Hon tll 1 2 3 4  
Lower Hat Creek 

5 6 7  
Uppy&Cyi?ek 

IO 14 1 4 A  15 Total 

SoZurrZi,;u:: jiintimtlth Septenber 
Brook t rout  , June 

0 0 1 0  o n 0  
0 0 0 0  0 0 0  

0 0 0 0 1 

Auqust 0 0 0 0  0 0 0  0 
0 0 

0 
0 0 0 
0 0 0 

September 5 2 0 0  29  19 19 
June 1 1 3 0  

I 38  62  30 
13 20 30 

20 2 32 

August 1 0 2 0  9 101 
: 33 31 1 3  

0 25 26 
40 

60 33 17 
197 

Mountain whi Lcfish 
I ' tvnq,iwn , . ) ; I  1 imn::otri Scptemher 0 2 2 0  

June 0 0 1 0  
0 0 0  0 1 1 0 6 
0 .  0 3 

Augur t I O 0 0  
1 0 1 0 6 

3 0 0  0 0 0 0 4 

1 ' ~ 7 l " : ~ l ~ ! ~ ~ ~ < : ~  . . . l irr.:L:, , , iU3 Se,rten,ber 7 1 2  2 5 
l;ridqel ill s u c i . ~ ~  JWW 0 O ' ) O  

I8 0 0 0 0 0 0 4 4  
0 0 0  

August 0 2 1  9 1 4 0 0  
0 0 0 
0 0 0 0 35 

0 9 

liiclt,J,.d~;onilm hal tca tus  September 0 1 0 0  0 0 0  
June 0 0 1 4  0 0 0  

0 0 0 0 1 
0 0 0 0 

0 
5 

0 0 0 

JWC 
September 2 3 1 2  0 0 0  0 0 0 0 0 

Augur t 0 1 0 0  o n 0  0 
0 0 

0 
0 
0 

0 
0 

19 
1 

Corqyarte  River 

- ---__- 

,%,7t!C, !l<,i,d,!,~,.i 
Hainbo:~ (rout 

Redside  shiner 
nugust 0 0 0 0  0 0 0  0 

Lcqmrd dace 
l l l , i8 ,~~.r , l . l>lJ::  f i 2 Z m 1 u n  

0 1 3  0 1 2 0 0  

E l t i ~ f i 4 L h ~ c  mtnnrclna September 19 12 3 2 3  
Longnose dace June 4 9 1 9  

0 0 0  0 0 0 0 57 
6 0 0  

August 4 . 4 0  2 3  3 
0 0 n 29 

0 0 , o  
0 

0 0 0 0 70 

TOTAL September 
June 8 23 15 I7 21 2n  33 30 32 14 

30 6 3  . 31 28 349 

August 6  62 34 4 15 25 26  60 33 I7 40 265 
9 291 

33  32 9 30  47 19 19 

I 
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Because of diff icul ty   in  sampling swift deep areas of the Bonaparte, numbers 
o f  f ish  col lected may not be indicative of actual numbers present. For ex- 
ample, large  f ish which appeared t o  be rainbow trout were observed  in  the 
r iver  d u r i n g  helicopter  surveys, b u t  were not collected i n  the f ie ld .  However, 
species composition i s  probably  representative of that  actually  ocw-ring 
i n  the Bonaparte. 

Hat Creek 

Hat Creek exhibited fewer species and a different order of abundance compared 
to   t he  Bonaparte  River. A t o t a l  of 632 specimens representing  five  species 
was collected i n  Hat Creek. Rainbow t r o u t  were clearly  the d o m i n a r t  species. 
.(592  individuals),  particularly upstream o f  Station 5. They  were f'ollowed 
by bridgelip  sucker ( 2 2 ) ,  mountain whitefish (10). longnose  dace ( E )  and 
. leopard  dace ( 2 ) .  

Rainbow t r o u t  were taken a t  each station d u r i n g  each survey. A to ta l  of 225 
was captured  in September 1976, 189 in June 1977, and  178 in August  1977. 
Mountain whitefish were captured a t   a l l  Hat Creek stations,  except 5 and 15, 
during the course o f  the  study. They appeared t o  be distributed t h r o u g h o u t  
most of  Hat Creek although  in much smaller numbers than rainbow trout. 

Bridgelip  sucker, longnose dace and leopard  dace, which were dominant i n  the 
Bonaparte, were taken only a t  the downstream  most station  (Station ti) in Hat 
Creek. Their  apparent  restriction t o  lower reaches of the  creek ma)' be due 
t o  factors such as  unsuitable  habitat further upstream or barriers (beaver 
dams) which prevented  migration of  these  species  further upstream. 

Hat Creek Tributaries 

W i t h i n  the study  area  tr ibutwies t o  Hat Creek appeared t o  provide l i t t l e  
suitable fish  habitat.  Electroshocking in the lower 10 m of Medicine Creek 
yielded four  rainbow trout  in September 1976, ten rainbow t r o u t  i n  June 1977, 

I 
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.and two rainbow trout in August 1977. Upstream movement of f i s h  bsyond t h i s  - 
poin t  appeared r e s t r i c t ed  by a barrier  about 2 m high. A local rancher s ta ted 
f i s h  (presumably  rainbow t r o u t )  occur  further  upstieam  in Medicine Creek. 
.Anderson and Ambusten Creeks exhibited no signs o f  f i s h   l i f e .  During the 
June 1977 and August 1977 surveys,   a l l  water had  been diverted fro3 Ambusten 
Creek fo r   i r r i ga t ion .  Finney and Unnamed Creeks exh ib i t ed   l i t t l e  or no flow 
during  each  survey and no sign of f ish  l i fe .   Overal l ,   potent ia l   f ish  habi ta t  
i n  the above t r ibu ta r i e s  appeared negligible compared t o  that   exis t ing  in  
Hat  Creek. 

I 

I -  

1111. 

.I 

Y 

I 

- Lakes 

No f i s h  were collected  in Finney Lake.  Nane were observed d u r i n g  ' /isual 
examination of shore and deeper  waters  in September 1976. A local  rancher 
s ta ted   tha t   the   l ake  was stocked i n  the past b u t  froze  solid  several  years 
l a t e r   r e su l t i ng   i n   w in te rk i l l .  B.C.  Fish and Wildljfe Branch personnel a t  

' Kamloops st'ated Finney Lake, as  well  as AleGce  Lake located  about 3 . 2  Km (2.0 
mi les )  west, have suyor t ed   f i sh   i n  the  past and would probably  again i n  

lthe future (S.J.  McDonald, pers. comm.). 

Visual  examination of  Goose/Fish Hook Lake in September 1976,,for  signs of 
f i s h   l i f e .  such  as young in  or  near  aquatic  vegetation and r i s e s  . .  o r  wakes, 
indicated no f i s h  present.  Alkzline  deposits were noted a l o n g  t h e '  shoreline. 
Subsequent  measuremmt revEa1ed a pH 07 9.9. 

(8) Density  Estimates and Topographical  Variation 

Density  estimates  for  total  numbers  of f i s h  a t  each s t a t i o n   w e  pr.esenied 
i n  Append'ix D ,  Table D-1. Densities were determined for  length of stream 
shocked (fish/m),  surface  area of stream shocked (fish/m ) and ierlgth of time 
shocked  (fish/min.). Actual  -length,  surface  area and  time ;hocked d u r i n g  
each  survey  are shown i n  Appendix D ,  Table 0-2. Trends anong stai:ions for 
each- typo of estimate  are  generally  similar  within a sampl ing  per.,od. Hwever, 
t o  avoid  bizs  resulting frcm variation  in the amount of time  nece!;sary t o  

2 

/-. 
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shock different s ta t ions (depending on their relative  ease  or  difficulty) 
and the same station  ( increased  familiari ty with station),   density  estimates 
discussed below include  only  those  for  fish/m and fish/m . These d a t a  are 
depicted  graphically  in  Figure 4-16. 

2 

Hat Creek 

Densities  for b o t h  fish/m and fish/m were generally  higher  at Upper (Stations 2 

7, 10, 14, 14A) than Lower (Stations 5, 6, 7) Hat Creek s i t e s .  During each 
sampling period,  densities  generally  increased from Station 5 upstream t o  
Stations 10 or 14, then declined or remained about the same further upstream 
through  Station 15. The low densities at  Station 15 i n  September 1976, and 
August 1977, occurred duri-ng periods when water had been diverted for i r r iga-  
t i o n .  Fish  present were concentrated i n  remaining  pools.  Densities a t  Station 
15 during June 1977, when flows  appeared  normal, are  probably most representa- 
t ive  o f  densit ies i n  this ,reach o f  stream. 

There was no pattern of consistently h i g h  or low densit ies  at  any s.:ation 
during a given month.  In September 1976, maximum densities for fisll/m (1.22) 
and fish/m  (0.26)  occurred a t  Station 14 while minimum values were noted 
a t  S t a t i o n  6 (0.26 fish/m, 0.04 fish/m ) .  In June 1977, maximum densities 2 

for fish/m  (0.75) and fish/m  (0.25)  occurred  at  Stations 10 and 15, respec- 
t ively;  m i n i m u m  densit ies d u r i n g  June occurred a i  S t a t i o n  5 (0.28 f i s h h ,  
0.04 fish/m*). In A u g u s t  1977, maximum densities were observed at  Ztation 
10 (1.32 fish/m, 0.38 fish/m ); minimum values d u r i n g  this month fo r  fish/m 
(0.13) and fish/m (0.04) occurred a t  Stations 15 and 5, respectively. 

2 

2 

2 
2 

Density  estimates  for rainbow trout in Hat Creek are  nearly  identical t o  values 
for   total   f ish  densi ty .  An exception  occurred  at  Station 5 where t rout  com- 
prised  only 62% of the catch i n  bo th  September 1976  and June 1977 a n i  53% 
o f  the catch  in August  1977. A t  s tations  further upstream, rainbow trout 
comprised 91 - 100% o f  the  catch each month .  
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Higher   dens i t i es   o f   ra inbow  t rou t   i n  Upper than Lower Hat  Creek may be r e l a t e d  
t o   t h e   v a r i e t y  and q u a l i t y   o f   h a b i t a t ;   S t a t i o n s  10, 14,  14A and 15 appeared 
t o   p r o v i d e  an abundance o f . f i s h  cover.  Stat ions 10 and 14 c o n s i s t e d   o f   i n t e r -  
m i t t e n t   p o o l  and r i f f l e  areas, as d i d   S t a t i o n  15 du r ing  normal f low  cond i t ions  
(June  1977).  Station 14A  was a beaver pond. Stat ions 6 and 7 i n  Lower Hat 

Creek   cons is ted   p r imar i l y   o f  r i f f l e s  and a few pools w i t h   l i m i t e d   f i s h  cover. 
S ta t i on  5 e x h i b i t e d   p r i m a r i l y   s h a l l o w   r i f f l e s .  

Bonaparte  River 

Densi t ies  in   the  Bonapar te  River   genera l ly   var ied between  months ani s t a t i o n s  
w i t h  no c lear   pat terns  ev ident .  The l e a s t   v a r i a t i o n   i n   d e n s i t y  OCCJrred a t  
S ta t i on  3 where values  ranged  from 0.24 - 0.63 f ish/m and 0.06 - 0.18 f ish/m 2 

dur ing  the  three  surveys. Maximum densi t ies  for   f ish/m  (0 .98)  and .Fish/m 
(0.32)  occurred  in.September 1976 a t   S t a t i o n  4. Minimum dens i t ies  ,For f i sh /m 
(0.15) and f ish/m  (0.02)  occurred i n  .August 1977 a t   S t a t i o n s  4 and 1, respec- 
t i ve l y .  

2 

2 

Longnose  dace, b r idge l ip   sucker  and leopard dace  were genera l ly   the most 
dominant  species. Rainbow t r o u t  never  comprised more than 2 M   o f   t h e   c a t c h  
a t   S t a t i o n s  2 and 3, and were no t   co l lec ted  a t  S ta t i on  4. A t  S ta t i on  1, rainbow 
t r o u t   c o n s t i t u t e d  15% o f   t h e   c a t c h   i n  September 1976, 50% i n  June 1977 and 
17% i n  August 1977. 

( i i )  Age & Growth Charac ter is t i cs  

II 

(A) Length-Frequency D i s t r i b u t i o n  

Rainbow t r o u t  

Length-frequency  histograms  of  rainbow  trout.  are  presented by s t a t i o n  and 
sampl ing   per iod   in   F igure  4-17. Data  are  presented i n   t a b u l a r  f o r m  i n  Appen- 
d i x  D Tables D-3 t o  D-5. I nd i v idua l   t o ta l   l eng ths   du r ing  each sampling  period 
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LKNGTW - FREQUENCY  HISTOGRAM FOR RAINBOW  TROUT 

loca!ion: Hat Creek and 9onaparte River  stations 
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ranged from 31 mn at   Station 15 t o  253 mm. at  Station 14A in September 1976, 
35 mm at   Station 2 t o  255 mm a t  Station 10 i n  June 1977, and 32 m at  S t a t i o n  
7 t o  241 mn a t  Station 14 in August  1977. 

The presence of small sized rainbow trout   a t  each Hat Creek s ta t ior   in  Sept- 
ember 1976, suggests spawning occurs  throughout the s t u d y  area. Scale anal-  
ys is  showed most f ish  less  than about  95 mm collected d u r i n g  t h i s  nlonth were 
young-of-the-year (1976 year-class).  Increased  lengths of t h i s  age group 
from September 1976 through June 1977 ( l e n g t h s  t o  approximately 105 m) and 
August 1977 (lengths t o  approximately 125 mm) represent growth of the 1976 
year  class over a 10 - 11 month period. Growth during t h i s  period  appears 
similar t o  t h a t  reported by Larkin et ai:,','(1957) for Rainbow Trout in  British 
Columbia lakes. The histograms do not c l ea r ly   i l l u s t r a t e  growth of  older 
age groups of f ish  in Hat Creek, except possibly for the 1975 year  class 
(age 1+ f i sh  in 1976 a age 2+ fish in  1977). 4 
The occurrence o f  f i sh   l ess  than 60 mm total  length a t  S t a t i o n s  5, .5 ,  7 and 
10 i n  August 1977, represents recruitment of the 1977 year-class t o  the  f ish- 
ery.  Scale  analyses showed these f i sh  were young-of-the-year. The absence 
of young from Stations 14, 14A and 15 in August 1977, suggests  that  in 1977 
spawning occurred  later or growth of young was less  rapid a t  these stations 
than  further 'downstream in Hat Creek. Collection of small-sized yotrng a t  
Stations 14, 14A and 15 i n  September, 1976, suggests spawning occurs i n  this 
reach o f  Hat Creek. 

A t  Bonaparte  River Stations 1,  2 and 3, young  from the 1077 year  cl iss were 
f i r s t   co l lec ted  i n  June 1977, approximately on? month ear l ie r  t h a n  i n  Hat 
Creek. These individuals are represented i n  the  histograms by specimens 
less  than 60 mm total  length.  Their ppesence indicates  that i n  1977 rainbow 
trout spawned ea r l i e r  or young  grew more quickly  in  the  river t h a n  in the 
creek. 
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Examiniation  of the histograms  reveals  that,  in  general,  larger  fish  were. . '  

better  represented and comprised a greater  proportion of the catc:?  in Upper 
(Stations 10, 14, 14A and 15)  than Lower (Sta t ions  5, 6 and 7) Hat Creek. 
This was especially  noticeable  during the September 1976  and June 1977 surveys 
The near  absence of larger trout from Bonaparte  River collections  probably 
resulted from sampling d i f f i cu l t i e s  described above. The absence  of f i sh  
larger  than 100 m at  Station 15 i n  August 1977  was probably related t o  the 
diversion of water from this  station  for  irrigation.  Therefore, length- 
frequency  distributions  for  this reach of stream are  probably  bes? repre- 
sented by those  for September 1976 or June 1977 rather  than Augus,: 1977. 

General differences  in  stream  habitat may account for  variation it; lerigth- 
'frequency  distributions of rainbow t rou t .  Upper  Hat Creek appear!; t o  .provide 
adequate r i f f le   a reas  which serve as spawning grounds for  adults (dnd nursery 
areas for young. This section  also  contains pools  with  deeper,  slower moving 
water which provide cover for  adults. Lower' Hat Creek has a re la t ively 
greater  proportion of r i f f l e s  and a lesser  proportion of pools wh.ich.may 
account-for  the predominance of small rainbow t rou t  and paucity o f  larger 
specimens.  This  area  appears t o  be  an important  nursery  area  for young, 
many of which were captured  near  the stream-edge in  shallow  water., Fhis 

-section may also be  an important spawning ground for adults  migrating up- 
stream from the Bonaparte as well as  those  resident to Lower Hat C r e e g  

./' 

(I With respect  to  previous Hat Creek investigations, B.C. Research ilnd Dolmage 
Campbell (1975) reported  that many pools and slow  moving f l a t s  i n  Hat Creek 
provide good f ish  habi ta t .  They also noted Hat Creek as exhibiting good 
rainbow t rout  spawning potential.  Potential spawning grounds ( r i f f l e   a r e a s )  
rere  observed  in Upper Hat Creek, b u t  were more numerous in  areas further 
downstream. Studies by the B.C. Fish and Wildlife Branch, KamlooFls (Holman, 
1974) on July 4 and 5, 1974, showed a good spawning area was located  in  the 

z 

I 

I general  vicin.ity or just upstream of Station 7 of this  study. Twct pajrs 
of spawning rainbow t r o u t  were also observed i n  Upper  Hat Creek. In the 

Y -. 

a 
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1974 survey,  a  total of  69 rainbow trout  w i t h  lengths from 50 - 300 mm were 
taken i n  Medicine Creek and a second t r ibutary approximately 4.8 E:m down- 
stream. Provincial  personnel concluded a good population of rainbow trout  
probably  existed  in Hat Creek. 

Mountain Whitefish 

Total lengths of mountain whitefish  collected d u r i n g  the  three  surveys ranged 
from 79 - 354 mm. Scale  analyses  revealed  ages were  from O+ t o  5+ years. 
Total  length of specimens taken i n  September 1976 were 97 and 113 mm a t  
Station 2, 103 and 109 mm at  Station 3, 177mm a t  Station 14 and  9;' mn a t  
Station 14A.  The large and small fish  captured a t  Stations 14 and 14A were 
ages 1+ and 0+, respectively. Although scale samples were not taken from 
other specimens collected  in September 1976, their  lengths  indicat.ed  they 
were age O+ f ish.  

During the June 1977 survey,  total  lengths and ages of whitefish  collected 
were 133 mm (age 1+) at   Station 3,  314 mn (age 4+),  352 mm (age 51.) and  354 
mm (age 4+) at  Station  7,.290 mm (age 4+) at   Station 10, and  116 nlm (scales 
not sampled b u t  probably age 1+) a t  Station 14A. Lengths of mount,ain white- 
fish  captured in August  were  198 mm (age 1+)  at   Station 1 and 78,  89 and 
98 m ( a l l  age 0+) a t  Station 5. The three  large  whitefish  captwed a t  
Station 7 i n  June 1977 were a l l  taken from a slow r u n  about 4 m Icing, 2 m 
wide  and 1 m deep. 

Data r e f l ec t  the general growth of the 1976 year  class  (age O+ f i sh  i n  Sept- .. ember 1976, age 1+ fish  in June 1977 and August 1977) over an approximate 

I of  79 - 98 mm) represent  recruitment of the 1977 year  class t o  t h e  fishery. 
10 t o  11 month period. The age O+ fish  captured  in August  1977 (lengths 

The age-size  relationship for mountain whitefish  collected i n  t h i s  study 
concurs  with  data  presented by Northcote ( i n  Scott and Crossman, 1973). 
Northcote a l so  reported  size  overlaps among f i sh  from older  year  classes 
similar t o  that  observed for age 4+ and 5+ fish'   in Hat Creek. 

(I 
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Brook Trout 

Total  length of the single brook trout taken a t  Station.3 i n  September 1976 
was 114 mm. Comparison  of t h i s  t o  length  ranges presented by Sc0t.t and Cross- 
m a n  (1973) indicate i t  was  an age 1+ fish.  Verification was accomplished 
by scale  analysis. Using a direct  proportion  relationship,  total  length 
of t h i s  specimen at  time of f i r s t  annulus  formation was  73 mm, a b.alue simi- 
lar t o  t h a t  for rainbow trout collected  in  this  study. 

Bridgelip Sucker 

I 

It 

U 

- 
m 

I 

Length-frequency  histograms for  bridgelip  sucker captured . i n  t h e  E’onaparte 
River  are shown in  Figure 4-18. Data are presented  in  tabular form in App- 
e n d i x  D Table  0-6. Tota l  lengths of bridgelip sucker collected in t h e  Bona- 
parte varied from 20 - 103 nun in September 1976, 121 - 184 mm i n  Lune 1977, 
and 1 4  - 74 mm in August 1977. 

Most bridgelip  suckers  captured  in September 1976 were probably young-of- 
the-year (1976 year-class),  assuming growth in  the Bonaparte is   similar t o  
t h a t  in Idaho where young attain  lengths of 40 t o  80 mm at  the  end of their  
f i r s t  summer (Scot t  and Crossman, 1973). Specimens taken in June 1977 were 
a l l  spawning adults and included one female (184 mm)  and eight males (121 : 
- 180 nun). Most f i sh  captured i n  August  1977, approximately 1.5 months after 
spawning adults had been collected, were probably young  from the  1977,year 
class.  Larger  specimens captured d u r i n g  August may have been age 1+ f i sh .  

Total  lengths o f  bridgelip  sucker  captured  in Hat Creek were 28 - 171 mn 
in September’ 1976 and 57 - 63 mm in August 1977.. None were collected  in 
June 1977. Sixteen of the 18 individuals taken  in September 1976 l a d  lengths 
of  28 - 34 mm. The two remaining specimens were a male (171 mn) a;ld female 
(160 m m ) ,  and may have spawned the  young collected a t  th i s   s ta t ion .  Lengths 
of individuals  captured  in August  1977 suggest they were  age 1+ f i jh   s inc”  
specimesn collected in September o f  the previous  year were 23 - 35 mn smaller. 

a 
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Longnose Dace 

Length-frequency  histograms for  longnose  dace collected i n  the Bonaparte 
River  are shown in Figure 4-19.  Data are  presented i n  tabular form in Appen- 

. dix D Table  D-7. Total  lengths  varied from 21 - 96 mm in Septembv 1976, 
23 - 99 nun in June 1977, and 15 - 98nm in August  1977. The 98 mm specimen 
taken i n  August  1977 was a spent  female. 

Data indicated  at  least  several  year  classes of longnose  dace were captured 
i n  the Bonaparte  each  sampling  period. Kuehn (in  Scott and Crossman, 1973) 
reported  total  lengths of longnose  dace  in  Minnesota  waters  increased from 
48 mm at  age 1 t o  99 mm at  age 5. Fish  with  lengths  less t h a n  30 mm captured 
in August were probably  young,from  the 1977 year  class. Most spe:imens with 
lengths  less than  approximately 50 mm, taken  in'  June,  probably  re~resented 
the 1976 year  class. 

Total  lengths of longnose  dace collected  at  Station 5 (Hat  Creek)  in June 
1977 were 81 - 110 nun. Four of the  six specimens were ripe  adult  males, 
indicating longnose  dace spawn in   th i s  reach of the  creek. Approximately 
75 longnose  dace  with lengths of about 30 - 40 mm were captured i l  a  seine 
haul  immediately  upstream from Station 5 i n  August  1977.  These  w'zre probably 
young-of-the-year. 

Leopard Dace 

Total  lengths of1 leopard  dace  captured i n  the Bonaparte  River were 39 - 70 
mm i n  September 1976 (8  specimens) and 30 - 69 mn in June (17  specimens). 
The single specimen taken  in August  1977 was  64 mm. Based on studies by 
Gee and Northcote ( i n  Scott  and  Crossman, 1973),  smallest fish captured i n  
September 1976 and June were probably age 2+ or 3+. 

Lengths of t w o  leopard dace collected  at Hat Creek Station 5 in h n e  1977 
were  30  and  33 mm. These  were probably age 1+ f ish.  

- 
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Redside Shiner I .. 

The single  redside  shiner  captured  in the Bonaparte River in September had 
a total  length of 81 inn. Lengths of f ive specimens  taken in the  Bonaparte 
i n  August ranged from 78 - 104 mm; a l l  were ripe  adult males. Based on 
length data presented by Scott and Crossman (1973) for   Bri t ish Columbia, 
ages of these  f ish were probably from 2+ t o  4+. 

( B )  Back-Calculated Lengths 

Lengths of various ages of rainbow trout at   scale  annulus  formation were 
determined by back-calculation and used t o  compare  growth  of different  year 
classes i n  Hat Creek. 

Rainbow t r o u t  collected  at  Stations 5, 6, 7,  10  and 14 for  scale  analyses 
were used in  calculations  since  they  represented a wide range i n  f ish  s izes .  
Linear  regression was used t o  compare fish length-scale  radius  relationships 
for September 1976, June 1977, and August  1977 (Rounsefell and Everhart, 
1966; Steel and Torrie, 1960).  Regression  lines f o r  the  three months  were: 

September: t o t a l  length ( m m )  = 4.803 + 5.855 scale  radius; 
June: total  length (m) = 0.382 + 6.297 scale  radius; and 
August to ta l  l e n g t h  (mm) - 16.738 + 5.560 scale  radius .  

Values for scale   radi i  were given i n  INII after  magnification  at 45x. Corre- 
lations between total  length and scale  radius were 0.921, 0.896 md 0.903, 
respectively, Sample sizes  for  the  three months  were 77, 97 and 81 f i sh ,  
respectively. 

Analysis of variance was used t o  t e s t  whether  a linear  regression  adequately 
described  the  relationship for each month (Steel and Torrie, 1960).  The 
simple  regression model  was found t o  describe  the dependence of length on 
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scale  radius  sufficiently  well  for all data  sets.  Analyses  of  variance 

did  not deviate  significantly  from  linearity'(September 1976: F= z.29, 

all a.01). In each case accounted for at  least 80% of  the  lensth 
variability. 

r indicated  that  the  relationship  between  scale  radius  and  total  length 

II df = 1,74; June 1977: F = 0.85, df = 1,94; August  1977:F = 4.61, df = 1,78; 

:I 

Analysis  of  variance  was  then  used  to  test  whether  the  three  regression  lines 
were  derived  from  samples  estimating  populations  which  had  equal  slopes. 
The  regre  sion  coefficients were  found to be  homogeneous ( F  = 1.5:; df = 

I 

1 2,249; <;:OS). 6 
ma 

The  three  population  regressions  were  found  to  be  identical  (equal i r- 
cepts as  well  as  slopes)  and  thus  coincide ( F  = 1.56,  df = 2,249; as,. 
Data  sets  were  thus  pooled  and  one  best  estimate  of  the  relationst,ip  between 
length and .scale  radius  obtained  was: 

* 
1 

* ,.. total  length (m) = 5.571 + 5.979 scale  radius. 

The  correlation  coefficient  was 0.908. 

Individual  total  lengths  at  each  annulus  were  detbrmined  from  measurements 
along  the  anterior  scale  radius  and  calculated by the  formula: 

where: ln = length o f  fish when  annulus "n" was  formed; 
C = correction  factor  for  length  of  fish at scale  formation  (5.571 

m) ; 
Sn = length  of  scale  from  focus  to  annulus "n"; 
5 = length  of  scale  from  focus  to  margin;  and 
1 = length of  fish at time of capture  (Ricker, 1971). 
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Mean back-calculated  total   lengths and ranges o f  a l l  ra inbow  t rou t   co l lec ted  

i n  Hat  Creek f o r   s c a l e  analyses  are shown i n  Table 4-22. Mean to1:al lengths 
a t  age 1 ind ica ted  good agreement  between year  classes. Values ranged  from 

61 mn f o r   t h e  1973 yea r   c lass   t o  69 nun f o r   t h e  1975 year  class.  Considerable 
v a r i a t i o n  was noted among ind i v idua l   l eng ths   w i th in   t he  1973-1976 year  classes 
('from  40 t o  68 mn) as compared t o   t h e  two  previous  year  classes  (variat ion 
o f  15 and 25 mm). Mean lengths   a t  age 2 were s i m i l a r  among year c'lasses, 
ranging  f rom 103 mn f o r   t h e  1973 year   c lass  to  110 mm f o r   t h e  197'1 year  class. 

Var ia t ion  among ind iv idua l   leng ths   w i th in  a year  class was from 39 t o  63 
mm. Re la t i ve ly   la rge   f luc tua t ions .   ( f rom 58 t o  62 mm) were again  noted among 
ind iv idua l   leng ths   w i th in  a year  class. Mean lengths a t  age 4 ranged f r o m  
169 mm f o r   t h e  1973 year   c lass  to  179 m f o r   t h e  1971 year  c lass.   Var iat ion 
among ind iv idua l   leng ths   w i th in  a year  class was from 50 t o  63 mm..,  Mean 
lengths  at age 5 were 193 m f o r   t h e  1972 year  class and  203 mm f o r   t h e  1971 
year   c lass.   Ind iv idual   lengths  var ied 35 mm f o r   t h e  1972 year C l i i S S  and 
44 m f o r   t h e  1971 year  class. Mean l e n g t h   o f  age 5 f ish,  the  o' ldest age 
group  col lected, was 225 mm. Ind iv idual   lengths  var ied 49 mm. 

I n  sumnary, weighted mean back-calculated  total   lengths were 64 mrl a t  age 

1, 108 m a t  age 2, 143 mm a t  age  3, 172 m a t  age 4, 197 nun a t  a!ge 5 and 

225 mm a t  age 6. The general similarity o f  mean lengths  at a given age f o r  
the  var ious  year  c lasses  suggests  factors  governing  growth'of   ra inbow  t rout  
i n  Hat  Creek have remained re la t i ve l y   cons tan t   t he   pas t   f ou r  or f.ive  years. 

Fac to rs   a f fec t i ng   va r ia t i on   i n   i nd i v idua l   g rowth   a l so  appeared t o  have r e -  
mained re la t i ve l y   cons tan t .  The wide  range in   i nd i v idua l   l eng ths  of age 
1 f i s h  suggests  that  length  dif ferences  observed i n  these and o lde r   f i sh  
may be l a r g e l y  due t o   t h e i r   b e i n g  spawned over an extended  per iod  of  t i m e  
as we l l  as va r ia t i on   i n   i nd i v idua l   g rowth   ra tes   du r ing   t he   f i r s t   yea r  o f  

l i f e .  
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TABLE 4-22 
MEAlJ BACK CALCULATED TOTAL LEllGTPlS AND RANGES FOR RAINGOU TROUT III HAT CREEK 

Annulus 
1 2  3  4 5 6 

(1976) 
I 

(1975) 
I 1  

(1 974) 
111 

( 1973) 
1v 

(1 972) 
V 

(1971) 
V I  

Weighted mean calculated 
length (mn) 

Weighted mean increment (mn) 

x 
r 
n 

x 
r 
n 

x 
r 
n 

Tc 
r 
n 

x 
n 
r 

x 
r 
n 

40-98 
63 

92 

69 109 

46  29 
45-106  82-126 

64 
43-1 1 1  

109 
.81-144 

39  39 

61 103 
39-79 88-131 
20 20 

63 1 08 
54-79 
14 

88-127 
14 

65 110 
59-74 
5 

83-130 
5 

64  108 

64 44 

108-170 
144 

27 

140 
115-173 

20 

114-172 
144 

14 

141 
106-164 

5 

143 

35 

139-198 
169 

15 

172  193 

14  9 
143-206  177-212 

179 203 
148-198 177-221 

5 5 

172  197 

29 25 

195-244 
225 

4 

225 

28 
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Comparison of the above age-length  data  to  values  for British Columbia lakes 
(Larkin et  a2,,1957)  indicates  that Hat Creek fish age 2 and older are rela- 
t ive ly  slow-growing. However, there is no indication  that  they may be stunted. 
Growth ra tes  of rainbow t r o u t  in Hat Creek may well be typical of similar- 
sized  streams in interior  Brit ish Columbia. 

Back-calculated  lengths of male and female rainbow trout  collectec i n  Hat 
Creek were also determined and  compared for growth differences. Pean to ta l  
lengths and ranges  are.presented  in  Tables 4-23 (males) and  4-24 (females). 
The correction  factor 5.571 mn, which  was used t o  back-calculate  lengths 
of total  fish  (Table  4-22), was used t o  determine  lengths for each sex. 
This  value was f e l t  t o  best estimate the correcfion  factor  for males and 
females  since i t  was derived from fish  representing a wide length-range. 

Wcighted'mean lengths of  male rainbow t rout  were slightly  greater  than  those 
fo r  females o f  the same age. The oldest  female was age 5 and the oldest 
male age 6. 

Weighted mean back-calculated lengths and ranges  for  various age gvoups of 

rainbow trout  collected i n  Hat Creek are  presented by station  in Tilble 4- 
25. The correction  factor 5.571 was used t o  determine f i sh  length a t  annulus 
formation. For purposes of comparison,  weighted mean back-calculated  lengths 
of male, female and a l l  rainbow trout (including juveniles) are  also shown 
i n  Table 4-25. 

Mean lengths a t  age 1 were similar among stations,  ranging from 60 mn a t  
Station 6 t o  68 ma at  Station 14. Lengths a t  age 2 were also  similar and 
varied from 105 nun at  Station 10 t o  113 mm a t  Station 5. Lengths of age 
3 and 4 fish  varied more among s ta t ions t h a n  for younger f i sh ,  and vere 
s l i gh t ly  greater in Lower than Upper Hat Creek. For age 3 f i sh ,  me,m lengths 
were from 149 - 162 ma a t  Stations 5 - 7 and  132 and 147 m at  Stations 10 
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TABLE 4-23 

flEAH BACK  CALCULATED  TOTAL  LENGTHS AND RA!.IGES FOR MALE RAINBOW TROUT IN HAT CREEK 

P 

, 
Y) 
u1 

Annulus 
1 2 3 4 5 6 

(1  976) 
I 

(1  975) 
I I  

(1  974) 
111 

(1  973) 
I V  

(1972) 
V 

(1971 ) 
VI 

x 
r 
n 

x 
r 
n 

K 
r 
n 

x 
r 
n 

x 
r 
n 

x 
r 
n 

Weighted mean ca l cu la ted  
length  (nm) 

Weighted mean increment (mn) 

72 
54-98 

3 

71 
49-96 

11 

67 

15 

62 

6 

55-79 
66 

6 

63 
59-74 

4 

43-1 11 

45-72 

67 

67 

114 
108-121 

7 

112 
91-138 

15 

104 

6 

111 
92-127 

6 

108 
83-130 

4 

90-117 

111 

44 

127-165 
146 

12 

138 

6 

148 

6 

141 
106-164 

4 

144 

33 

117-154 

114-172 

140-185 
169 

6 

174 195 

6  6 
143-202 186-212 

178 205 225 
148-198 177-221  195-244 

4 4  4 

173  200  225 

29 27 25 
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TABLE 4-24 

tlEAN BACK CALCULATED  TOTAL  LENGTHS AND RANGES FOR  FEMALE RAINOOW TROUT IN HAT CREEK 

Age Annulus 
('fear  Class) 1 ' 2 .  3 ' 4  5 

(1 976) 
I 

(1 975) 
I1 

(1974) 
111 

(1973) 
IV 

(1 972) 
\I 

Weighted mean ca lcu la ted  
l eng th  (mm) 

x 
n 
r 

x- 
r 
n .  

x 
r 

74  
60-91 

7 

68 113 

14 14 
48-97 102-126 

45-100 
65 

82-144 
110 

n 13 13 

TT 59 106 
r 39-79 '91-131 
n 11 11 

x 
n 
r 54-69 

59 

6 

107 
88-1 27 

6 

65 109 

Weighted mean increment (mm) 65 44 

108-163 
141 

11 

146 
125-173 

11 

143 

6 
114-162 

143 

34 

139-198 
171 

168  195 
145-183  191-203 

6 4 

170 195 

27 25 



TABLE 4-25 

WEIGHTED MEAN BACK CALCULATED .TOTAL LENGTHS OF MALE, FEMALE AND AI  
Ill IIAT CREEK 

I I I I L 

.L RAINBOW TROUT 

Annulus 
Category  1  2  3  4  .5  6 

- - 

LOWER 
HAT 

CREEK 

UPPER 

CREEK 
HAT 

Males 

Females 

All Fish 
( inclydin 

S ta t ion  5 

S ta t ion  6 

S ta t ion  7 

S ta t ion  10 

S ta t ion  14 

uveni 1 

Ti 

n 
r 

si 
r 
n 

x 
n 
r 

X 
r 
n 

x 
r 
n 

x 
Ti 

X 

- 

(50-79) 
65 

19 

60 
(39-82) 

37 

62 

50 

66 
(43-111) 

54 

68 

56 

67 

65 

(41 -91 ) 

(41-100) 

64 

113 162 
(102-124) - 

3  1 

108  149  183 
(94-120)  (127-170) 

13 7 1 
- 

112  152 194. 
(81-136) (135-165) (190-198) 

22 7 2 

105 1 32 164 1  93 221 
(82-138) (106-107) (139-202) (177-221) (195-244 

35 22 14 7 3 

110 147 175  200 237 
(82-144)  (115-173)  (145-206)  (191-217) 

34 29 17  7 1 
- 

111  144 172 2 00 225 

1 09 143 170  195 - 

108  143  172  197 225 

m 

u 
ml r 
m 
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and 14. For  age 4 f i sh ,  mean lengths were 183  and 194 mm at  Stations 6 and 
7, and 164 and 175 .m at  Stations 10 and 14.. Age 5 and 6 f i sh  were collected 
only  in Upper  Hat Creek. Mean lengths  for bo th  age groups were gr,eater  at 
Station 14 than 10, as  they were for younger fish.  

The generally  smaller mean lengths of older-age fish  in Upper tharl Lower 
Hat  Creek  and at  Station 10 compared to  Station 14 appears inversely  related 
t o  fish densities.  Densities were almost always higher  in Upper than Lower 
Hat Creek, a n d  Station 10 exhibited some of the  highest  densities measured 
during  the  study. This suggests some factor such as  food,  space  or cover 
may slightly  l imit   the growth of rainbow trout in Upper Hat Creek,, particu- 
larly  at   Station 10. Other factors,  possibly  the  overall  quality and quan-  
t i t y  of f ish  habitat  could  favor  the abundance  of older age f i sh  .In Upper 
Hat Creek  and limits i t  i n  Lower  Hat Creek. Angling pressure could  poss- 
ibly account for  the  relatively low numbers of larger - sized  fish in Lower 
Hat Creek. However, no fishermen were observed  during the survey:;. I t   i s  
suspected  that  angling does n o t  exert  control over population  strlrcture in 
Lower. Hat Creek. 

( C )  Observed Lengths 

Mean observed total  lengths of  rainbow t r o u t  collected'for  scale analyses 
in Hat Creek are  presented by station and sampling period  in Table 4-26. 
Detailed  data  including means, ranges and sample sizes  are  listed i n  Appendix 
D Tables D-8 t o  D-10. 

Data  on observed total  lengths show the same trends, such as  length  variation 
among stations and among f i sh  from the same year class,  as d i d  back-calculated 
lengths. They do, however, provide  additional  information on f ish growth 
within a year. Mean observed lengths among stations  are  plotted by month 

. i n  Figure 4-20.  Year classes have  been plotted  successively  to  illustrate 
a general growth curve for rainbow trout  in Hat Creek. This assumes growth 
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TABLE 4-26 

MEAN  OBSERVED  TOTAL  LENGTHS  OF  RAINBOW  TROUT I N  HAT  CREEK 

Age 
Lower Hat  Creek  Upper  Hat  Creek 

(Year Class)' Month Sta t ion  5 Sta t ion  6 S t a t i o n  7 Sta t ion  10 S t a t i o n  14 Mean 
- 

(1977) 
o+ 

(1 976) 
1+ 

(1 975) 
2+ 

( 1  974) 
3+ 

(1 973) 
4+ 

(1972) 
5+ 

6+ 
(1971) 

S2 2 

J 
A 

S 
J 
A 

134(1 
133(1 

- 

J 
A 18;(1) 

110(5) 
126(  7) 
149(3) 

2 

3h7) 

841471 

67  (37) 

80 45 

112(17) 

144(12) 
157(15) 
177( 11) 

162t5) 187 7) 
198( 3) 

~- 
210(1) 
232(4) 

' Fish spawned i l l  1977 dcnoteti as  age O+. i n  1876 as age 1+. e t c .  
2 1977 year class n o t   y e t  i n  existencc in Septekiber 197G 
3 n - sample s i z e  



AGE OF FISH AND  MONTH OF CAPTURE 

location: Hat C m k  

paricds: Septembar 28-x) ,  1976; June 14-16, 1977; August 3-5, 1977 
Age at annulus  formation ( 1-6) corresponds to bock-calculated  lengths. 

Month of capture (J=June; A=Auguot; S=Septemkr)  componds to 

observed lengths. 

figure 4 20 
GROWTH CURVES FOR RAINBOW TROUT 
IN HAT CREEK 
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among f i sh  from different  year  classes, b u t  of the same age, i s  constant. 
Data on back-calculated  lengths  indicate  this is the  case. 

Weighted mean back-calculated  lengths  are  also p lo t ted  in  Figure 4-20. Scale 
analyses  indicated  annuli formed about May or  early June. Lengths a t  annulus 
formation were therefore  plotted  against  the month of June for each age group. 
Estimated  time of spawning (about mid-June to  late  July) and emergence of 
young (approximately August)  are noted i n  Figure 4-20. 

The two growth curves  follow  the same pattern. The small correction  factor 
(5.571 mn), which is  theoretical   f ish  length a t  scale  formation, may account 
for  back-calculated  lengths being less than  observed lengths. A cor-ection 
factor  of 15 or 20 mm i s  probably more representative of actual  fish  length 
a t  scale  formation and would result  in  nearly  identical  curves. 

(0) Population  Estimates 

Population  estimates  for rainbow trout i n  Hat Creek  were determined 'from dens- 
i t y  (number  of fish/m of stream  electroshocked) at  Stations 5, 6, 7, 10, 14, 
14A and 15, and the  length of stream each s ta t ion appeared t o  represent. 
Estimates were.made for each survey.  Sections of stream  characterized by 
each. s ta t ion are l isted  in Table 4-27. Estimates were not  made for .:he  Bona- 
par te  River because of sampling d i f f i cu l t i e s  described above. 

In order t o  estimate  population  size  for  various  fish  lengths,  length  frequency 
distributions  at  each s ta t ion sampled d u r i n g  each survey were de t edned   fo r  
class  intervals 0 - 100, 101 - 150, 151 - 200, 201 - 250, and 250 nnn (Table 
4-28). Because habitat   at   Stations 14 (free-flowing  stream) and 14A (beaver 
pond) represented  conditions f o u n d  in one section of Upper Hat Creek,, d a t a  
for these  s i tes  were  combined and treated  as  single  rather than separate samples. 
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TABLE 4-27. 

SECTIONS OF HAT CREEK 

CHARACTERIZED BY VARIOUS  STATIONS 

Stream  Section’ 

0 - 8.0 
8.0 - 22.4 
22.4 - 25.5 
25.5 - 30.0 
30.0 - 39.0 
39.0 - 41.0 

Kilometers from Hat Creek - Bonaparte  River  confluence 
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TABLE 4-28 

LENGTH-FREQUENCY DISTRIBUTIONS (%) FOR RAINBOW  TROUT 

Month and Lower Hat  Creek  Upper  Hat  Creek 

Length  In terval  (mn) Sta t ion  5 Sta t ion  6 Sta t ion  7 S t a t i o n  10 Sta t ions  14 & 14A Sta t ion  15 

September 1976 

0-100 
101-150 

201  -250 
151  -200 

'250 

June 1977 

0-100 
101-150 

201 -250 
151  -200 

0 >250 

August 1977 

P 

I 

W 

0-100 
101-150 

201  -250 
151  -200 

>250 

100.0 89.5 36.8 47.3 - 10.5 57.9 36.8 - - 5.3 10.5 - 5.3 - - 
- - - - 

61.5 67.9 50.0 15.2 
38.5 17.9 36.7 57.6 - 10.7 13.3 12.1 

37.5 32.0 38.5 31.7 
50.0 48.0 
12.5  16.0 

38.5 41.7 
15.3  21.6 

- 4.0 7 .-I 5.0 
- - - - 

28.3  32.2 
47.8  28.6 
15.2  21.4 
7 6  17.8 
1.1 - 

26.7 
42.2 
26.7 

4 . 4  - 

26.0 
38.0 
30.0 

6.0 
- 

20.0 
25.0 
42.5 
12.5 - 



Population  estimates were made according to  the  equation: 
1. 

N . = D x  L X  S 

where: D = density  at  a particular  station; 
L = length of ,stream that   s ta t ion  typif ies ;  and 
S = proportion o f  f ish  in  a given  length  category  at  ti-at  station. 

This  equation was derived  for  the  present  study and makes the follclwing 
assumptions: 

1 )  densi t ies  and size  class  structures  are  'constant  within-  that  Flortion 
of stream  typified by a given s ta t ion;  

. 2) stream habi ta t   i s  comparable within t h a t  portion of stream  tyrlified by 
a given s ta t ion ;  and 1. 

p 
3)  a l l  fish present  in  the  area samplefwere captured. 

The above assumptions  are n o t  ent i re ly   val id  for al l   s ize   c lasses  of f i sh .  
Cield  observations  indicated  approximately 10-2M of f i sh   l ess  tharl 100 mm 
in  length were n o t  captured, and therefore  resulted  in  under-estimiltes of 
population  sizes  for  this'  length  category.  Population  estimates ftir larger 
f i sh  may also be low, although field  observations  indicated  very few f i sh  
larger  than 100 m escaped- capture. 

. .  

Population  estimates in those  reaches of  Hat Creek typified by Stations 5 
and 6 may be less  accurate.  than  for  areas  further upstream. Station 5, and 
in  particular  Station 6 were located  in  reaches o f  Hat Creek which contained 
a variety of  habitats.  Therefore,  densities  at  these  stations may n o t  be 
ent i re ly , representat ive o f  their  respective.reaches of stream. 

Population  .estimates by s ta t ion and size  clas;  during each survey  are  pre- 
sented  in T a b l e  4-29. Total  population  size  for rainbow t r o u t  in  tiat Creek 
-during the three  surveys was estimated a t  22,851 in September 1976:. 17,782 

. .  
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Month and larcr llat Crcck* Upjer llut Creck' 
Length Interval (m) 0 - 0.0 8.0 - 22.4 22.4 - 25.5 . 25.5 - 30.0 10.0 - 39.0  39.0 - 41.0 TOTAL 

Scptczrbcr I976 

101-150 
0-100 

::1-200 
201-250 

,250 

TOlAL 

June 1917 

101-150 
0-100 

201-250 
151-200 

,250 

TOTAL 

August 1911 

101-150 
0-100 

101-250 
151 -200 

,250 

TOTAL 

3,144 

3.715 
979 
509 
I 92  

5.472 

1.561 
2.350 

196 
703 

- 
800 4.096 

I Klloneterr from Ilat Creck - Oonaparte River confluence 

319 
502 
46 

1.708 
1,391 

401 

690 499 
512 1.093 
105 390 

90 
2x1 

690 499 
512 
105 

1.093 
390 
mn ." 

90 

465 1,003 
I t 5  2.417 

1.203 
94 291 

1 s  

2.903 
5.038 
1.602 

001 
116 

10.540' 
i_ 

1 .I10 
2.165 
1.310 

225 - - 
5.130 

1.498 
2.109 
I . I20 

345 - - 
. 5,760 

258 -- 
220 

11,819 

111 
' 1.552 

112 
2,220 
1.144 - 116 

799 22.051 
A - 

220 
205 

-7,346 

404 
6.358 
3,023 

I42 351- 
98 

1.139 17.782 
~ - 
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i n  June  1977 and 18,945 i n  August 1977. About 35 - 45% o f   t h e   t o t a l  number 
dur ing  each survey  occurred i n  Lower H a t  Creek, an area  which  comprised  about 

60% o f   t he   l eng th   o f   Ha t  Creek. 

Populat ion  est imates  for   ra inbow  t rout   greater  than 150 nun were 3.480 i n  
September 1976,  4.078 i n  June 1977, and 5,021 i n  August 1977. Only  approx- 

ima te l y  1% o f   f i s h   g r e a t e r   t h a n  150 mm occurred i n  Lower Hat Creek i n  September 
1976. Th is   f igure   inc reased  to   about  25% i n  both June 1977 and August 1977. 

Overal l ,   s ize  c lasses were better  represented 
per u n i t   l e n g t h   o f  stream i n  Upper than Lower 
f i s h e r y  appears t o   e x i s t  

( i i i )  Condi t ion 

i n  both  areas  of  the 

& Body S t a t i s t i c s  

and population  estimates  higher 
H a t  Creek. However, a v iab le  
creek . 

(A) Condit ion  Factor 

The body cond i t i on   o f   ra inbow  t rou t  were computed us ing  the  funct ion:  
5 

K .= 10 w - 
L 

3 

where: = Condi t ion  factor ;  . . .  

w = weight i n  g; and 
L = length i n  mn. 

The condi t ion  factor   prov ides a measure o f   t h e   r e l a t i v e  plumpness 01' f i s h .  
Comparison o f   c o n d i t i o n   f a c t o r s   f o r   r a i n b o w   t r o u t  between s ta t i ons  and between 
sampling  periods  provides one i n d i c a t i o n  o f  the  robustness  or  well-tleing o f  

i n d i v i d u a l s   i n  a temporal and s p a t i a l  framework. 

Means and ranges f o r   c o n d i t i o n   f a c t o r s   o f   r a i n b o w   t r o u t  a t  e x h   s t a t i o n   d u r i n g  
each sampling  period  are shown i n  Appendix 0 Table 0-11. To minimize any 

f i s h - s i z e  e f f e c t s ,  values were determined far length  size  classes of less 
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than 100 mn and greater   than 100 mm. Mean values  for  both  size  groups of 
f i s h   a r e  shown in  Figure 4-21. 

Mean condi t ion   fac tors  of rainbow t r o u t  were usual ly  less than 1.00. Examina- 
t i o n  of  specimens a t   t ime  o f  co l l ec t ion  showed most  were i n  good condition 
w i t h  f e w  appearing  emaciated. 

For fish less   than 100 mm, mean condition  factors  ranged from  0.29 a t   S t a t i o n  
15 i n  September 1976 t o  1.23 a t   S t a t i o n  15 i n  June  1977; individual   condi t ion 
f a c t o r s   f o r   f i s h   o f  this  s ize   var ied  from 0.13 a t   S t a t i o n  15 i n  September 
1976 t o  1.81 a t   S t a t i o n  15 i n  June  1977.  For f i sh   g rea t e r   t han  100 m, mean 
condition  factors  ranged from  0.70 a t   S t a t i o n  6 i n  September 1976 t o  1.09 
a t   S t a t i o n  3 i n  August  1977; individual   values   for  f i sh  greater  than 100 mm 
varied from  0.66 a t   S t a t i o n  6 i n  September 1976 and Sta t ion  14 i n  June 1977 
t o  1.45 a t   S t a t i o n   7 . i n  June  1977. 

In Upper Hat Creek (S ta t ions  10, 14, 14A and 15) mean condi t ion f a c t m   f o r  
rainbow  trout less than 100 mm were genera l ly  highest i n  June 1977, in te r -  
mediate i n  August  1977, and lowest i n  September  1976.  In Lower Hat :reek 
(S ta t ions  5, 6 and 7),   values were highest  in  June 1977 o r  September 1976 
and. lowest  i n  August  1977. The only month i n  which a ' t r e n d  was apparent 
occurred i n  August 1977 when values   general ly   increased from Sta t ion  5 up- 
s t ream  to   S ta t ion  15. In  the  Bonaparte  River, mean condition  factor:;  for 
t rout   l ess   than  100 mm were within the range  of  values  reported  for Iiat Creek. 

The extremely l o w  condi t ion   fac tors  for rainbow t rout   l ess   than  100 nm a t  
S ta t ion  15 i n  September  1976 may have been r e l a t ed  t o  the   d ivers ion  of water 
f o r   i r r i g a t i o n .  Fish were concentrated i n  remaining  pools and may have suf- 
f e red  a l imited  food  supply,   especial ly   s ince  larger  f ish (greater   than 100 
m m )  were a l so   p resent .  In addition,  the  presence  of  larger f ish may have 
caused  small f ish t o  spend less   t ime  searching  for   food and more time  avoiding 
possible   predat ion,  thus con t r ibu t ing   t o   t he  low condi t ion   fac tor .  September 
1976 condi t ions were i n  c o n t r a s t   t o   t h o s e  i n  June  1977, when flows  appeared 
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figure 4.21 
MEAN CONDITION FACTORS  FOR  RAINBOW TROUT 
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normal, and August 1977, when water had  been diverted b u t  only  small f ish 
were present. I 

Mean condition  factors  for  trout  greater t h a n  100 nun were similar rmong Hat 
Creek s tat ions in June 1977  and August 1977.  Values were s l igh t ly  higher 
a t  Stations 14, 14A and 15 t h a n  Stations 6, 7 and 10 in September 1976  and 
suggests s l igh t ly   be t te r  growth conditions  at upstream stations during th i s  
month. The higher  condition  factors  at  Stations 6, 7 and 10 in June 1977 
and August 1977 than September 1976 may reflect  the  increased weight of gonads 
during months nearest spawning (approximately June - July).  This relation- 
ship was no t  apparent  at  stations  further upstream. Mean condition  factors 
for trout  greater t h a n  100 nun in  the Bonaparte  River were s l i g h t l y  higher 
than  those i n  Hat Creek. 

Mean condition  factors for rainbow t rout   l ess  than 100 mm varied more than 
for   larger   f ish.  This may re f lec t  an inherent  variation in the length-weight 
relationship of f ish  unt i l   they  a t ta in  some larger  size.   I t   suggests  that  
the growth or condition of smaller  fish may  be  more sensit ive t o  variation 
i n  the diversity and quantity of available food  than larger  fish. 

I ( 6 )  Length-Weight Relationship 

.. for   f i sh   l ess  than and greater than 100 m t o t a l  length  collected  during each 
The length-weight  relationship of rainbow t r o u t  i n  Hat Creek was de-:ermined 

sampling period. A l l  t r o u t  captured a t  Hat Creek s ta t ions were  used i n  the 
analysis.  Differentiation was  made according to   f i sh   s i ze  t o  allow for the 
possibi l i ty  of any inherent  differences i n  length-weight  relationshlps between 
small and large  f ish.   Differentiation was  made  among sampling periods t o  
determine i f  seasonal changes resulting from factors such as  increased weight 
of ovaries and tes tes  near time of  spawning or increased f i s h  weight during 

- 
a 

I) maximum growth periods  occurred. 

.I 
- .  

m 
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The  length-weight  relationship has  been  described by the  formula: 

log  weight (9) = log a + b logelength (mn) 

where:  Log a = Y-intercept;  and 
b = regression  coefficient  (Ricker, 1971). 

After  logarithmic  transformation of length-weight  data, a linear  regression 
was  performed to evaluate  this  relationship  for Hat  Creek  fish.  RE,gression 
lines,  correlation  coefficients  and  sample  sizes  for  each  size  category of 
fish  during  each  sampling  period  are  presented  in  Table 4-30. 

Analysis  of  variance  (Steel  and  Torrie, 1960) showed  the  simple  linear  regress- 
ion  model  described  the  dependence of  weight  on  length  sufficiently  well  for 
four of  the  si.x data  sets.  The  values  for  each were as follows  (significant 
P values  indicates  that  the  relationship  between  weight  and  length  deviates 
from linearity): 

Date 

September 1976 
September 1976 
June  1977 
June 1977 
August 1977 
August  1977 

- Fish  Length (mm) - F Degrees  of  Freedom 

5 100 18.826** : 1, 103 
> 100 0.250 1, 116 
I 100 1.000 1, 64 
> 100 0.000 1, 119 
I 100 18.700* 1, 59 
> 100 0.500 1, -113 

*'p 5 .Q.O1 

4 - 110 



m I 

e 
I 

.d 

d 

d 

Fish  Length (mn) 
Month  and 

Septenlber 1976 

- < 100 
> 100 

June 1977 

- < 100 
> 100 

August 1977 

- < 100 
100 

TABLE 4-30 

LENGTH4IEIGHT  RELRTIO1ISHIPS.FOR  RAINBO1.I TROUT: 

REGRESSION LINES, CORRELATION  COEFFICIENTS AND SAMPLE SIZES 
1 

Regression  Line 

Log weight = -5.906 + 3.437 l o g   l e n g t h  
Log weight = -5.907 + 3.022 l o g   l e n g t h  

Log weight = -4.883 + 2.930 l o g   l e n g t h  
Log weight = -4.872 + 2.933 l o g   l e n g t h  

1 
Lengths  measured  on t o t a l   l e n g t h  

Log weight = -5.941 + 3.468 l o g   l e n g t h  
Log weight = 5.020 + 2.990 l o g   l e n g t h  

Cor re la t i on  
C o e f f i c i e n t  

0.93 
0.98 

0;95 
0.99 

0.97 
0.99 

Sample 
Size - 

106 
119 

67 
122 

116 
62 
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Examination  of  the  September 1976 - 100 nun data  revealed  that  the  weight 
of  fish less  than approximately 50 m in  length  tended  to  vary  greatly and 
was not  adequately  described by a  straight line.  The  linear regression, 
however,  accounted  for at  least 86% of the  weight  variability in both  cases. 

Analysis  of  the  three  regression  lines  for  fish  less  than 100 mm showed  sig- 
nificant  differences in the slopes of  the  regression  lines ( F  = 3.2; df = 
2,229; p i  0.05). Consequently  data  sets  were  not  pooled. 

Analyses  of  variance  was  then  used  to  test  whether  the  regression  lines  for 
fish  greater  than 100 m were  derived from samples  estimating  populations 
among  which  the  slopes  were  equal.  The  regression  coefficients  were  found 
.to be homogeneous ( F = 1.18, df = 2,351; p > 0.05). While  the  slopes  of 
the  regression  lines  were  found to be  identical,  the  intercept  of  th?  lines 
with  the Y axis  were  found  to be  unequal  (the  linear  regressions  havt  different 
evaluations) and therefore do  not  coincide ( F = 13.20; df = 2,351; D < 0.05). 
The  data  sets  were  not  pooled. 

- 

The  nearness  of  all  slopes  to 3.0 indicates  growth of rainbow  trout in Hat 
Creek i s  generally  synmetrical.  Regression  lines  with  slopes  greate:"  than 
3.0 indicate-fish become  heavier  per  unit  length  as  they  grow  larger.  Great- 
est  increase in weight  per unit length  increase was exhibited by those  fish 
which  comprised  regression  lines  with  the  greatest  (steepest) slopes. 

(C)  Spawning Time and  Sex  Ratios 

Rainbow  Trout 

Examination o f  gonads  indicated  that in 1977 rainbow  trout in  Hat  Creek  spauned 
primarily  between  mid-June  and  late July. Collection  of  sexually  mature 
fish at  all  stations  indicated  spawning  occurred  the  length of Hat  Creek. 
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During  the  June 1977 survey,  ovaries and  testes  appeared  to  be  developing. 
During,  the  August 1977 survey,  most  sexually  mature  fish  were  spent.  Water 
temperatures at  most  Hat  Creek  stations  were  about 10-12°C in June  aqd 11- 
14OC in August 1977. These  ranges  correspond  roughly  to  preferred s~awn- 
ing  temperature  of 10-15.5°C (Scott  and  Crossman, 1973). Examination of 
fish  during the September 1976 survey  showed  sex  of  most  was  indist,inguish-' 
able  and indicates  spawning  occurred  considerably  earlier. 

During  June 1977, ovaries of  most  females did not  appear fully developed 
and  ova were  consistently  small  (approximately 1 m diameter). Three  females 
with  lengths  of 198 - 211 mn which  were  captured  at  Station 14 appeared  closest 
to  spawning.  Each  contained  about 300 - 400 eggs.  Although  the  eggs  were 
still  connected by interstitial  tissue,  their  size  (about 2 - 3 mm diameter) 
indicated  these  fish  would  soon  spawn.  Scott and Crossman (1973) reported 
mature  ova  are 3 - 5'mm diameter.  About half the  males  collected  during 
June  1977  exuded  milt  when  slight  pressure  was  applied  to  the  abdomen.  Testes 
of the  rest  did  not  appear  fully  developed. 

. .  

Most  sexually  mature  rainbow  trout  captured in August 1977 were  spent.  Ovaries 
of  many  females  were  flaccid  and  contained  granular  particles < 1 mn diameter. 
Several  females  contained  eggs  about '3 - 4 mm diameter  which  had  not ibeen 
discharged  during  spawning.  Testes of most  males  had  diminished  in  size, 
although  several  specimens  exuded  milt  when  pressure  was  applied t o  the  abdo- 
men. 

Some  large  sized  rainbow  trout ( >  150 mn) captured  in  August 1977 whic:h  would 
have  been  expected t o  spawn  appeared  not to have  spawned.  Ovaries  were  small 
and thread-like, and contained no  granular  material  usually  present  after 
spawning.  Testes  were  similarly of  small  size.. I t  is"a1so possible'these 
fish  spawned  considerably  earlier  than  most  with  enough  time  passing  between 
spawning and actual  collection  that  their  gonads  would  not  indicate  this. 
The  possibility  of  extended  spawning in Hat  Creek  could  account  for  length 
differences  observed  among  young-of-the-year  rainbow  trout. 
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Numbers and length ranges of sexually  mature male and female  rainbow  trout 
captured at Hat Creek stations during June 1977 and August 1977 are presented 
in Table 4-31. The  smallest male was 110 mm and the  smallest female 121 mn 
Youngest fish for both sexes were age 1+, although sexually  mature  fish of 
this age were uncommon. Sex  ratios (ma1es:females)  at  each station appeared 
relatively even. 

Mountain Whitefish 

Three sexually mature  female mountain whitefish were captured at Station 
7 in June 1977. Lengths and ages were 314 mm (age 4+), 352 mm (age 5+) and 
354 mm (age 4+). One sexually  mature male (290 mm, age 4+) was captured 
at Station 10 in June 1977. Examination of gonads indicated all would spawn 
during Fall. One male whitefish (133 mm, age 1+) captured at Station 3 in 
June 1977 did not appear sexually mature. In the Okanagan system, mountain 
whitefish  spawn  near mid-November (Carl et al.,1973). 

Brook Trout 

The brook trout taken at Station 3 in September 1977 was immature. Its length 
was 114 mm  and age l+. 

Bridgelip Sucker 

Sexually  mature bridgelip suckers were collected at Station 3 in June 1977, 
and included one female (184 mm) and eight males (121 - 180 mm). They were 
taken over a gravel substrate in swift water approximately 0.5 m deep. Milt 
wzs exuded from males and roe  from the female when slight pressure wa:; applied 
to the abdomen. Carl e t  aZ., (1973) reported collecting ripe bridgelip 
sucker north of Prince  George in June 1977. 
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TABLE 4-31 

NUMBERS  AND LENGTH RANGES (m) 

OF SEXUALLY NATURE RAINBOW TROUT 

S t a t i o n  6 S t a t i o n  - 7 

4 4 
140-1  70 140-187 

1 4 
127 123-162 

S t a t i o n  10 S t a t i o n  14 

6 3 
145-255 177-244 

7 5 
121-208 141  -21  1 

2 5 
110-161 

7 
119-192  115-231 

5 
167-241 

4 
181-210 

4  5 
171-207  130-216 ' 134-183 

4 
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Longnose Dace 

Four sexually mature males with  lengths of 81 - 110 mm were collected  at 
Station 5 i n  June 1977. Milt was .observed flowing from a l l  specimen:,. One 
spent  female  (98 m) was taken a t  Station 3 i n  August  1977. .Carl et a1 ., 
(1973)  reported  collecting  ripe longnose  dace  in the Nicola  River  dminage 
area in June 1977. 

Leopard Dace 

No spawning male or  female  leopard  dace were observed  during  the s tudy.  
Gee and Northcote (in  Scott  and Crossman, 1973) reported  this  species prob- 
ably spawns i n  early  July. 

Redside Shiner 

One sexually mature male (104 mm) was captured at   Station 3 i n  June 1977. 
Four mature  males  (78 - 99 mm) were also'collected  at   Station 4 in June 1977. 
All exuded milt when handled.  Scott and Crossman (1973)  reported  redside 
shiner may  spawn as ear ly  as May or as la te  as August. 

( 0 )  Ectoparasites 

Parasi t ic  copepods were observed on rainbow trout i n  Hat,  Creek d u r i n g  each 
sampling  period. None were observed on Bonaparte  River f ish,  a l though t h i s  
was probably due t o  the small sample s ize  compared t o  that  in Hat Creek rather 
than  the  absence of parasites from the river. Most parasit ized  f ish were 
larger specimens (usually  greater than 180 m total  length) and col1ec:ted 
primarily  at  Stations 10 and 14 in Upper Hat Creek. Only  two parasitized 
t r o u t  (201 mn at  Station 6, 140 mm a t  Station 7 )  were captured i n  Lower Hat 
Creek. 



I Parasites  were  usually  attached  at  the  base  of  the  pelvic  or  pectoral  fins,, 

I base of. the  dorsal fin. Parasites  were  observed  on  both  males and females 
occasionally on  the  inner  surface o f  the operculum, and  on one  fish $it  the 

and occasionally on smaller,  sexually inunature  fish.  Numbers and length 
ranges  of  parasitized  rainbow  trout  collected  during  each  survey  were  four 
in September 1976 (183 - 234 mm), 14 in  June 1977 (140 - 255 mm), anti 12 
in August 1977 ( E 4  - 241 mn). Two  large  trout (234 and 244 mm) which  appeared 

m 

I' thin  may  have  been  stressed by the  infestation;  condition  factors 01' these 
two  specimens  were  were 0.99 and 0.69, respectively. 

(iv) Availability & Utilization of Food  Organisms 
0 

Invertebrates living in or  on  bottom  sediments  can  be  used  as  indicators 
of  adverse  changes in aquatic  environments  because  they  display  varying  de- 

& Dorris. 1966 and 1968; Cairns & Dickson, 1971). Natural  benthic  cornm- 
unities  are  relatively  stable  or  exhibit  pr'edictable  oscillations  in  structure 
and  composition.  This  phenomenon,  coupled  with  their  respective  sensitivi- 
ties  to  water quality,  enables the  use of  benthic fauna as a biological  meas- 

a grees  of  sensitivity  to  degradation in water  quality  (Hynes,  1958;  Wilhm 
<- 

.I 
. 

I 

, ure of environmental  conditions. 

1 Coupled  with  their  inherent  potential  as  ecological  in'dicators,  benthic in- 
vertebrates  are a major  food  item  of fish (Lagler, 1966). These  aquabic 

3 insects  are  critical  to  the  food  chain  of any freshwater  system  culminating 
in fish.  The  importance  of  invertebrates i s  embodied  in  their  abi.lit:/  to 

.I convert  energy  entrapped by primary  producers  to a  form  capable  of be.ing 
uti 1 ized by fish. 

.I Composition,  relative  abundance and  distribution  of  food  organisms  del.ermine, 
in part,  population  levels,  growth  rates and overall  condition  of  fish. 

I* With  seasonal  changes,  alterations in  food  being  utilized may occur,  coinciding 
with  possible  shifts in f o o d  availability. 

m 

* 
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The following  sub-sections will examine  the  structure of benthic  invertebrate 
systems  studies in relation  to  inherent  community  complexity  and  dynamics. 
Subsequent  to  these  data,  consideration  will be  given  to  an analysis of  the 
relationship  of  benthic  invertebrates  to  fish  populations  with  respect  to 
food  habits  and  utilization o f  major  food  items. 

( A )  Benthic  Invertebrate  Communities 

Perspective 

Results  of  the  first  order  identifications  (to  taxonomic  order) for tie 
September 1976, June 1977 and  August  1977  sampling  periods  are presen,:ed 
in  Appendix E. Detailed  identifications  (to  genus  and/or  species) f o r  each 
sampling  period  follow  the  first  order  data in each  respective sectiotl of 
Appendix E. Tables 4-32,  4-33,  4-34 and 4-35 sumarize benthic  invertebrate 
data  for  each  sampling  station  during  each of the  three  sampling  periods. 

Dominance  indices  indicated  that  at  the  majority  of  stations  examined,, one 
group of benthic  invertebrate  dominated  inhabitable  substrates  regard'ess 
o f  sample period.  Percentage  data  showed  that  during  September  1976,  75% 
of the  stations  samples  supported  Group 3 fauna in  greatest abundance; i n  
June 1977, 69% of  the  stations  were  dominated by Group 3 and i n  August 1977, 

92%. 

Lake  habitats  (Stations 16 and 17; Table 4-35) were  sampled  with a Ponar 
dredge  which is most  effective in soft, fine sediments.  Consequently,  use 
of  this  sampling  method  selects  for  organisms  that  are  common  to  substrates 
of this  consistency,  the  Group 2 forms  (Diptera,  Amphipods  and  Leeches). 
Following  the  September  1976  survey,  lake  stations  were  discontinued. 

The  preponderance  of  Group 3 invertebrates  at  the  majority  of  stations  sugg- 
ests that, in general,  water  quality was good in Hat  Creek  and  the  Bonaparte 
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TAME  4-32 

BMAPARTE RIVER - SUWRY OF BENTHIC  INVERTEDRATE OATA 

Bonaparte Rlver  - Stat lonr 
1 2 3 4 

Paraueter  Sept. 76 June 11 Aug. 11 SePt. 16 June 71 Aug. 11 Sept. 16 June 11 Aug. 11 Sept. 16 June 77 Aus. I7 

40.1 
59.5 
0.4 

229 
340 

2 
51 I 

0.52 
3.19 

102 

95.3 
4 . 1  
0.0 

366 
18 
0 

304 

0.91 
1.92 

101 
11 
2.17 
0.56 

75.7  15.4 
20.5 

3.8 
23.0 

I .6 

616 91 
175 2 1  
32 2 

853 120 

0.62 
3.99 

0.63 
3.11 

120 
IO 

65 
16 

3.55 3.59 
0.72 0.79 

76.0 
24 .O 
0.0 

38 
12 
0 

50 

0.64 

27 
I .83 

1 
1 .82 
0.65 

04.7 
15.3 
0.0 

283 
51 
0 

334 

0.74 
2.91 

102 
15 

0.14 
3.03 

62.3 
36.1 
1.0 

229 
135 

3 
367 

0.53 

I05 
19 

3.60 

3.87 
0.87 

78.1 
21.3 
0.0 

393 
1 06 

D 
499 

0.67 
2.83 

ID7 
13 
2.51 
0.16 

61.2 86.0 
30. 9 13.2 

I .9 0.0 

01 6 2 1  
403 3 

24 0 

1303 27 

0.55 
3.25 

0.80 

110 
1.56 

16 
15 
5 

3.19 
0.01 

I .40 
0.67 

21.8 
11.7 

0 . 5  

299 
84 

2 
385 

0.65 
2.89 

I04  
11 
3.45 
0.11 

81.1 
12.9 
0.0 

620 
92 
0 

112 

0.10 
3.00 

104 
16 

0.15 
3.23 

' Calcu la ted  from d c t a l l e d  Ident l f lcat lon  data  
' Calculated feze b l o t i c  lndex data 
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TnnLE 4-33 

LOWER HAT CREEK - S U W R V  OF BENTHIC IHVERTEORATE DATA 

Lower Hat Creek - Statlons 
5 6 7 8 

Parameter  Sept. 76 June 77 Aug. 77 Sept. 76 June 77 Aug. 77 Sept. 76 June 77 h g .  77 Sept. 76 June 77 Aug. 17 _____ 
X Group 3 

% croup I 
% croup 2 

!lean Ilo.ln' 

Group 3 
Group 2 
Croup 1 
To t a  1 

Tota l  No. G e y r a  fs) 

t q u i t a b l l i t y  (5)' 
Richness ( I , )  

66.9 28.9 
31 . O  69.4 
2.1 1 . 7  

426 
197  2158 

098 

13 51  
636  3107 

0.55 
3.42 

0.57 
2 .80 

109 
10 

165 
11  

3.62 
0.82 

3.13 
0.69 

65.4  66.7 
32.0 33 .3  
2.6 0.0 

891 
436 

299 

35 
149 

0 
1362 ' 448 

0.53 
3.35 

0.56 
2.83  

105 
1 7 .  

107 
15 

3.44 
0.02 

3.00 
0.12 

' Calculated from b i o t l c  index  data 
Calculated from deta i led  ident i f icat ion  data  

26.6 
66.9 
6.5 

555 
1394 

133 
2082 

0.52 
2.74 

157 
12 
2.18 
0.77 

25.0 
74 .1  90.1 

9.9 
0.9 0 .0  

105i  573 
354 63 

1419 
14 0 

636 

0.61 
2.79 

0.82 
2.52 

I 02  107 
I7 14 

2.81 3.42 
0.72 0 .62  

67.3 
31.6 

1 . I  

,662 
311 

11 
984 

0.55 
3.80 

101 
25 

5.20 
0.82 

80.6  91.5 
17.3  5.7 
2.1  2.8 

1363 
292 

297 
18 

1691 
36 8 

323 

0.68 
3.14 

0.85 
3.62 

4.02  4.05 
0.73 0.84 

113 
20 

1 09 
20 

81.5 
10.8 

1.7 

541 
72 
51 

664 

0.68 
3.01 

I04 
1 3  
2.58 
0.81 

95.3 
2.7 
2.0 

627 
18 
13 

658 

0.91 
3.02 

107 
14 

0.79 
2.78 
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TAOLE 4-34 

UPPER llAT CREEK - SUbMRY OF OENTHIC INVERTEOPATE DATA 

Upper  Mat  Creek ~ S t a t l o n r  
IO 11 12 

P a r a m t e r  Sept. 76 June 77 Aug. 77 Sept. 76 June 77 Aug. 77 Sept. 76 June 77 Aug. 77 - 
Z Group 3 
X Group 2 
x croup 1 

tlean No./d 
Group 3 
Group 2 
Group 1 
Total  

79.5  73.6 . 00.9  02.9 17.9 81  .o 37.9 
17.7 25.2  18.7 13.6 7 0 . 0  - 
2.5   1 .2   0 .4  3.5 

15.2  17.5 
12 .1  2 .0   44 .6  - 

418 649 997 - 
92 222 

843 395 
2 30 138 

2851 92 
1540 

13 
564 

I 1  
42 

5 35  265  72 IOB 
- 

523 882 1232 1016 ,2200  3407  242 - 
Dominance ( c )  0.67 0.61 0.69 

1.75 1.22 
0.71 

3.20 3.00 
0.54  0.70 
2.96 2.00 

1 0 2  IO5 1 04 110 176 101 

' Calculated from d e t a i l e d   l d c n t t f i c a t i o n   d a t a  
' Calcu la ted  from blotic index  data 



P 
I 

N 
N 

Parameter 

TMLE 4-34 Cont'd. 

UPPER HAT CREEK - SUHMARY OF BENTHIC INVERTEBMTE DRTA 

Upper Hat  Creek - S t a t i o n s  
13 14 15 

Sept. 16 June I7 Auq. 77 Sept.  16 June 77 Aug. 71 Sept. 16 June 71 Auq. 71 

3 Group 3 

I Group I 
X Group 2 

I k a n  tto./n' 
Group 3 

Group 1 
Graup 2 

TO t a l  

Oondnance (c)' 
oiverrlty (a)', 
Total  NO. le)  

44.0 
54.3  89.9 93.8 80.8 

8.4 
69.9 

4 . 3  
61 .B 

12.2  21.5 
87.9 

21.8 
1 . 7  

10.4 
1 . 7  1.9 . 1.0 8.6 4.4 1.1 0.8 2.3 

90.4 68.2 
8.8 29.5 

24 1 1440 I4G3 790 1028 735 338 
196 

318 
I35  67 47 

733 

1 27 27 97 M) I 4  
243 

30 
421 86 3416 

32 
1694 

57 
444  1602 1560  392 1130 1511 835 3046  2484 

0.49  0.82 0.88 0.68 0.54  0.54  0.79 0.83 0.55 
1.84 2.11 3.38 2.66 3.07 3 .47  2 .80 2. I8 2.53 

135 158 109 101 116 1% 108 133 186 
~~ ~~ 

Tutal 110. &era ( ) 
Rlctulcss ( r# 

12 I5 15 1 3  IO 19 I 4  . 9  12 

Equitability Id)' 

~~ ~~ 

2.24  2.77  2.98  2.60 
0.51 

3.58 3.65 2.78 
0.69  0.86 0 .  72 0.74 0.82 0.74 0.69 

1.64 2.10 
0.11 

.. ~~ 

~ 

' Calcu la ted  from b i o t i c  index   da ta  ' Calcu la ted  from d e t a i l e d   i d e n t i i l c a t i o n   d a t a  
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TABLE 4-35 

GOOSEIFISH HOOK LAKE (STATION 16) AND FINNEY LAKE (STATION 17: - 
SUMMARY OF BENTHIC INVERTEBRATE DATA 

Farameter 

% Group 3 
% Group 2 
% Group 1 

Mean No ./m2 
Group 3 
Group 2 
Group 1 
Total 

Dominance (c)  
Diversi ty  (a) 
Total No. (ti) 
Total No. Ge;era (S) 
Richness (.?) 
Equi t ab i  1 i t y  (J) 

Lakes - Sta t ions  
16 17 

September.76  September 76' 

96.7 
3 . 3  

0.0 

1076 
33 

0 
1109 

0.94 
0.61 

112 
4 
0.64 
0.31 

Calculated from de ta i l ed   i den t i f i ca t ion   da t a  
Calculated from b i o t i c  index da ta  

89.0 
1.2 

9.8 

795 
11 

86 
892 

0.80 
2.44 

113 
11 
2.12 
0.71 

4 - 123 



beak - 

River during the three sampling periods. Fluctuations in water quality during 
theJourse of the study were not of sufficient magnitude to significantly 
inhibit the development of benthic invertebrate systems dominated by Group 
3 fauna. 

The mayflies, caddisflies and stoneflies (Group 3) respire by externdl gill 
structures that exhibit low tolerance to chemical  pollutants  and fine sus- 
pended sediment that may cause abrasive damage. Consequently, the pt-eponder- 
ance of these invertebrate orders would  tend to indicate that the waer systems 
studied did  not exert severe negative conditions to a level of signi.'icantly 
altering the direction of community development. 

Sampling stations in the Bonaparte and  Hat Creek systems may be  grouped  into 
three units for ease of data interpretation, these include: 

1) Bonaparte River - Stations 1, 2, 3 and 4; 
2) Lower Hat Creek - Stations 5, 6, 7 and 8; and 
3) Upper  Hat  Creek - Stations 10, 11, 12, 13, 14 and 15. 

Table 4-36 summarizes the  overall  mean figures for select parameters by study 
area unit  and sample period. 

In the Bonaparte River  (Tables 4-32 and 4-36), Group 3 organisms were most 
abundant, consisting o f  52.%, 83.1% and  75.7% o f  the population during Sept- 
ember 1976, June 1977 and August 1977, respectively.  However, this !pattern 
was not  duplicated in either  Lower or Upper  Hat  Creek. I 

During September 1971 and August 1977 (Tables 4-33, 4-34, 4-36), GrolJp 3 
.e ,auna, on the average, predominated in accordance with 78.1% and 76.'7%, 

(Lower  Hat Creek) and 76.62 and 68.8% (Upper  Hat  Creek), respectivel,!. The 
June 1977 sampling period  in  Lower  and Upper  Hat  Creek exhibited a preponder- 
ance o f  Group 2 fauna in mean  percentages  of 57.6  and 58.1, respecti,,ely. 

f 
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TMLL 4-36 

s t m n y  OF DCIITIIIC INVERTEORATC MTA 

FOR TIlE THREE STUDY UNITS 

Overall Fkan 
Bonaparte River Lower llat Creek  Upper l la t  Creek 

Parameter Sept. 76 June 77 Aug. 77 Sept. 76 June 77 Aug. 77 Sept. 16 June 77 Auq. 77 

X Group 3 52.U 03.1 15.i 78.1 38.8 76.6 37.4 
I Group 2 46.5 

76.7 
16.7 22.5 20.9 . 57.6 

68.8 

X Group 1 0.7 0.2 1 .o 1 .o 3.6  1.9  5.9  4.5 
24.4 17.5 58.1 20.9 

2.3 

Mean NO. Orqanismshl’ 

- 

Group 3 
Group 2 
Group I 
Total  

Dominance 
Diversity 
Riclmcss 
Equitability 

143 274 606 664 903 441 722 
126 

399 
55 1 DO 107 

1414 

2 
904 

0.5 14 
275 

5 
101 1123 

61 
595 

24  34 86 46 

271  329.5 000 511 1709 12G2 576 1931 2055 

0.61 0.72 
2.90 2.37 

0.67 0.G9 0.58 0. GB 0.61 0.67 
3.04 3.10 3.09 3.07 2.74 

0.67 

2.99 
2.83 

2.50 ’ 3.25 3.52  3.27 3.26 
3.09 

0.79 0.67  0.75 0.75 0.77 0.77 
2.88 2.87 
0.71 

2.90 
0.73  0.78 
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These  data  suggest some temporal  oscillation  probably  related  to  the  life 
histories  of  the  invertebrate  species  recorded. An alternative  which  may 
account  for  the  slight  decline  of  Group 3 fauna during  the  June 1977 sampling 
period  is  increased flow and  higher  sediment  characteristics  of  the  system. 

Over a 10 year period, 1963 - 1973, the  months of May  and J h e  (freshet period)it.-A 
averaged  approximately 1.9 and  2.7 d/s (Upper Hat  Creek  Water  Survey  Station 
08LF061),  values markedly higher  than  at any other time  of  year. During 
freshet marked  increases in solids  levels  are  not  uncommon.  On  the  this  basis 
the  slight  average  decline in Group 3 organisms in June 1977 (Table 4-36) 
may be resultant to a greater  input  of  suspended  sediment in Hat  Creek  dur- 
ing freshet.  Increased  sediment  would  similarly  serve as an abrasive  agent 
on the sensitive gill structures  of  Group 3 organisms. 

Benthic  invertebrates  collected in various  segments  of  the  study  area  are 
common  to  lotic freshwater systems.  Table 4-37 presents a summary  of  the 
dominant  benthic  genera  collected  during  each  sample  period in  each study 
unit. 

The  dominant  genera  recorded  during  the  study  were  encompassed  primarily 
by the  taxomomic  order  Ephemeroptera (mayflies).  The Trichopterans  (caddis- 
flies), Plecopterans  (stoneflies) and Dipterans  (midges)  also  were  recorded 
as exhibiting  vatying  degrees  of  dominance. 

Table 4-38 summarizes the  appearance  of  dominant  orders in the H a t  Creek 
and the Bonaparte  River. It i s  evident  that  the  mayflies,  of  the  genus &=tis 

and Ephmerella in particular  (Appendix E), were  the  most  abundant  organisms. 
One  or  the  other  or  both  of  these  invertebrates  appeared  throughout  the  lotic 
systems  under  examination. 
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TABLE 4-37 

SUMMARY OF DOMINANT  INVERTEBRATE GENERA 

September  1976 

Bonaparte River 

Rhithrogena s . ( E ) '  
aaet is  sp.  (E P 
HydmpsLJche sp.  (T) 
Cricotopus s p .  (D) 

Bonaparte River 

Rhithropna sp.   (E) 
Baetis SP. ( E )  
EphemereZir; sp.  (E) 
arachycentms sp. (T)  

Bonaparte River 

RhithroFena sp.  (E) 
Baetis s p .  ( E )  
EphemereZZa sp. (E) 
Caenis sp. (E) 
Hydropsgche sp.   (T)  
i.?icropsectrz s p .  (D) 

1 

T = T r i c h o p t e r a  
E = Ephemeroptera 

P = P l e c o p t e r a  

Lower Hat Creek 

Buetis sp. (E) 
EphemreZZa sp.  ( E )  
Hydropsyche sp.   (T)  
Diplectronn sp.   (T)  

Micropsectru sp. (D) 
Cluassenia sp .  (P) 

Antocha sp. (D) 

June 1977 

Lower  Hat Creek 

Ironopsis SP. ( E )  
Cinygmula sp.   (E)  

EphemereZla sp.  (E) 
Buetis sp.   (E)  

Micropsectra sp.  (D) 
CrthocZadiue sp. (D) 
CardiocZadius sp.  ( D )  
01 i gochaeta 

August  1977 

Lower Hat Creek 

Baetis s p .  (E)  
EphemereZZa sp.  ( E )  
Hyhnopsyche sp.  (T) 
Czaassenia sp .  (P) 
Nemoura sp .  ( P )  
Antocha sp .  ( D )  

Upper  Hat [:reek - 

Rhithrogenu sp. (E) 

Baetis sp. ( E )  
EphemereZZa sp.  (E) 
Hydropsyche z p .  (T) 
Claassenia SF. ( P )  
Pericomz sp.  (D)  
T u r b e l l a r i a  

CilZygmuh Sp.  (E) 

. Upper  Hat Creek - 

rmnopsis s p .  ( E )  
Cinygmuto s p .  ( E )  

HastaperZa SF.. ( P )  
aaet is  sp.  (E) 

SimuZim sp .  (D )  
CurdiocZaciiue sp. ( D )  

Turbel 1 a r i a  
01 i gochaeta 

Upper  Hat Creek - 

Baetis sp.  (E) 

PumZeptophZeb-la s p .  (E) 
EphemereZZa Sp. ( E )  

CZaassenia s i : .  ( P )  
XastcpelTta SF. ( P I  
i?'emoura sp.  ( P )  
Cur&~ocZndius sp. ( D )  
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TABLE 4-38 

SUIWARY OF DOMINANT  INVERTEBRATE  ORDERS  INHABITING 

BONAPARTE RIVER A N D  HAT CREEK STATIONS 

Dominant  Orders 

. .  
Ephemeroptera 

T r i c h o p t e r a  

P l e c o p t e r a  

Dip te ra  

01 i gochaeta  

% o f  S t a t i o n s  where Dominant’ 
September  1976 . June 1977 %st 1.977 

64 .3  51.5 84.6 

14.2  7.7 0.0 

7.1 0.0 7.7 

7.1 30.8 7.7 

7.1 0.0 0.0 

Computed from d a t a  i n  Appendix E 
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Comunity Structure 

The  richness  component  of  a  cornunity is  the relative  wealth  of  the  system 
in  terms of  the  number of invertebrate  genera  sampled. Comunity weillth 
is directly  related  to  the  ability  of  the  area  to  provide  raw  materinls,such 
as  food and space for  biological  development.. 

Community  richness in  Lower  Hat  Creek  (Table 4-36) was  the  highest of the 
three  study  sections  during  each  sampling  period.  A high richness fxtor 
indicates  that  within  the  area in quesion a given sample of the habi.:at yields 
a high number  of  genera  per  unit  of  organism  abundance. A greater  nilmber 
of genera  can  only  be  supported by greater  habitat  complexity.  Consequently, 
it  may  be  inferred  that microhabitats  within  the  Lower  Hat  Creekkection  were 
in  greater abundance,  thereby  providing a greater  area  for  potential  coloniz- 
ation  and community  development. 

l .  

Lower  Hat  Creek  exhibited a greater  proportion  of  riffle  areas  compa-ed  to 
Upper  Hat  Creek  and  the  Bonaparte  River.  This  phenomenon  would  tend  to  facil- 
itate  formation  of  a  more  diverse  abiotic  system  into  which  invertebrates 
would  inmigrate  and  perpetuate.  It  should  also  be  noted  that  the  richness 
factor  appeared  to  vary  least  temporally in Lower  Hat  Creek  compared  to  the 
Bonaparte  River  and  Upper  Hat  Creek.  This  low  amplitude  oscillation  would 
suggest  some  form  of high stability of the  biological  community. 

Cornunity  equitability is the  eveness  with  which  individuals  are  apportioned 
in  the  sampled invertebrate genera.  Data  on  equitability in Table 4-36 indi- 
cate  that, in  general, equitability was relatively  comparable  between  study 
units  and  between sampling periods.  All  the  communities  were  not  excessively 
reliant on one  particular  genus  of  invertebrate  for  overall  energy  transfer. 
In effect,  the  potential  loss  of a portion  of a communities  generic  comple- 
ment  would  not  be overly  traumatic (up to some  threshold  level)  as an effic- 
ient  redirection  of  energy  flow  to  remaining  organisms  would  be  possible. 
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I 
The  attributes  of  richness and equitability'when synthesized as a sirlgle 
parameter yield a single  quantitative  estimate of system complexity and stab- 

I ility, this  measure is diversity. 

m Table 4-36 shows  the  relative  changes in diversity for each study un,it by 
sampling period. It is evident that Lower Hat Creek, as with richne!;s, ex- 
emplified minimal shifts in diversity through the  three periods compilred 
to  the Bonaparte River and Upper Hat Creek. The absolute values of diversity 
in Lower Hat Creek were consistantly higher than at any of the other sites 
at a given period. These  data indicate that Lower Hat Creek was mort! stable 
with  respect to being able to compensate for and dampen the effects of environ- 

m 

w 

n mental perturbations. However, beyond some threshold level the effects of 
negative environmental stimuli would be detected in the benthic community. 

To broaden the'data base and minimize possible statistical error due to low 
sample sizes,  computations were made using diversity and richness  from  Sept- 
ember through August combined into one  data base. Table 4-39 sumar'izes 
select statistical parameters focussing on these two  community indic,ies. 

m 

r 

,- 
I 

- 
Diversity and richness were the highest in Lower Hat  Creek. The pro.jection 

.I to a 95% fiducial inference yields a theoretical range.of values tha:: would 
be obtained. Based on present data, the ranges are higher within Lower  Hat 
Creek. Also, the  coefficient of variation of the mean for diversity and 
richness was the lowest in Lower Hat  Creek. These data add to the conclusion 
that Lower Hat Creek was undoubtedly a more  complex unit of biologicikl inter- 

I 

,'. action. 

I U  It is of  interest that although Lower Hat Creek exhibited the most complex 
system, it did not support the most abundant populations of organism!; at 
any given time  (Table 4-36). Therefore, absolute numbers of invertebrates 
alone  do not necessarily control overall community structure and dynmics. 
The  arrangement of these numbers in available genera ultimately dictiites 

a 

'I - system  complexity,  stability and direction. 
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TABLE 4-39 

SUMMARY OF BENTHIC DIVERSITY AND RICHNESS STATISTICS FOR  THE THREE STUDY UNITS 

'arameter - 
l i v e r s i t y  

Mean (N) 
F iduc ia l   In ference 

C o e f f i c i e n t   o f   V a r i a t i o n  
Range (w i th   f i duc ia l   i n fe rence )  

(o f   t he  mean) 

!ichness 
Mean (N) 

Range (w i th   f i duc ia l   i n fe rence )  
F iduc ia l   In ference 

C o e f f i q i e n t   o f   V a r i a t i o n  
( o f  the mean) 

Bonaparte  River 

(Stat ions 1,2,3,4) 

2.77 (12) 
~0 .411  

23.3% 
2.359-3.181 

2.91 (12) 
+0.476 

2.434-3.386 
25.8% 

Lower  Hat  Creek 

(Stat ions 5,6,7,8) 

3.09 (12) 
~ 0 . 2 4 7  

12.6% 
2.843-3.337 

3.35 (12) 
~ 0 . 5 1 4  

2.836-3.864 
24.1% 

Upper Hat Creek 

(S ta t ions  10,11,12,13,14,15~ 

2.89 (16) 
to. 265 

2.625-3.155 
17.2% 

2.91 (16) 
+0.438 

2.472-3.348 
28.3% 
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Upper Hat Creek may not have exhibited a relatively  stable  community 3s a 
result o f  human activities in the area. Irrigation, flume constructitm and 
livestock enrichment  may have hindered the  development  of a system  compar- 
able to that of a relatively undisturbed Lower Hat  Creek system. 

(6) Utilization by Fish 

The  availability of food,to a large degrec,influences the acceptability of 
a given area 2s a potential habitat frequented by fish. Regardless of  their 
mobility, fish nay select certain food items while others  may not play an 
important role as a useable food resource.' An analysis of food utilization 
in conjunction with food availability facilitates some degree of project- 
ion in the  description  of interactions between these two trophic sygtems. 

Numerical, Volumetric and Frequency o f  Occurrence 

Numerical and frequency of occurrence values for the three most abuncliiit 
food items in stomachs o f  rainbow trout collected in Hat  Creek  and ttte 6ona- 
parte River during each survey are presented in Tables 4-40 to 4-42 Icon- 
p u t s  program output for stomach analyses are presented in Appendix i:). 
In September, food habits of fish 0 - 100 mm in length appeared generally 
similar among stations (Table 4-40). Ephemeroptera nymphs were usua'lly the 
dominant food. Exceptions occurred far fish 51 - 100 m a t  Station I where 
Trichoptera larvae were the major food, and at Station 7 where Ostracods 
and Diptera adults were dominant and Ephemeraptera nymphs were absent from the 
diet. Other important foods for fish 0 -100 mm were Diptera larvae, pupae 
and emergents, Ephemeroptera emergents, Plecoptera nymphs and 'Nematoda. 

Numerically important foods for fish greater than 100 m in  Septembe!. 1976 
were often insect life stages  normally associated with the water column or 
surface. These included Diptera pupae and adults and Hemiptera and Zoleop- 
tera adults. Unlike smaller fish, no particular food item was regulvly 
dominant among stations or size classes. Other principle foods for fish 
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51-100 

101-150 

151 - 200 
,200 

1 A = a d u l t  
E = emerqent 
tl = n y w h  
P - pupae 
L = la rvae 

1 Not  Appl lcable 

TABLE 4-01 

NUWRICAL (N) WO FREQUENCY OF OCCURUANCE (r0) VALUES  FOR  THE TllREE M I S T  AOUNOANT FWD ITEMS 

I N  STOIUCHS OF PNNOOW TROUi COLLECTEO AT IMT CREEK & EONAPARTE R I V E R  STATIONS. JUNE, 1917 

tphenlcraptera (N)' 75.0 100.0 
Dip tera   (L )  16.7 100.0 
Trichoptera  [L)  
n = Z , e = O  

8.3 ' 50.0 

Ephenrroptera  (N) 85.0 100.0 
Plecoptera (N) 
Unidcn. an ina l  

12.0 50.0 

n = Z . l * O  
100.0 

n = O  

n = O  

n - 0  

Cphcnrroptera (11) 87.5 100.0 n = 0, 
Trlchoptera ( L )  6 . 2  31.1 
Diptera  (L)  
n - 3 . e . 0  

6.2 ' 31.3 

n - 0  

n = O  

" S O  

n - 0  

Ephemeioptera ( f l )  44.1  75.0 
Diptera ( L )  
Trichoptcra  (L)  

31.6 11.5 
8.6 31.5 

n - 8 . e - 0  

Ephemeroptera (N) 44.6 60.0 
Dip tera  ( L )  
Tr ichaptera  (L)  

21.1 100.0 
8.5 80.0 

Nematoda 8.5 60.0 
n = 5 . e = 0  

n - 0  

n = O  
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TADLE 4-41  Cont'd. 

IlUMERlCAL (N) NID FREQUCNCY  OF  OCCURMNCE (FF) VALUES TOR TllE THREE WSl AOUNMNT FWD ITEHS 

I N  SIOIWIIS OF FNllOW TROW COLLECTED AT iIA1 CRtEY L BONAPARTE RlVER S T A T I M S ,  JUHE. 1977 

S t a t l o n  6 (Loner  Hat Creek) 
Taxa It ( I )  FO ( I )  

n - 0  

Trichoptera (1) 
Ephemeroptera (N) 

n = l O . e - O  
Diptera (L) 

o l p t e r a  (1) 

Ephenteroptera  IN) 
Tr ichoptera (1 

n = 5 . e = 0  

Tr ichop lera  (L) 
Epheneroptera (N) 
Plecoptera (N) 
n * 3 . e = 0  

Tr ichoptera (L) 
Coleoptera (A) 
Ephenleroptera ( I t )  
Plecoptera (11) , 
Ilymenoptwa 
n - l . e . 0  

56.9 

13.0 
15.5 

36.8 
34.2 
15.0 

54.8 
12.9 
9.7 

28.5 
20.6 
14.3 
14.3 
14.3 

90.0 
40.0 
50.0 

80.0 

60.0 
100.0 

66.7 

66.1 
33.3 

100.0 

lw.o 
100.0 
100.0 

l W . 0  

S t a t i o n  1 (Loner  Hat  Creek) 
Taxa N ( 0  FO (1) 
n - 0  

Ephemeroptera (N) 
Dip tera  (1) 
Nematoda 
n - 1 0 . e - 0  

fphemeroptera (N) 
Plecoptera (Io 

n - 5 . e - 0  
T r l c h o p t e n  (1) 

Lphemeroptera  (E) 
Nematoda 
Tr ichoptera (L) 
Dip tera  (L) 
n * 3 . e = 0  

l r i c h o p t e r a  (L) 
Ephemeroptera (N) 
Uniden.  animal 
n - 1 . e - 0  

70.9 
9.1 
7.3 

33.3 
15.8 
14.1 

34 ' 5  
20.7 

17.2 
12.2 

63.6 
36.4 .* 

100.0 
30.0 
30.0 

42.9 
57.1 
57.1 

33.3 
33.3 
66.7 
33.3  

100.0 
100.0 
100.0 

S t a t i o n  IO (Upper Hat Creek) 

1- 

n = O  

Olptera (1) 

Uniden.  insect 
Epheneroptera (N) 

n - 4 . e - 0  

D lp te ra  (1) 
Epheneroptera (N) 
Anne1 Ida  
n - 7 . e - 0  

Annelida ' . Dip tera  (L) 

n - 3 . e - 0  
Tr ichoptera  (L) 

Annelida 
Nematoda 

n - 5 . e - 0  
D ip te ra  (1) 

75.0 

9.1 
9.1 

47.6 
17.1 
7.6 

43.1 
25.0 

0.3 

49.4 
16.5 
8.8 

100.0 
85.7 
38.5 

100.0 
33.3 
33.3 

40.0 

40.0 
60.0 



P 

I 

d 
w m 

TABLE 4-41 Cont'd. 

NUMERICAL (N) AN0 FREQUEIICY OF OCCURMNCE (FO) VALUES FOR TIIE THREE YOST A0UNDhNT FWD ITEHS 

IN STOtNCHS  OF FdINOOW TROUT COLLECTED AT HAT CREEK & BONAPARTE R I V E R  STATIOIIS. JUNE 1977 

F l rh   Length S t a t l o n  14 (Upper  Hat  Creek) 
I n t e r v a l  (mn) Taxa 

" 
II ( X )  FO (I) 

0-50 Ephemeroptera (N) 100.0 100.0 
Unlden.  Anlnml It 100.0 
n = l . e - 0  

5i-;O@ Diptera (1) 76.5  03.3 
Ephenemptera (N) 11.8 100.0 
Unlden. I n s e c t  
n . 6 . e . O  

7.6 50.0 

Epherneroptera (N) 9 .7 100.0 
74.8  100.0 

Unlden. i n s e c t  
n = 4 . e - 0  

6 . 4  75.0 

101-150 Olptera ( I . )  

151-200 Hymenoptera 43.9 66.7 
Diptera (L)  
Plecoptera (E )  

14.1 100.0 

n = 3 . e = 0  
6.1 66.7 

"200 n = O  
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F l r h  Len th 
"" I n t e r v a l  t) 
0-50 

51-100 

101-150 

151-200 

,2043 

TABLE 4-42 

NuwucnL (N)  ANU r n c w u c w  or OCCUIININCE (FO) V ~ L U C S  ron TIIE m E c  MOST MUNMNT rmo mtts 
I N  STOMCIIS OF MINDOH TROW COLLECTEO AT IIAT CREEK L RONAPARTE RIVER STATIONS,  AUGUST, 1971 

S t a t l o n  1 (Bonaparte  River)   Stat lon 3 (Bonaparte  River) Sta thn  5 ( L w e r  Hat  Creek) 

Taxa - N ( X )  r0 (X) Taxa H (X) FO ( X )  Taxa tl (2) FO ( X )  

n = O  

n - 0  

Tr ichoptera  (1 

n . 2 . e . O  
Coleoptera (A) 

n -  0 

n - 0  

n -  0 

n - U  

87.7 100.0 l lynenoptera 
4.6 100.0 Coleoptera ( A )  
4.2 50.0 Oiptera (I) 

n - 2 , e - 0  

n ' 0  

n = l . e = l  

Epheneroptera (HI' 
Dlp tera  It) 
Plecoptera (N) 
n = l . e - O  

Hemtcda 

Epheneroptera (t4) 
Dip tera  (1) 

n = 4 . e = 0  
Hymenoptera 

27.2 100.0 
5 5 . 9  100.0 Hymenoptera 

6.6 1-0.0 
Uniden.  insect 
Coleootera ( A 1  
Coleoptera lij 
n - 1 . e - 0  

n = O  

". "~ ~ 

50.0 
10.0 
10.0 

25.0 
50.0 

10.0 
10.0 

33.3 
23.8 
14.3 
14.3 

1w.o 
1DO.O 
100.0 

100.0 

25.0 
15.0 

25.0 

lw.o 
100.0 
1w.o 
10.0 

A - a&I t 
E = emergent 
N * n y w h  
P - pupae 
L - la rvae 

Mot  appl icable 



51-100 

101-150 

151-200 

1200 

TABLE 4-42  Cont'd. 

NUMERICAL (N) AND FREQUENCY OF OCCURRANCE (FO) VALUES  FOR  THE  THREE M S T  ABUNDANT FOOO ITEMS 

Ill STOIHCHS OF PAlNBIlb! TROUT COlllCTEO AT HAT CREEK b OMIWARTE RIVER STATIMIS, AUGUST, 1977 

S t a t i o n  6 (Lower  Hat  Creek) 

!axa N ( X )  FO (2) 

Epheneroptera (N) 

Unidcn.  animal 
Olptera  (L)  

n = 3 . e - 0  

Ephelneroptera ( 1 1 )  
Diptera  (L)  
Tr lchaptcra  (L)  
n - 4 . e . 0  

Tr ichoptera  (L)  
Ephcnwoptera (N) 
Diptera  (L)  
n = 6 ,  e -  0 

71.8 100.0 
2a2.1 66.7 

66.7 

33.3 100.0 
33 .3  75.0 
13.3 75.0 

27.0 100.0 
21.6  66.7 
21.6 16.7 
n . 6 . e . O  

36.1 100.0 
19.4 75.0 
15.3 75.0 

56 .5  100.0 
26.1 100.0 
13.0 100.0 

Statlon 7 (Lower f i a t  Creek) 
Taxa N (I) fO ( I )  

Epheneroptera (11) 
Diptera  (L)  

n * 2. c -  0 
Uniden. a n i n u l  

Epheneroptera (N) 
Tr ichoptcra ( L )  
Diptera  (L)  
n . 8 . e - 0  

Tr ichoptc ra  (L) 
Epheneroptera (N) 
Diptera  (L)  
n = 6 . e = 0  

Ortracoda 
Tr lchoptera  (L)  
Unidcn.  insect 
n = 4 . e = 0  

Unlden. i n s e c t  
Hymenoptera 
Tr ichoptc ra  (1) 
n = Z . e - O  

69.2 
3oi n 

44.4 

36.7 
36.7 

42.9 
42.5 

9.7 

59.2 
17.7 

7.2 

63.0 
13.9  
9.8 

100.0 
50.0 

100.0 

87.5 
100.0 
100.0 

100.0 
100.0 
50.0 

25.0 
100.0 
75.0 

100.0 
100.0 
100.0 

S t a t i o n   1 0  (Upper  Hat Creek) 
Taxa N (Z) FO (2) 

Ephemeroptera (N) 
Diptera  (L)  

n = l . e = O  
Trichoptera  (L)  

Oiptera  (L)  

Coleoptera (1) 
Ephencroptera (11) 

n - 8 . e = 0  

Ephemeroptera (N) 
Diptera  (L)  
Tr ichoptcra  (L)  
n = 6 . e - 0  

D ip te ra  (P)  
Olptera  (L)  
Ephernemptcra (N) 
n - 3 . e - 0  

66.7 
16.7 
16.1 

46.6 
28.5 
8.8 

47.1 
15.0 
11.8 

44.7 
17.1 
10.6 

28.6 
28.6 
14.3 

100.0 
100.0 
100.0 

100.0 
100.0 
62.5 

100.0 
66.7 
16.7 

100.0 
100.0 
100.0 

100.0 
66.7 
33.3 
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TABLE 4-42 Cont'd. 

NUHRICAL (N) MO FREOUENCY OF OCCURMNCE (FO) VALUES FOR THE THREE HOST AOUNMNT FWO I lEHF 

I N  SlOHI\CIIS OF NIINDOW TROIi l  COLLECTEO AT HAT CREEK 6 BMIAPARTE RIVER STATIONS. AUGUST. 1917 

Sta t lon  14 (Upper llat Creek) 

laxa I1 LZ) FO ( I )  

n = O  

Diptera (L) 
Ephcmneroptcra (N) 
Trichoptera (1) 
Plecootera  IN1 
C l a d k e r a  
n - 7 . e . 1  

Diptera (I) 
Epheneroptera (N1 
llylnenoptera 
n - 5 . e - 0  

Diptera  (L) 

Ilylnenoptera 
Unlden. insect 

n - 6 . e - 0  

Diptera (1) 
Unldcn. insect  

n - 3 . e - 0  
Hynlcnoptera 

86.8 
9.9 
1.1 
1.1 
1.1 

10.4 
11.4 
9.1 

54 .O 
14.1 
14.0 

41 . I  
31.5 
15.1 

57.1 
42.9 

14.3 
14.3 

14.3 

100.0 
40.0 
20.0 

n3 .3  
50.0 
83.3 

100.0 
100.0 
100.0 
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Volumetric analysis af June 1977 data showed. Ephemeroptera nymphs, Plecoptera 
nymphs and Trichoptera larvae were usually dominant food items in the Bona- 
parte River and Lower Hat Creek. Diptera  larvae  were less important by vol- 
ume than number in Upper Hat  Creek. Instead, larger-sized organisms such 
as Ephemeroptera nymphs, Hymenoptera and, in particular, Annelida were prim- 
ary food items at Stations 10 and 14. 

Unidentified animal remains (primarily insects) were an important food in 
both the river and  creek. Minerals were present in several stomachs as in 
September. No fish were observed in stomachs of specimens, and  no  s.:omachs 
were empty. 

Food habits of  rainbow trout in August 1977 (Table 4-42) were somewhdt similar 
to those i n  June 1977. Numerically,Ephemeroptera nymphs were a primary food 
for fish less than 100 m at Stations 5, 6 and  7.Trichoptet-a and Diptera 
larvae were also important foods at these stations. Diptera larvae, followed 
by Ephemeroptera nymphs, were principal foods for most size classes  of fish 
at Stations 10 and 14. While  food items such as Trichoptera larvae, Ephem- 
eroptera nymphs and Diptera larvae were important in the diet of fish 
greater than 100 mm downstream of Station 10, the presence of such foods as 
Hymenoptera and Coleoptera adults indicated increased utilization of drift 
organisms in August. Drift appeared less important in the diet of f:sh fur- 
ther upstream at Stations 10 and 14. 

Food items which were. important numerically were also important volunletri- 
cally in August 1977. As  in June 1977, small-sized foods such as Diptera 
larvae comprised a lesser proportion of the diet by volume than by  number. 
Minerals were again present in the stomachs of some trout and fish appeared 
absent from the diet. The  stomachs of one specimen 93 m in length captured at 
Station 14 and  a second 36 mm in length collected at Station 5 were empty. 

" .  

Stomach contents of two mountain whitefish (103 and 109 mm total  length) 
collected in the Bonaparte River at Station 3 in September 1976 included 
Trichoptera larvae (dominant food), Coleoptera and Chironomidae larvae, 

- 
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I greater  than 100 mm were  Hymenoptera,  Nematoda,  Trichoptera  and  Diptera  larvae. 
Ephemeroptera  nymphs  appeared  less  important in  the  diet of larger  than  smaller 
fish.  Although  they were  the dominant  food  for  fish 101 - 150 mm at  Stations - . 6 and 14, Ephemeroptera  nymphs  were  not a major  food  for fish greater  than 
150 mi. 

.I 

Volumetric  analysis  of  September 1976 data  showed  unidentified  animal  remains 
(primarily  insects)  usually  comprised  a  large  percentage  of  total  food  volume. 
In addition,  food  items  which  were  important  numerically  were  usually  also 
important by volume.  The  occurrence  of  minerals in stomachs of both  small 
and  large fish  may  have  resulted  from  accidental  ingestion  while  feeding 
near  the  bottom  or  represent  remains  of  Trichoptera  cases.  Nearly  all  rain- 
bow  trout  with  lengths  of 83 mm at  Station 10 and 78 mm  at  Station 14. No 

fish  were  present in stomachs of  trout  examined. 

m 

m 

I 

In June 1977, Ephemeroptera  nymphs  were  the  dominant  food  (numerically) for 
rainbow  trout  less  than 150 mm in the  Bonaparte  River  and  Lower  Hat  Creek 
(Stations 1, 3,  5, 6 and 7; Table 4-41). Other  major.  foods  for  fish  of  this 
size  were  Diptera and Trichoptera  larvae  with  Plecoptera  nymphs  and  Nematoda 
also  occasionally  important.  For  fish  greater  than 150 mm  captured  at  Stations 
6 and 7, Trichoptera  larvae  were  usually  the  dominant  food. An exception 
occurred for fish 151 - 200 m at  Station 7 where  Emphemeroptera  nymphs  were 
the  principle  food.  Other  major foods for  fish greater  than 150 mm at Station 
6 and 7 were  Plecoptera  nymphs,  Coleoptera  adults,  Diptera  larvae  and  Hymen- 
optera. 

Different  food  habits  were  observed  further  upstream  at  Stations 10 and 14 
(Upper  Hat  Creek) in June 1977. Diptera  larvae,  rather  than  Ephemeroptera 
nymphs,  were  usually  the  primary  food  (numerically)  for all fish  sizes,  Ephemer- 
optera  nymphs  were  generally  the  second  most  important  food  for  fish  less 
than  150 mm. Annelida,  Hymeno$tera,  Trichoptera  larvae and Nematoda, in 
addition  to  Diptera  larvae,  were  major  foods  for  fish  greater  than 150 mm. 

4 - 141 



baak 

Nematoda and minerals. Stomach contents of a 177 mm whitefish captured at 
Station 14 in September1976  were Ephemeroptera nymphs (dominant food), 
Chironomidae and Trichoptera larvae, Nematoda, unidentified animal remains 
(primarily insects) and minerals. 

Stomachs o f  two large whitefish (352 and 354 mm) taken at Station 7 iri June 
1977 contained Trichoptera larvae (primary food), Plecoptera and  Epherneroptera 
nymphs, unidentified animal remains (primarily insects) and minerals. Diptera 
larvae were the  principle food for a large whitefish (290 m) collect,?d at. 
Station 10 in June 1977. At Station 3, Coleopt,era larvae were the 
major food in the stomach of a 133 mm specimen. 

The dominant food for three mountain whitefish with lengths of 79 - 93 m 
captured at Stition 5 in August 1977 was Diptera larvae. Ephemeropte-a nymphs 
were also an important.food for these fish with Plecoptera nymphs, Trichoptera 
larvae and Diptera pupae present in smaller numbers. 

Stomach contents of a brook trout (114 mm total  length) collected at Station 
3 in September were Plecoptera nymphs, Hemiptera adults, Trichoptera snd 
Coleoptera larvae, unidentified animal remains (primarily insects), ald 

detrius. No particular food item was dominant. 

Forage Ratios 

The forage ratio (S/B) was used to determine the degree of proportion of utili- 
zation of  the benthic food supply by rainbow trout (Rounsefell and Evvhart, 
1966). The variables '5" and "B"  represent the numerical percentage a particular 
organism  comprises of the total number in the stomach (S) and benthos (B). 
Values greater than 1.0 indicate selection for or  easy availability o f  a food 
item of  fish. Values less than 1.0 indicate the opposite, selection against 
or difficulty in utilizing a food item. Values were calculated for major 
benthic food present in stomachs of rainbow trout (listed i n  Tables 4-40 to 
4-42) and are presented in Tables 4-43 to 4-45. Vzlues could not  be calculated 
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Sta t ion  I 5t.ation 5 
Flrh  Lenglh  (Bonoparts River) (Lower Hat  Creek) 
Interval (m) Taxa 5/11 Taxa 5/11 

0-50 "-0 " 4  

51-100 Trlchoptera (1) 3.1 Ephemeroptera (N) 1.8 
Eplwnrraptera(N) 0.6 Newtoda 
" - 5  "-10 

D 

IUI-150 "4 "-1 

151-200 "-0 

,200 "-0 

"-0 

"-0 

Sta t ion  6 . s t a t i o n  1 Sta t lo "  IO 
( L m r  llat Creek) (Lower I lat Creek) (Lower Hat Creek) (Lwer  Hat Crcek) 

Tala 5/11 Taxa 5/11 Taxa s/0 Tala SI0 

0-0 
"-2 
Epheneroptera (N) 2.2 fphemroptera (N) 2.0 fphcmroptcra (N) 0.5 

n- I l r i chop te ra  (L) 10.1 
0 lp te r *  (L) 2.0  
"-2 

tphemroptcra (N) 1.8 Tr lchoptera (L) 0 . 3  Ephemropters (N) 1.0 Ephcmroptera (N) 1.0 
Nematoda 13.7  n-5 Dlptera (L) 1 .5  Trlchoptcra (L) 2.7 
"-9 Trlchoptera (L) 0.9 n-8 

Plecoptera (N) 0.6 
"-1 I 

Ephemroptera (N) 1.7 Nematoda 
Trlchoptera (L) 1.8 Epltemroptera (N) 0 . 4  Nematoda 41.7 Coleoptera (L) 

81.5 o tp te ra  (L) 1.7 Ephemroptcra (N) 0.9 

"-2 "-9 n-7 "-5  

"-0 

"=O "-0 Trlchoptera (L) 1.8 Nematoda 
"-2 

11.5 
"-2 
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1AOLE 4-44 

FORAGE RAVlOS ( S l O )  FOR M O R  BENTIIIC f M ) D  ITEMS OF WlltlOGU TROUT COLLECTED AT HA1 CREEK AND OONAPARTE R I V E R  STATIONS. JUNE. 1977 

F ish  Len th 
I n t e r v a l  L )  laxa 

S t a t l o n  1 (Oonaparte  River)   Stat ion 3 (Oonaparte  Rlver)   Stat ion 5 (Lomr Hat  Creek) Statlon 6 (Lover llat Creek) 

" ___ " "- 5 0 I L X ?  __ $ 0  l a x a  S F  T a x a  - S B  

0-50 

51-100 

Ephemeropte:a ( t i )  
Diptera  (L)  
Tr lchoptera  (L)  
n - 2  

Ephemeroptera (11) 
Plecoptera (N) 
n - 2  

' 0 .9  Ephcmeroptcra ( I f )  1 . 3  
4.0 l r i c h o p t e r a   ( L )  

n = O  
0 .5  

1.8 Olptera  (L)  
n = 3  

0 . 3  

101-150 n - 0  

151-200 n =  0 

;zoo n -  0 

' H = nymph 
L - la rvae 

1.0 n - 
5 .3  

n - 0  

n - 0  

n - 0  

Ephemeroptera (N)  
Dip tera   (L )  
Tr ichoptera (1) 
n . 8  

Ephemeroptera (ti) 
Diptera  (L)  

Nematoda 
Tr ichoptera (1) 

n =  5 

n - 0  

n - 0  

n - 0  

1.9 
0 .5  Trlchoptera (1)  

Epheneroptera (N) 

3 . 1  Dlp tera  (1) 
n = 10 

3.7 
1 .9  
0.2 

0.5 
4.2 
1.0 

Tr lchoptera  (L)  
Ephemeroptera (N) 
Plecoptera (N)  
n =  3 

l r l c h o p t e r a   ( L )  
Ephewroptera (:I) 
Plecoptera ()I) 
n =  1 

6 .8  
0.0 
3.2 

3 .5  
0 . 9  
4.8 

r 
Y r 



TAULE 4-44 Cont'd. 

FORAGE RATIOS (S/B) FOR N W O R  BENTHIC FOOD ITEMS OF WIINOOU TROUT COLLECTED AT llAT CREEK AND BONAPARTE R l V E i  STATIONS. JUNE. 1977 

Interval 7wm) Fish  Len t h  

0-50 

-~ 

51-100 

101-150 

151-200 

,200 

Sta t ion  7 (Lower  Hat  Creek) 
Taxa 

n - 0  
_" ss 

Ephemeroptera  (N) 

Ilewatoda 
Diptera (L) 

n = 10 

Ephemeroptcra (N) 
Plecoptcra (N) 

n = l  
Trichoptera  (L) 

llcmatoda 
Trichoptera ( L )  

" = I  
Diptera (1) 

Trichoptera (1) 
Ephemroptera (ti) 
I, = 1 

0.3 
1.7 

24.3 

0.0 

0 .1  
2 .s 

69.0 
0.6 
0.6 

3.1 
0.9 

Sta t lon  10 (Upper Hat  Creek) S ta t lon  14  (Upper llat  Creek) 
Taxa s o  
n = O  

Diptera ( L )  

n - 4  
Ephemeroptera (N) 

Ephemeroptera (N) 
Diptera  (L) 

Anne 1 i da 
n =  I 

A w e 1  Ida 
Diptera ( L )  

Trichnptera  (L) 
n =  3 

Anne1 Ida 
Nematoda 
I l ip tcra  (L)  
n.5 

3.1 
0.2 

0 .3  
1.9 

I .6 

I .2 
- 

82.5 
0.3 

- 

Taxa s o  

Ephemeroptera (N) 1.5 
n -  1 

Ephemeroptera (N) 0.2 
Diptera ( L )  4.2 

n - 6  

Diptera ( L )  
Ephememptera (H) 0.1 

4 .1  

n = 4  

Diptera (L) 
n = 3  

n = O  

1.9 



I n t e r v a A )  
F l r h  Len th 

0-50 

" 

TABLE 4-45 

FORAGE RATIOS ( S l O )  FOR W O R  BENTHIC  FOOD ITEIIS OF RAINBOW TROUT  COLLECTED  AT HAT CREEK N I O  BONAPARTE RIVER STATIONS.  AUGUST. 1971 

51-100 

101-150 

151-200 

,200 

' N = nynph 
L = la rvae 

S t a t l o n  1 (Oonaparte  Rlver) S t a t l o n  I (Oonaparte  River) Sta t ion  5 (Lower Hat  Creek) 

Taxa s 6. Taxa S B  Taw S B  

0 ' 0  

n - 0  

n = O  

Trlchoptera  (L) 
Ephenaroptera (N) 

n = O  

n = o  n =  1 

n - 0  Ephemeroptera ( t l )  
Olptcra  (L)  
Plecoptera (H) 
n -  1 

n - 0  Nemtoda 
Oiptera  (L)  
Ep lmeroptera  (ti) 
" - 4  

2.9 Diptera  (L)  
0.1 

0.2  Coleoptera  (L) 
n = 2  n -  1 

n = O  n . 0  

1.4 
0.2 
0.8 

- 
0.8 
0.3 

2.0 

S t a t i o n  6 (Loner H a t  Creek) 

Taxa S B  - 
Epheneroptera (N)' 1.3 
Diptera  (L) '  1.1 
n -  I 

Epheneroptera (N) 0.6 
Dip tera  (1) 1 . 3  

n -  4 
Tr lchoptera  (1) 1.1 

Tr lchoptera  (L) 2.2 
Epheneroptera (N) 0.4 

n - 6  
Dlp tera  (1) 0.9 

n - 4  

Plecoptera (N) 3.0 
n -  1 
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TABLE 4-45 Cont'd'. 

FORAGE RATIOS ( V U )  FOR W O R  UENIillC FWD I l E l l S  OF RAItiOOW TROUT  CDLLECTED  AT liA1 CREEK AND 8MIALPARIE RIVER STATIDNS.  AUGUST. 1971 

51-100 

101-150 

151-200 

.zoo 

S t a t i o n  7 (Lower  Hat  Creek) 

Taxa s u  
Ephemcroptera (N) 

n = 2  
Diptera (1) 

Epknleroptera (N) 
D ip le ra  (1) 

n - 8  
Tr ichoptera ( L )  

Trlchoptera ( L )  
Ephclneraptera (N) 

n = 6  
Dip tera  ( t )  

" - 4  
Trlchoptera (L) 

I .2 
I .8 

0.8 
0.9 
2.1 

2.5 
0.7 
0.6 

1 .o 

0.6 

Ephemeroptera (N) 
Oiptera ( L )  

n = l  
Tr ichoptera  ( L )  

Dip tera  (L) 
Ephemeroptera (N) 
Coleoptera ( L )  
n - 8  

Dip tera  (L) 
Ephenrroptera (N) 
n - 6  

Ephemeroptera (N) 

l r i c h o p t e r a  (1) 
Dip tera  ( L )  

" - 4  

Dip tera  (1) 
CphcnlerDptcrd (N) 
n - 3  

1.2 
0.9 
1.3 

2.6 
0.5 
6.0 

2 .6  
0.3 

0.8 

0.0 
0.9 

1.6 
0.3 

S t a t i o n  14 (Upper  Hat  Creek) 

Taxa S B  

n = 0  

- 

Dlptera  (L) 
Ephcmeroptera (N) 
Trichoptera (1) 

n =  7 
Plecoptera (N) 

Dip tera  (1) 
Ephemeroptera (N) 
n = 5  

D ip te ra  (L) 
n = 6  

Dip tera  ( L )  
n -  3 

3.1 
0.2 
0.2 
0.1 

2.5 
0.2 

1.9 

1.5 
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m for pupae, emergents  or adults sjnce they are not a part of the benthic community, 
nor were  they calculated for benthic taxa which appeared to be of minc'r dietary 
importance. - 
In September 1976, forage ratios for Ephemeroptera nymphs varied from C.4 to 
2.2 indicating they  were  fed upon in approximately the  same proportion they 
occurred in benthic  samples (Table 4-43). These values may be expected con- 

I 

I sidering the  abundance of Ephemeroptera in most benthic samples and stomachs 
of smaller fish. Forage ratios for Trichoptera larvae ranged from 0.3 to 10.2, 
but most were slightly greater than 1.0. Except for the  minimum and saximum 
values, rainbow trout appeared to utilize  Trichoptera in about the same or 
in slightly greater proportion than they occurred in the benthic community. 
Forage ratios for Diptera larvae (1.5 to 2.0) also indicate a slight select- 
ivity by'fish. The forage  ratio for Plecoptera nymphs (0.6), on  the  single 

il 

- 
I occasion  they  were among the three  most abundant food items, suggests a slight 

.. for Nematoda and Coleoptera larvae, the  other major benthic food groups, were 

- selection  against or difficulty in utilizing this food by fish. Forag? ratios 

relatively high (in several cases infinity when none occurred in benthic 
samples). This indicated a  high degree of selection for these  foods by fish 
or their  occurrence in a particular habitat not sampled during benthic invest- 
igations. 

I 

.I 

In June 1977,forage ratios for Ephemeroptera nymphs at Stations 1, 3, !5, 6 - and 7 ranged from 0.8 to 3.7 with  most values approximating 1.0 (Table 4-44). At 
Stations 10 and 14, forage  ratios for this food were  usually much less  than 
1.0 indicating a greater  selection against or difficulty in utilization than 
at stations further downstream. The pattern of forage  ratios for Diptera larvae 
was opposite that  for Ephemeroptera nymphs. Values in the Bonaparte R,'ver 
and Lower Hat Creek were usually less than 1.0 while  those in Upper Hat  Creek 
were usually greater than 1.0. Forage  ratios for Trichoptera  larvae varied 

U 

m 

.I from 0.5 to 6.8 but were usually greater than 1.0. Forage ratios for 
Plecoptera nymphs ( 2 . 5  - 5.3) similarly indicated a selection for or ,?ase 

I 
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in utilization. Values for Nematoda and Anneldia were extremely high (in four 
cases infinity) and may have resulted from the same effects described for the Sept- 
ember 1976 sampling. 

In August 1977, forage ratios for Ephemeroptera nymphs ranged from 0.1 to 
1.4 in the Bonaparte River and Lower Hat Creek  and from 0.2 to 1.2 ir Upper 
Hat Creek (Table 4-40). As  in June 1977, values for this food were senerally 
lower at Stations 10 and 14 than at stations further downstream. The pat- 
ern of forage  ratios for Diptera larvae in August 1977 was similar to that 
in June 1977. Forage ratios for Diptera larvae in the Bonaparte River and 
Lower Hat Creek were close to 1.0 and ranged from 0.6 to 1.8. Those at Stat- 
ions 10 and 14 in Upper Hat  Creek were usually higher and varied from 0.2 

i 

9 

0. 

I 

m t o  0.9 and were usually lower at Stations 10 and 14 than further downstream. 
Forage ratios for Plecoptera nymphs were 0.1 .and 0.8 and lower than in August. 
Forage ratios of 2.0 and 6.8 for Coleoptera larvae on  the two occasions they 
were a major food indicate selectivity by fish. The forage  ratio for Nema- 
toda on the  single occasion  they were a major food was infinity. 

I 

.I) 

m (c) Concluding Discussion 

A variety of habitats existed in Hat  Creek from its headwaters to mou-:h, 
ranging from a series of beaver dams 'in both upper and  lower reaches ':o fast 
flowing water in the  canyon and  chute. General distinctions in terms of fish 
habitat can be made between Upper  Hat Creek, which consists of both pool  and 
riffle areas and slower  flowing  water and Lower Hat  Creek where rifflt?s were 
more numerous and currents  generally swifter. The division between Lower 
and  Upper Ha: was designated primarily by habitat characteristics. Kilometers 
0 - 22.4 encompassed the Lower Hat  Creek section with areas above km 22.4 

m 

L 

m being considered as Upper Hat  Creek. Overall, Hat  Creek appeared to p-ovide 
good habitat for rainbow trout. 

I 
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Substrate  ranged  from  silt-sand in  pools  to  boulders in areas  exhibiting 
. steeper  gradient,  although  gravel and small  pebbles  appeared  to be most  com- 

mon. Stream  depth  ranged from about 25 m in shallow  riffles  to  approximately 
1.5 m in deeper pools.  Stream  width  varied from about 1.5 - 9.0 m with  dist- 
ances  usually  greater in downstream  than  upstream  reaches.  Most  banks  app- 
eared  stable  except in canyon  areas  which  exhibited  deeper  cuts and  steeper 
banks.  Bank vegetation  varied from grass  to  treei,  nearly  all  of  which  were 
deciduous,  with brush  to.smal1-sized  trees  predominant.  Banks  were  often 
barren in canyon areas  due  to  steepness. 

The  influence  of  man  appeared  minimal  except in Upper  Hat  Creek  where signs 
of livestock  were  noted  along  banks  and  part of the  stream-flow  had  besn  diver- ' 

ted for irrigation.  Several  man-made  rock  barriers  were  noted  in  Lower  Hat 
Creek. 

The  Bonaparte  River  can be characterized as swifter  flowing and  larger  than 
Hat  Creek.  Width  varied from approximately 9 to 30 m and  depth from several 
cm  to  at  least 1.8 m. Substrate  appeared  to  consist  primarily of gravel  and 
pebble,  although  silt-sand  was noted  in slower  reaches  with  boulders ill down- 
stream  reaches  where  the  river  gradient  increased. Bank stability appdred 
good  except in canyon  areas  downstream  near  Station 1. Vegetation  types  varied 
from grass, brush  or  trees in upstream  reaches  to  sparse  grasses  along  barren 
cliff wallsin the  vicinity  of  Station 1. Overall,  fish  habitat  appeared good, 

with pool;, runs and riffles  observed  from  Station 1 upstream  to  Station 4. 
Figure 4-22.presents a longitudinal  profile  of  Hat  Creek  with  rainbow .:rout 
and benthic  invertebrate  densities. 

The  benthic  communities  of Hat  Creek  and  the  Bonaparte  River  were  typif'ied 
by organisms  characteristic  of c,lean water  conditions.  There  appeared  to 
be  no  environmental  factor  which  significantly  hindered  the  development  of 
.complex invertebrate  systems.  The  Upper  Hat  Creek  reaches  were  somewhet  lesj 
stable than  the  lower  areas  which  may  have  been  a  reaction t o  agricultLra1 

4 -. 150 



T 

ONGITUDINAL PROFILE 
jF HAT CREEK- 
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ish D = Density of Rainbow trout /m Of s:ream 
* September 1976 June 1977,I 

August 1977- 

R = Range o f  total lengths for Rainbow 

June 1977 , August 1977 
trout (mm) - September 1976, 

3enthor :Totals numbers/rn -September 1976 , 
June I977 , August 1977 

+ 

STATION 10 
,, 

-ish D = 0.64,0.73 , 1.32 
- 

R = 49- 210 ,71- 255 , 42-219 

3enthos : 523 ,882 , 1232 

STATION 14 
'ish D = 1:19,0.62,0.64 

- 

R s 44-224,50-244,73-241 

3enthos 392- 1130 , 1517 

STATION 15 . 
'ish D 0.40,0.57,0.13 

- 

R = 31-236,44-227,63-92 

3enthos : 835,3846,2484 

LENGTH FROM CONFLUENCE WITH THE .EONAPART€ RIVER IN KILOMETRES 

STATION 6 STATION 7 
Fish D = 0.26,0.38,0.34 Fish 0 = 0.28,0.45,639 

! 
STATION 5 
Fish D =,0.~9,0. l~,0. l l  

R = 50-81,64-134,36-187 

Benthos; 636,3107,1363 
R =40-127,  70-201 , 39-207 

Benthos : 448 , 2082,1419 

R = 35-156,66-187,32-216 

Benthos: 636,984,1691 
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activities near this section of stream. Stations are depicted in Figure 4- 

22. 

Dominant foods  for rainbow  trout were aquatic insects. Ephemeropterz nymphs 
and Diptera larvae were particularly important, especially to smaller-sized 
fish. The general importance of these two  foods in the diet  of trout cor- 
responded to their general y high relative abundance in the benthic comun- 
ity. Ephemeroptera nymphs were usually  more important in the diet of  trout 
in the  Bonaparte River and Lower Hat Creek while Diptera larvae were more 
important in Upper Hat  Creek. Forage ratios indicated fish utilized these 
foods in approximately  the  same proportion they occurred in the environment. 
Similar to  food habits, forage ratios indicated some  selection for or ease in 
utiliz.ing Ephemeroptera nymphs in Lower Hat Creek and Diptera larvae in  Upper 
Hat  Creek. 

Foods which were important to larger-sized fish and relatively abundant in 
the benthic community included Trichoptera  larvae and Plecoptera nymphs. 
The prominence o f  Hymenoptera and Coleoptera adults in stomachs of la-ger 
trout in Lower Hat Creek in June and August reflects the importance o f  drift 
organisms in the diet. 

The above data indicated that rainbow trout are successfully utilizing foods avail- 
able to them. Field observations and calculation o f  condition factor:;  and 
length-weight curves showed most trout were in good condition, 5ndicative 
o f  an 'adequate food supply. 

Rainbow trout were the dominant fish  species in Hat  Creek. Mountain white- 
fish were also distributed throughout  most of Hat Creek, but in much maller 
numbers than rainbow trout. Bridgelip sucker, longnose dace and leopwd dace, 
the  three most abundant fish collected in the Bonaparte River,  were ci.ptured 
only at the dowr:stream most station in Hat  Creek. 

a. 
. -. 

* 

Densities of rainbow trout were usually greater in Upper than Lower Hi,t Creek. 
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In  addition,  larger rainbow  trout  were  better  represented  and  comprised a 
greater  proportion of the  catch  in  Upper  than  Lower  Hat  Creek;  Young-of-the- 
year  rainbow  trout  were  collected  throughout  Hat  Creek.  Reasons  for  density 
and  size  differences  between  areas  of  the  creek  may be  related  to  the  variety 
and  quality  of  habitat.  Upper  Hat  Creek  contained  numerous  riffle  areas  which 
serve  as  spawning  grounds  for  adults  and  nursery  areas  for  young,  as  well 
as  many  pools  with  deeper,  slower  moving  water  which  provided  cover  for  adults. 
Conversely,  Lower  Hat  Creek  contained a greater  proportion  of  riffles  [good 
spawning and  r.iffle areas)  but  a  lesser  proportion of pools  (reduced cclver 
for adults)  compared to Upper  Hat  Creek. 

'Total  lengths of 
and ages  from O+ 
at  age 1, 108 mm 
5,  and 225 mm at 
nearly  identical 

rainbow  trout in  Hat  Creek  ranged from  about 30 to 25Cl mm 
to 6+. Back-calculated  lengths  at  various  ages  were ft4 mm 
at  age 2, 143 mm at  age 3, 173 mm at  age 4, 197 mm at  age 
age 6. Back-calculated  lengths  of  males  and  females  were 
The  oldest  female  was  age 5+ and the  oldest  male  age 6+. 

Comparison  of  the  above  age-length  data to.the literature  indicates  Hat  Creek 
fish  are  slow  growing  but by no  means  stunted.  Hat  Creek rainbow trout  age- 
length  relationships  may  well  be  typical of  similar  sized  streams  in  interior 
British  Columbia. 

The similarity  of  mean  back-calculated  lengths at a given  age  among  year  classes 
indicated  growth  of  rainbow  trout in Hat  Creek  has  remained  relatively  con- 
stant  over  the  past  several  years.  Considerable  variation  was  observed  among 
individual  lengths  within a year  class  and  appears  to  be  primarily  due  to 
an  extended  spawning  season  and/or  variation in individual growth  during  the 
first  year of  life.  Differences in lengths of older  fish  were  observed  among 
stations.  Older  aged  fish  were  larger in Lower  compared to Upper  Hat  Creek, 
a pattern  inversely  related  to  that  of  fish  density.  Growth  appeared  t3  be 
slowest at  Station 10 in Upper  Hat  Creek, a sampling  location  which  often 
exhibited peak densities.  Factors  such  as  available  food,  space or  cov?r 
may  limit  the  growth  of  rainbow  trout in Upper  Hat  Creek.  The  overall  quality 
and quantity of  fish  habitat  may limit fish  densities,  particularly  densities 
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I of larger specimens, in Lower  Hat  Creek. - 

m Rainbow trout appear to spawn  throughout Hat  Creek a; evidenced by the! toll-. 
ection of sexually mature adults and young-of-the-year at all station!:. Exam- 
ination of gonads indicated  spawning  occurred  primarily  between  mid-June  and 
late July. .Water temperatures  were  approximately 10-14°C during  this  time. 
Literature states young emerge  from  gravels  approximately 4 to 7 week:, following 
spawning. At Hat  Creek  Stations 5 ,  6, 7 and 10, young were first captured 
in early- August. The absence of young from samples taken  upstream  of  Station 

L1 

I 

I 10 in August suggests spawning  occurred  later or  growth  of young was  ;ess 
rapid than further downstream. In the  Bonaparte  River, young rainbow  trout 

I were first collected in June,  indicating  spawning  occurred  earlier or young 
grew more quickly than  in  the  creek.  Water temperatures  were approxinlately 
2-4OC higher in the  river than  creek  in June and  could  have  induced  earlier 
spawning in the Bonapzrte. 

n 

r The predominance of young rainbow  trout in Lower  Hat  Creek  kuggested  the  import- 

I adult rainbow trout migrate  upstream from the Bonaparte  to  spawn in  Lcwer 
ance of this reach as a  spawning  ground 5n-r-e.a: 'It  is  likely that 

Hat Creek, even though  potential  spawning  gravels  were  observed in the  river. 
1 However, because of natural  barriers  such  as  the  chuti  and  numerous be.aver . 

dams, such spawning migrations  probably  extend no more  than  about 6 kir up 
Hat  Creek.  Beczuse  of  sizilar  barriers  presented by beaver  dams further up- 
stream, intra-stream movements o f  fish in'Hat Creek'may be  limited.  It is 
probable that  the  existance  of  potential  spawning  gravels and. deeper  cover 
ar.ezs interspersed  with beaver  dzms  in most  sections  of Hat  Creek  has  resulted 
in largely self-sustaining  pspulations . o f  rainbow  trout within short  reaches 

I 

Q 

I of Hat Creek. 

I Other fish which probably spawn'in  .the extreme 10w2r  reaches of Hat Creek 
are bridgelip sucker, longnose  dace and  leopard  dace.  Sexually  mature sucker 
and longndse dace  were  collected i n  the river or creek in June. Examination m 

.. .. 
.. .- . o f  gonads of adult  mountain  whitefish  collected at Station 7 in Hat Creek 

a 
indicated these fish would  spawn  during  Fall.  Sexually  mature  redside  shiner 
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were collected in the  Bonaparte River during June and may also spawn in the 
extreme lower reaches of Hat Creek. 

Population estimates for rainbow trout in' Hat Creek ranged from approximately 
18,000 to 23,000. Approximately 35 - 45 % of the total number was estimated 
to occur in Lower Hat Creek,  an area which comprised about 60% of the length 
of the  entire Hat Creek system. Estimates for rainbow trout greater than 
150 mm (about 6 inches in length) ranged from approximately 3,500 to 5,000. 
Even though size  classes  were better represented and population estimates 
higher in Upper compared to Lower Hat Creek, a viable fishery appears to exist 
in  both areas of the system. 

Population estimates were not made for rainbow trout in the  Bonaparte iiiver 
-since swift,  deep water prevented. effective sampling. However, specie:; coll- 
ected during  the three surveys (bridgelip sucker, longnose dace, leopard dace, 
rainbow  trout, brook trout, mountain whitefish and redside shiner) are probably 
representative of those actually.found in the river system. 

il) - 
fributaries to Hat Creek appeared to provide negligible  fish habitat compared 
to that in the  creek. No fish were observed in Goose/Fish Hook or Finrley 
Lakes. 

The Hat  Creek system, in total, displayed a variety of habitats which .in turn 
supported a variable spectrum of faunal components i n  terms OF fish populations 
and benthic invertebrate communities. An analysis of these biological entities, 
with their inherent ecological relationships, enabled a critical evalu~tion 
of present system status. These  data will facilitate projections to expected 
conditions given definable environmental perturbations. 
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5.0 PROJECT IMPACT 

The fundamental  purpose  of the study i s  t o  assess what inpacts  the prcposed 
developnent m a y  exert  upon the existing environmental characteristics  of the 
area. b l i t h i n  this report  the f isher ies  and benthos resources  are the focal 
point of attention. 

The method of  impact assessment using matrix techniques has been described i n  
Section 3.4. The organizational framework w i t h i n  which the assessment i s  
presented consists of a broad  geographical d iv i s ion  based on regional,   offsite 
and local (Hat Creek Valley)  areas  with  further  activity  division based on 
construction,  operation and decommissioning  phases where appropriate. Dis- 
cussion is subsequently structured on interactions between project   act ivi t ies  
and environmental character is t ics ;  the direction .of interaction being from 
project a c t i v i t i e s   t o  environmental characterist ics.  . .  

The environmental  impact matrix for   f isher ies  and benthos  resources i s  presented 
on Figures 5-1 (Operation and Construction) and 5-2 (Decommissioning). For 
purposes  of  impact analysis,  the  entire  study  region was sectioned i n t . 1  a series 
of zones. Zone A includes the mine, plant and majority  of  offsite  facili’ties. 
Zone E extends beyond Zone A t o  a distance of 15 km-east, 15 km west, :!5 lan 
north and 25 km s o u t h  of the  impact center s i t u a t e d  i n  the middle of Zone A. 

Zone C extends beyond  Zone 6 t o  a distance o f  30 km east and west, and 40 ka 
north and south. Beyond  Zone C,  a 100 km demarkation  encloses Zone D. W i t h i n  
Zone D i s .  the area where measurable  physical affects  of the Hat  Creek project 
may be realized. Because many o f  the project  effects are anticipated t o  be 

localized, Zones E ,  C and D have been divided i n t o  quadrants, each numbered 
clockwise beg inn ing  w i t h  the  northwest  section  [i.e. 81, B2, B3, 84, etc.). 
Thus,  the broad geographical  divisions  of  regional,  offsite and local hecome 
specified as  follows: 

Regional - C, D 
Offsite - C3 
Local - A, B 

I 5 - 1  
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Activi t ies   associated w i t h  development of the Hat Creel: Project w h i c h  are 
expected t o  impact  benthic and fish'populations during  the construction, 

,.operation and decommissioning phases of the project are  listed i n  Figures 
5-1 and 5-2. Impacts have been categorized  according t o  the developmental 
a rea   (p lan t ,  mine, o f f s i t e )  i n  which an ac t iv i ty  will occur. The predicted 
degree of impact  '(minor,  major) and type of impact (negative, beneficial)  
a r e  also listed. Those instances where impacts are not  expected, b u t  could 
occur if precautionary  measures  descrl'bed by B.C. Hydro f a i l ,   o r  where i n -  

suff ic ient  information-is -- . avai lable  to;make a definitive  assessment  are des- 
ignated  as  f l . avsu rn t .  L - - b ~ ~ - ~ ~ * t -  

. . . .  

5.1  REGIOFIAL IMPACT 

Those-pro jec t   ac t iv i t ies   in te rac t ing  w i t h  the  regional  aquatic  resources can 
be spec i f ied   as  the  construction and operation of  a n  intake  structure on the 
Thompson River and the  emission t o  the atmosphere associated  with  plant  opera- 
t ion.  Both interactions  are  considered  in  detail w i t h i n  other  environmntal 
. r epor t s   fo r  Hat  Creek Project,   specifically  the  Intake Study and Air.Quality 
Study.  Insofar  as an ini t ia l   inventory of the  regional  aquatic  resources has '~ 

been included i n  this  study, and shal l  se;ve as an information  base for other 
g roups ,  . the  interactions between p l an t   a i r  emission and f i sh  i s  designated  as 
ambivalent. 

5 :2 OFFSITE IilPACTS 

The o f f s i t e   a c t i v i t y  component o f  the Hat Creek Project has been defined i n  a 

project   descr ipt ion t o  include  not  only  the  access road,  cooling water supply, 
transmission  system,  airstrip and  equipment off loading  s i te  b u t  also t h e  diver- 
s ion  of  Hat Creek. Notxiinstanding this structural   aspect of project  organiza- 
t ion ,   ac t iv i t ies   assoc ia ted  w i t h  the  diversion and storage of water which are 
des igna ted   as   o f fs i te   ac t iv i t ies ,   do .not   fa l l  w i t h i n  the  geographically  defined 
of fs i te   a rea .   Therefore ,   these   ac t iv i t ies  have n o t  been assessed  Ilerein b u t  
ra ther   ace  placed  as an integral  component of the Hat  Creek Impact.  (Section 
j . 3 )  which .  corresponds t o  the  area  in which t h e i r  impacts  occur. 
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( - ~  ., Given this aer ia l  d iv is ion  of offsi:te ac t iv i t i e s ,  no major impacts 'n the . .  . 

m - of f s i t e  area are ident i f iable ,  Those minor negative and beneficial impacts 
identified a re  primarily  associated w i t h  the following  activtties: 

I 

Construction 
1) access  roads and pipellne stream crossings (C3); 

II 2) reseeding  of  cut surfaces and road paving  (C3); and 

.I Decommissioning 
3)  erosion and drainage  control (C3). 

n 
Construction of the  plant  access road and water  pipeline  will  require  stream 
crossing of the Bonaparte River, Cornwall Creek, MacLaren Creek a n d  a number 
o f  smaller  intermittent  streams which drain i n t o  these  systems.  Associated 
construction and deconissioning  activities  including  trenching,  culvert 

.. 
I implacement, backfil l ing and s lope  s tabi l izat ion may resu l t  i n  stream altera- 

.. 
. tions which could have negative impacts t o  stream  benthos and fish. 

aDi 

In a l l  streams  crossed or paralleled by the proposed access  road and pipeline, 
except  the Bonaparte River, none are  suspected t o  support  significant fish 
populations and hence impacts related t o  fish  are  considered  negligible. Short-  

II 

. term losses  in  benthic  standing  crops  will  result a t  stream  crossings due t o  
a material emplacement and potent ia l   s i l ta t ion of downstream h a b i t a t .  . 

II Possibi l i ty   for  impact to   f ishes  m a y  occur i n  the lower  Bonaparte  River. The 
lower Bonaparte  provides spawning habi ta t  f o r  p i n k  salmon, steelhead and some 
chinook salmon. Resident rainbow t rout  u t i l i ze  this reach  year-roun3. 

.I 

The water pipeline and access  road  are proposed to  cross the Bonaparte River 
approximately 0.40 km upstream from i t s  confluence w i t h  the Thompson River. 
Observations of the International  Pacific Salmon Fisheries Camnission in  1977 

'?* 

m .- indicated  approximately 66% o f  the  total numbers of p i n k  salmon coun-:ed in  the 
r iver  were u t i l i z ing  spawning grounds located w i t h i n  the  im,ediate  v'lcinity and 

- ( .  downstream o f  the proposed crossings (F. Andrews, pers. comn.). Totiil estimated 
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escapement i n  1977 i n  the Bonaparte  River' was 611 fish. ,Mean average  escape- 
ment for the period of record 1957'- 1971 i s  788 fish duri,ng odd  numbered 
years. - - 
Stream  diversion and trenching  activit ies  associated w i t h  a buried pipeline and 
road  crossing will require   s ignif icant   s t ream  al terat ions which could r e su l t  i n  
-seri.ous degradation o , f  the exis t ing   qua l i ty  of spawning bed materials.  Should 
construction  occur  dtfing  the e g g  incubation'and pre-emergent periods (Septem- 
b e r . t o  March)., i t  can be an t ic ipa ted   tha t  s ign i f icant  losses  could result d i -  
r e c t l y  frm hab i t a t   a l t e r a t ions  and ind i rec t ly  by excessive  sedimentation o f  
.spawning beds  located below the construction  si te.   Potential  losses t o  chinook 
and s teelhead spawning would l ike ly  be minor considering the  generally low 
,numbers thought t o  u t i l i ze   the  lower  Eonaparte  River. 

Temporary stream  blockage may r e su l t  d u r i n g  construction  of  stream  crossings 
due t o  s i l t a t i o n  or veloci ty   barr iers .  However, i f  periods  of peal: migration 
are avoided  (September - October)  delays t o  species other than p i n k  salmn 
would be short  term and l ike ly   exer t  minor impact. 

The preparation o f  the access road surface  with  regard t o  paving,  seeding. and 
f i l l ing   sur faces   to   p revent   e ros ion   wi l l  be of a minor beneficial  inpact t o  
inver tebra te  communities i n  area E 2. Paved and seeded  surfaces  will minimize 
the ' f low  of  suspended particulate  matter i n t o  fresh  water  areas,  colsequently 
m i n i m i z i n g  impingement on aquatic  resources. 

. .  

- 

5.3 HAT CREEK INPACT 

The Hat Creek system has been described as i t  presently  exists 
The goal  of the Hat Creek area impact  assessment i s  t o  predict 
o f  the  system m i g h t  be,  given that  the  project  proceeds. This 
considers the "with"  project  case. 

!1oreover,.to  provide a bas i s   for  comparison between the " w i t h "  

i n  Section 4.3. 
what the  nature 
sect.ion  then 

cases, a descr ipt ion of what the  nature of the  future system m i g h t  be without 



the  project i s  needed. To undertake this prediction,  basic assumptions have 
been made. I t  i s  assumed t h a t  the 1976 and 1977 time  period during which the 
f isher ies  and benthos surveys were undertaken i s  a time  period which i s  gen- 
erally  representative o f  the system and that  the  physical and chemir:al char- 
ac te r i s t ics  of the  watershed,  angler use and success  rates  in Hat C-eek will 
be similar i n  the f u t u r e  as  they have  been for  the  past  four  or  five  years. 

Without the Hat Creek Project,  benthic  cornunities and f ish populations in Hat 
Creek i n  1980, 2015 and  2022 will be similar  to  those a t  present. 'These three 
dates  correspond to  the scheduled  construction comnencement, operation-comple- 
t i o n  and decomissioning-completion of the plant  if  development o c c m .  Rain- 
bow trout  will  be the dominant f i sh  i n  Hat Creek. Mountain whitefish  will 
also occur  throughout Hat Creek, b u t  i n  much smaller numbers than rsinbow t r o u t .  
Lower reaches of  Hat  Creek will support fishes such as  bridgelip  sucker, long- 
nose dace,  leopard  dace, and possibly  redside  shiner. 

Total numbers of  rainbow trout  in Hat  Creek will be approximately 23,000. About 
one-third t o  one-half  of  these  will  occur i n  Lower  Hat Creek. About 4,000 t rout  
will be longer  than 150 m (about 6 i n . )  total  length.  Densities of this   s ize  
trout will generally be higher i n  Upper  compared t o  Lower Hat Creek, possibly 
because'of a greater  variety and quality o f  fish habitat  there. Rainbow trout 
which are  longer than 250 mm or  older than 6 years will be uncomon in Hat 
Creek. 

Rainbow trout  will  spawn the  length of Hat Creek, primarily between  mid-June and 
late  July,  Emergence of fry  will  occur from late   July th rough  SeptEmber. Lower 
Hat  Creek will be uti l ized  as a spawning ground by rainbow trout migrating up- 
stream from the Bonaparte River.  Further upstream movements will b l  limited by 
barriers such  as  beaver dams and the canyon. 

Rainbow t r o u t  will  feed  primarily on aquatic  insects, Ephemeroptera nymphs and 
Diptera  larvae  will  probably be dominant foods  with  Trichoptem.  larvae, Plecop- 

tera  nymphs and Hymenoptera  more important t o  larger  f ish.  In general,  trout 
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will   u t i l ize .   these foods i n  about the same proportion  as  they  occur i n  the 
I environment. Few stomachs should be empty and fish should be i n  gcod condi- 

tion. 

.I 

Impacts on benthlc and fish populations  during  construction,  operat.ion and 
decomnissioning phases will be of two general  types. The first  wil l   resul t  

1 from the direct   physical   al teration of exlsting water  bodies i n  Hat Creek 

valley. The second will be more indirect in  nature. I t  will   result  from 
m the. addition of  suspended  and/or  dissolved  solids t o  Hat Creek. 

m 
The nature,  degree and location of  impacts on benthos and fishes dLr ing  
construction,  operation and decomissioning phases i s  discussed i n  detail  
herein.  Associated  mitigative and compensatory measures are  discussed  in 
Sect,ion 6.0 L 

m 
( i )  Construction (1980) 

I- 

( A )  Physical  Alteration 

I Activities which will result i n  the physical  alteration of existing  water 

I sumarized by developmental area below: 

bodies, and specific  areas i n  which benthos and fishes  will  be impacted are 

Offsite - 
..1) di'version o f  a portion of Hat Creek th rough  an a r t i f i c i a l  channel or 

canal  (Areas A,  82);  
(I 2 )  establishment of reservoirs on Hat Creek (Area A )  ; 

- :4i ne 
3)  clearing of Medicine Creek and i t s   va l l ey   fo r  use as a spoils  disposal 

area (Area A ) ;  
(.. 

4)  de-watering o f  Finney a n d  Aleece Lakes (Area A ) ;  and 

- 3  P l a n t  

5) construction  of  ash  lagoons  in Medicine Creek Valley (Area A). 
I 
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Since each of the above impacts i s  spec i f ic  t o  a certain water body 5r portion 
o f  a water  body,  they  are discussed separately. I t  should be noted t h a t  the 
a c t i v i t i e s  .associated w i t h  the diversion of  Hat Creek effect ively preempt those 
impacts specific t o  actual mine construction. 

- .  

- 
- 

The major  impact on fish and benthos d u r i n g  the construction phase. will result 
from the  divers ion '  of water from Hat Creek t c  an a r t i f i c i a l  channel or canal. 
The divers ion will extend from about km 23.0 immediately downstream of  Anderson 
Creek t o  km 21.0 about 2 km downstream,of Station 7. T h i s  will result i n  the 
loss of approximately 7,000'm o f  aquatic  habitat  and the b i o t a  occurring there- 
i n .  The potent ia l   for  this reach o f  Hat Creek to  produce  about the same numbers 
3f benthos and fish i n  future  years as . i t  does a t  present will a l so  be lost. 

Based on the 19.76 - 1977 f isher ies   s tudies  i n  Hat Creek, estimated rumbers o f  
rainbow t r o u t  occurring between km 21.0 and krn 23.0 ranged from about  3,000 
t o  5,000. ' Estimates for fish  larger.  than 150 mm varied  from'approximately 400 
t o  1.200 individuals.  Population  estimates for t h i s  reach o f  Hat Creek i n  1976 
and 1977 are  presented by fish length  interval and sampling  period i n  Table 5-1. 

Loss of  7,000 m of Hat Creek represents an approximate 17% reduction o f  aquatic 
h a b i t a t  i.n Upper and Lower Hat Creek combined (km 0-41). In terms of t o t a l  
nmbers of rainbow trout i n  Upper and Lower Hat Creek, these losses would re- 
present an  approximate 15-16% reduction i n  population  size. Expected reduction 
i n  numbers o f  trout  greater  than 150 mrn length i n  Hat Creek i s   e s t ima ted   a t  
11-24Z. In  sumary,  diversion o f  Hat  Creek wi l l   resu l t  i n  the loss o f  existing 
benthos  and f ish,  fu ture   f i sher ies   y ie ld  and the  aesthet ic  enjoyment of a por- 
t ion  o f  a free-floving  stream i n  i t s  natural   state.  

. -  

The actual  diversion of water from Hat  Creek will occur i n  two step:.. After 
construction  of a dam approximately 15 m h i g h  immediately downstreanl from the 
mouth of Anderson  Creek,  Mater will  be diverted t o  the  ar t i f ic ia l   channel .  
Hater from a second reservoir dam about 9 m high, t o  be constructed  fur'ther 
downstream on H a t  Creek near Finney  Creek, will  be pumped t o   t h e   a r t i f i c i a l  
channel.  Eventually  there  will be no free-flowing  stream or associated  f ish 
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TABLE 5 -  1 

E S T I M T E D  NUMDERS OF WINDOW TROUT I N  HAT CREEK DY LENGTH  INTERVAL (mn) 

BETWEEN KILOMETERS 21.0 AND 2R.D DURING SEPTEMBER, 1976 AND JUNE AND  AUGUST, 1977 

L e n g t h  

I n t e r v a l  (mm) 

0-100 

101-150 
151-200 
201-250 

7-250 

S a m p l i n g   P e r i o d  

S e p t e m b e r  1976 June 1977 A u g u s t  1977 

1,638 1,335 1,664 

1,313 1,659 2,070 
269 463 905 
112 240  278 

0 55 0 
- __ - 

TOTAL 3,332  3,752  4,917 
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habitat  between the two dams or   fur ther  downstream t o  the p o i n t  where the 
a r t i f i c i a l  channel re-enters Hat Creek Fish and habitat . losses  resLlting 
from the  creek  diversion were estimated above. 

Populations o f  rainbow t r o u t  i n  the reservoir,  near Finney Creek, coLld prob- 
ably  survive  for some time i f  adequate flow would  be maintained for  spawning 
and rearing  areas. U i t h  depths o f  9 m ,  the reservoir should provide  suitable 
habitat  and an adequate  food  supply fo r  a small number of trout. However, as 
there i s  no allowance fo r  continued  flows, i t  i s  assumed that  fishes  occurring 
i n  Hat Creek between the two  dams will perish. These losses were included i n  
previous  estimates of fish production and habitat  losses due t o  the'cliversion. 

,Establishmnt o f  a reservoir  near Anderson  Creek  would probably have both nega- 
t i ve  and  positive impacts on Hat  Creek fish and benthos.  Negative effects  would 
i,nclude  the loss o f  a portion of free-flowing  stream  as i t  presently  exists and 

i n  the  creek  upstream from this reservoir shguld n o t  be impacted."Water depths 
w i l l  extend t o  about 15 m and the food  supply,  expected t o  be primarily  Diptera 
and zooplankton,  should be adequate. ~ Because of i t s  greater volume, the  reser- 
voir  should  support a t   l e a s t  as many rainbow trout  as  presently OCCUI- i n  tha t  
por t ion   o f  flat Creek which  would be inundated .  Reservoir t r o u t  may r ; l s o  be 
faster   grwing and larger than  those  presently found i n  Hat Creek, and provide 
a .good fishery i f  the  public has access. Spawning and nursery  areas  should 
remain available  further upstream i n  free-flowing  portions of  Hat  Creek as well 
as.  Anderson Creek. 

. t he  fish  habitats and benthic communities therein. However, fishes  clccurring 

- 

An.additiona1  negative  impact,  related t o  the  establishment  of a reservoir near 
Anderson Creek, i s  the potent ia l  f o r  a greater  success of mountain whitefish 

.-compared t o  rainbow trout i n  Upper  Hat Creek. A t  present, rainhow t r o u t  are 
the  doninant  species i n  Hat  Creek with mountain whitefish  occurring i n  very 
-small numbers. blountain whitefish may benefit more  from a reservoir  habitat 

than rainbow t rout .  Nelson ( i n  Scott  and  Crossman, 1973)  noted the  adaptabil- 
- i ty  of  whitefish t o  altered environmental conditions.1  If such changes did 

.- 
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occur, this could be considered  deleterious  since rainbow t r o u t  are  g,enerally 
-considered a more at t ract ive  sport   f ish by anglers  than  are mountain whitefish. 

With continued flow from Hat and Anderson Creeks, pH in  this  reservoir should 
n o t  be excessively h i g h .  Goose/Fish Hook Lake, an alkaline pot-hole i n  the 
Hat Creek Valley, had  no i n l e t  or out le t ,  a pH of 9.9  and no signs of' f ish 
l i f e . '  However, zooplankton  (Cladocera) were abundant i n  shoreline  vegetation. 
Zooplankton should also  occur i n  the reservoir  near Anderson  Creek arid will 

-probably be  an important  food for   t rout .  

Xith  respect t o  nine  construction  activit ies,   the  clearing of Medicirle Creek 
- -and  the  surrounding  valley  for use as a spoils disposal  area  will rezult i n  

the loss of f ish  habitat ,   benthic communities and fish  in  this  water body. 
--Even though numbers  of t r o u t  and habitat  occurring  here  are probably negligible 

compared t o  t ha t  i n  Hat Creek, the i r   loss  and the  loss 0% the  stream  represents 
- a n  i r revers ible  impact on the fishery. . .  

Dewatering of Finney and Aleece Lakes wil l   resul t  i n  the  loss'of  existing 
-benthic communities and potential fish habitat. Al though surveys i n  Finney 
Lake i n  September 1976 indicate no fish  present,  the  lake appeared  c?.pable 
of supporting fish. B.C. Fish and Wildlife Branch personnel a t  Kamlclops 
s ta ted both  Finney and Aleece Lakes have supported  fish i n  the  past (S. J .  
McDonald, personal  comnunication). 

Construction o f  ash lagoons i n  the plant  area  will result in  a major negative 
.impact on the  benthic invertebrate-comunities. Invertebrate  system  inhabit- 
i n g  areas w i t h i n  the potential lagoon s i t e  will be eliminated. F i sh  are n o t  
known t o  occur a t  these  s i tes .  

I t  i s  assumed, given the existing development descriptions, t h a t  plans for  
-init ial   storage of fuels ,  containment  of  transformer  cooling f luids  c.nd sewage 
disposal du r ing  construction  will be such that  contaminants will n o t  enter 

.Hat Creek e i ther   d i rec t ly  t h r o u g h  run-off or indirectly through grourldwater. 
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Impacts  from these  sources have therefore been noted as ambivalent w i t h  t h e  
reservat ion  that  i f  fuel and  chemical contaminations  occur, a severe  impact 
on aquatjc  biota is  possible.::..,, - .  - 

( B )  Chemical Alteration 

Impacts may a l so   resu l t   f ron   cons t ruc t ion   ac t iv i t ies  which cause  an  increased 
sediment  load i n  Hat Creek o r ' t h e  Bonaparte  River. Specific  areas i n  which 
these  impacts will occur  are  sumarized.;, by development area below: 

14i ne 
1) clearing,  ditching and trenching (Area B2) ;  
2 )  i n i t i a l   s t r i p p i n g  and excavation i n  mine area (Area 82);  
3)  clearing  spoil   areas and formation of  lagoons (Area A2);  and 

General 
4) construction crew a c t i v i t i e s  (Area B ) .  

c 
Sediment lopsened dur ing  the above construct ion  act ivi t ies  may be control led 
given  the  >itching and s e t t l i n g  pond networks ?lamed. However, a portion 
will undoubtedly en ter  Hat  Creek and possibly rmpact  benthos and fish. Some 
sediment  will   ei ther  enter  the  creek  init ially because of  the  proximity of 
ac t iv i ty   t o   t he   c r eek   o r   a t  a l a t e r   da t e  w i t h  precipi ta t ion and subsequent 
run-off. Because o f  the  nature o f  a c t i v i t i e s  d u r i n g  construction, i t  is 
assumed t h a t  added sedimeo?s,v;ill  consist  primarily of suspended s o l i d s  (non- 
. f i l terable   res idues)  and that   levels  o f  disso lved   so l ids ,   ( f i l t e rab le   res idues)  
i n  Hat Creel: will   not  increase  significantly.  

.. 

.In the above instances,   d i rect  impacts from increased  sediment  loads d u r i n g  

.the  construction phase are  expected t o  be minor. In particular,   concentrations 
o f  suspended so l ids  i n  Hat.Creek are  assumed to not exceed 50 mg/e given t h a t  
run-off  waters from construction  area v/ill be intercepted and subsequenily 
directed t o  s e t t l i n g  lagoons. I t   i s  ~ l s o  assumed tha t  no catastrophic  events 

I .5 - 13 



d 
... .. . . . . . . . 

. .  

I 

a 

I 

a 

e::. 
, . . ~ .  
. ... 
.. ... . 

* 

such as ditch overflow and dyke f a i lu re s  occur d u r i n g  construction.' If such 
catastrophes d i d  occur  they  could  severely reduce benthic  comnunities  and 
populations o f  Hat Creek rainbow trout downstream from the source of impact.. 

Physical-chemical  surveys (see Hat Creek Project - Hydrology Report) show levels  
of  suspended solids in  Lower Hat Creek i n  the,?-17 mg/r range. The assumed 
maximum value i s  50 mg/z. &ked. on t he   l i t e r a tu re ,  this level is not  expected 
t o  be h a n f u l   t o  rainbow t r o u t  o r  other fishes in  Hat Creek. McKee and klolf 
(1963)  reported no ' ~bservable   e f fec ts  on rainbow troutrwhen they were  exposed 
t o  concentrations of  30 mg/r I f   i ne r t   so i l s  ("and diatomaceous ear th) .  
Several trout died a t   l e v e l s  of 90 mg/r and over h a l f  the   f ish  died i n  2-12 
weeks when exposed t o  concentrations of 290 mg/9.. No difference was found 
between l e tha l   e f f ec t s  of kaolin and diatomaceous ear th ,  even thougt  particle 
s i z e   o f   t h e   f o y e r  (0.13 - 5.0 microns) was smaller  than the l a t t e r  (1 - 6 
microns). McKee and !?olf (1963)  reported t h a t  i n  f i e l d   t e s t s ,  t r o u t .  and i n -  
vertebrates were as abundant, i n  a stream  with  suspended solids -. l eve ls  of 60 
mg/r as they were i n  a clear  control  stream.  Tarzwell  (1962)  statecl'that 
suspended sol ids   levels  o f  60 mg7z could  effect  t r o u t  spaimFng giour& but  
probably  are n o t  harmful otherwise.  In  BlueG€er Creek, Montana, Peters ( i n  
Tarzwell, 1962)  found t h a t  suyvival. of  rainbow trout eggs, intragravel  water 
velocity and  dissolved oxygen leve ls  were inversely  related t o  sedinent con- 
centration. Egg m o r t a l i t y 3 t e s   a t   v a r i o u s  mean mnthly  sediment  concentra- 
t ions  were %.'at  13-203ng/e. 39% ~t 97-147 m g h ,  BO: a t  142-276 mg/r: and 100% 
a t  246-386 mg/r. Stream flows, d u r i n g  hatching ranged-from approximately 10 
t o  35 cfs. 

- 

. .  

- 

Similar   resul ts  have been found i n  other  studies.   Investigations by the Euro- 
pean Inland  Fisheries  Advisory  Conission ( i n  U.S. Department o f  t he   In t e r io r ,  
1968) indicated good or moderate f i she r i e s   a r e  found i n  waters  normally con- 
ta ining 25-80 mg/e suspended so l ids .  There was evidence  that  yield:; were 
higher i n  waters w i t h  less t h a n  25 mg/P suspended solids.  The Commission re- 
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ported that  waters  containing 80-400 mg/a suspended sol ids  were unlikely t o  
support good freshwater  fisheries.  In  the River Fax, England, where suspended 
solids levels were 100 mg/e, densit ies of t r o u t  were one-seventh and inverte- 
brates one-third those  recorded i n  clear  control  streams (McKee and Wolf, ' 

1963). In the  River  Par, England, where suspended solids  concentrations were 
6000 mg/e, densit ies of t rou t  were one-seventh and invertebrates  one-nineteenth 
what they were i n  control streams. 

The above data  indicate  that   at   predicted  levels there wiil be d i rec t  impact 
on benthos or  fish i n  Hat  Creek. However, impacts may occur dur ing  the f irst  
year o f  construction  (1980) and i n  l a te r   years  if  there is not  adequate  stream 
flow t o  flush suspended solids  from'the Hat  Creek system. Accumula3on of 
sediments on the creek bot tom could  reduce spawning and food-produc.'ng areas 
in   r i f f l e s  by filling  intragravel  spaces. Heavy sedimentatipn  rater;  could 
resu l t  i n  the  covering and suffocation o f  trout eqgs incubating i n  ':he gravel. 
By reducing  water dep th ,  heavy sedimentation  could  possibly present physical 
or physiological  blocks t o  f ish  (par t icular ly  rainbow trout).which may migrate 
upstream t o  spawn in  portions  of Lower Hat Creek. Rates of  sedimen.: accumula- 
t ion would probably be greater i n  natural  sinks such as  beaver pond:; and  deep- 
e r ,  slower moving pools. Sediment b u i l d - u p  could  severely  limit food produc- 
t i o n  and the  ut i l izat ion of these pool areas by rainbow t rout ,  espe1:ially 
larger-sized  fish which appeared t o  prefer this type  habitat  as  indicated by . 
the 1976-77 Hat Creek fisheries  studies.  

There i s  also the potential  for impact on f i s h   i f  Hat Creek is flushed  only 
occasionally. This could resu l t  i n  the  resuspension of sediments sild extreme- 
ly h i g h  suspended solids  loads  for  short  periods of time. Although high con- 
centrations can be direct ly  harmful t o  fish and invertebrates as de:;cribed 
ear l ier ,   o ther  studies have shown t h a t  rainbow trout can survive under  extreme 
stress situations  for  short   periods.  I!ard ( in  NcKee and !,lolf,  1963) found 
young  salmon could be held 3-4 weeks in  circulating waters a t  s i l t  loads of 
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1,000 ng/e. Griffin (i.n HcKee and Wolf, 19631 found tha.t t rout  and 5;almon 
fingerlings were fed and, grew i n  water with a s i l t  load of 300-750 mg/e for  
3-4 weeks. He also found young salmonids could withstand s i l t  loads of 2300- 
6500 mg/e for   short   in tervals   dai ly  when the  water was stirred. I t  would  be 
to  the benefit  of  benthos and fishes i n  Hat Creek i f  they were never exposed 
t o  leve.ls o f  the magnitude described above. This is  particularly  true  for 
rainbow trout from about mid-June t o  l a t e  September. During th i s  time spawning 
occurs, yoirng undergo the f irst  several months of  growth,'and  year  class  s.trength 
is  largely  determined. 

Discharge o f  Hat Creek waters w i t h  suspended solids  levels of 50 mq/i. to the 
Bonaparte  River i s  n o t  expected t o  impact fishes. Suspended solids  levels 
measured'at  Station 3 in  the Bonaparte  River,  located  about 1 mile dclwnstream 
from the mouth o f  Hat Creek, ranged from 3 to  51 mg/r. in 1976-77.  Because of 
the  relatively low flow contributed by Hat Creek t o  the  Bonaparte,  ircreases 
in suspended solids  levels  are  expected t o  be correspondingly  small \ r , i t h  no 
d i rec t  impacts  expected. 

Impact of  construction crew ac t iv i t i e s  on fish  populations,  particularly rainbow 
trout, i n  Hat Creek i s  designated  as  ambivalent.  'ihis i s  so as a result  of the 
uncertainty  regarding  the  degree workers may use and harvest  the  rescurce. 
Over-harvesting rainbow trout could modify population  size, g r o w t h r a e  
other life  history  parameters. Shou ld  angling  pressure be intense,   me  posi t ive 
use m i g h t  be t o  d i rec t  i t  toward harvest o f  f i sh  which will remain i n  pools i n  
that  portion  of Hat  Creek t o  be diverted. Fish  trapped i n  pools will probably  
survive  for  several weeks. Unless  caught by fishermen,  they  will  perish  nat- 
ural ly. 

- 

( i i )  Operation (1983 - 2015) 

( A )  Physical  Alteration 

Impacts resulting from the  direct  physical  alteration of water  bodies  are sum- 
marized below. Although most ac t iv i t i e s  which altered  water bodies occurred 
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d u r i n g  the construction  phase,  associated  secondary and long-term effects  
cou ld  impact Hat Creek aquatic  resources during the operation phase. Activities 
and specific  areas i n  which impacts will occur are: 
1) discharge  of  reservoir and diversion  canal  water  to Hat Creek 

(Area 02); and 
2) control o f  Hat Creek flow rates (Area B2). 

Water discharged from the  reservoir  near Anderson  Creek  and  from the diversion 
.canal could be unusually warm d u r i n g  s u m r  and ea r ly   f a l l  months; Such  an 
occurrence i s  resul tant  to the diversion  canal design (shallow depth')  coupled 

- w i t h  high  ambient temperatures. 

As presently  designed,  the  artificial channel will  provide no benefits t o  f ish 
-and nay, i n  f ac t ,  impact them in a negative manner, Because of shallow  depths 
in  the channel ( d 5 0  &) water  'temperatures  could be greatly  influenced by 
.air  temperatures and resul t   in  extreme elevations d u r i n g  summer and ear ly   fa l l .  
Daytime-ambient  temperature  tolerance  limits  for a rainbow t r o u t ,  generally 

-accepted  as 23-24OC or 27OC fo r  short periods of time (Scott and  Crossman, 
1973). 

.Field  investigations showed water  temperature  in  shallow  reaches  of lower Hat 
Creek a t  1520 hr. on 3 August, 1977, was 24OC. Temperature elevations much 
beyond th is  levei could be c r i t i ca l  t o  t r o u t ,  especially eggs (mid-Jt'ne to  
August) and fry (August and September). I f ,  as  expected,  seasonal  temperature 
-elevations result from channel discharge and mortali t ies t o  young-of-the-year 
are  correspondingly h i g h ,  the population size  of rainbow trout i n  Lower  Hat 
Creek  could, i n  several years, be reduced to  a fraction of present numbers. 

In addition,  the problem o f  elevated  water  temperature would be aggri;vated i f  
reservoi r   re lezses  were a t  or near the surface.  Reservoir  surface  temperatures 
d u r i n g  summer would probably be higher  than i n  Hat Creek, and possibly  greater 
-than upper lethal  temperatures of rainbow trout. The combined negative  effect 
of warm water  releases from the reservoir and diversion  canal  during surmer 
.and ear ly   fa l l  months could be severe on fish  in Lower Hat Creek, 111 addition 
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i f  the reservoir ou t l e t  i s  a t  the surface, icing problems could  develop d u r i n g  
winter  and'reduce  or prevent downstream flow. This, i n  t u r n ,  could result in  
grea te r  freezing of .Lower Hat Creek,  reduction Or loss  of over-wintering areas  
and a major negative  impact on f i sh .  Clater Ydiseharged from a grea te r  depth i n  
the reservoir  should be cooler d u r i n g  sumer  and  free-flowing dur ing  winter. 
Temperature  problems are  n o t  expected  for fish occurring  within the reservoir.  
During summr,  greater  depths can be u t i l i zed   or  t h e y  may migrate  upstream t o  
portions of free-flowing Hat C.reek. , During.winter, deeper parts of the reservoir  
and reaches  upstream i n  Hat Creek shoul3 be ice-free and provide over-wintering 
areas   for  fish. 

Notwithstanding  potential  major impacts due t o  the  temperature  of  waters enter- 
i n g  Lower Hat Creek from the  diversion  canal,  ambivalent  impacts  associated 
with  the  alteration o f  the flow regime of Hat Creek are  also noted.' Uater d e p t h ,  
velocity and stream w i d t h  a r e   c r i t i ca l   f ac to r s  which govern the capabi l i ty  of  
a stream t o  maintain  or  perpetuate i t s  aquatic  resources. Any a l t e r a t ion  of  nat- 
ural  flow  regimes e i t h e r  through  water  withdrawal,  diversion or impoundment can 
s i g n i f i c a n t l y   a l t e r  these flow charac te r i s t ics  and ultimately  control a streams 
s u i t a b i l i t y  t o  support  fish.  Natural  flow regimes i n  most streams  are  such t h a t  
wise  water use does n o t  necessarily have t o  create  a negative  impact upon ex is t -  
ing  f isher ies .  A water use plan which takes i n t o  account  the  instream  flow 
requirements  of exis t ing resources can  both protect the *na tu ra l  environment and 
provide water   for  use by  man. 

A t  the  present time the water supply schemfor  the  proposed Hat Creek develop- 
ment i s  not  finalized.  Stream flow al terat ions  as  a r e su l t  of construction of 
the  water diversion system and controlled flow capabi l i t ies   of   s torage reservoirs 
proposed i n  the Upper Hat Creek area,   require t h a t  a minimum flow  regime be 
recomzended. This would provide adequate  maintenance  flows for   f ish  inhabi t ing 
Ha: Creek downstream of the proposed  development. 

. .  

Several  methodologies can be applied  in  determining  instream flow  needs. Two 
basic approaches have been taken depending upon the  extent and ava i l ab i l i t y  of 
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stream  characterization  data: 

1) an empirical approach which recomends a minimum flow regime basecl 
upon a percentage of  the average annual discharge  (Tennant, 1977; 
Stalnecker,  Fish and Wldlife  Service,  Colorado,  pers. comm.);  ancl 

2 )  a quantitative approach which recommends a minimum flow regime 
based upon the  habitat  requi  renents of fish d u r i n g  migration, sparm- 
i n g ,  incubation,  rearing (Neuman  and Newcornbe, 1977; Stalnecker, f'ish , 

and Llildlife Service, Colorado, pers. corn.). 

The l a t t e r  o f  the two basic approaches  provides a more precise ,   s i te   specif ic  
determination of instream  flow  needs. The  Neuman and  tkwcombe (1977: instream 
flow assessment  technique i s  presently being evaluated as a recornended method- 
ology for assessing  instream requirements i n  British Columbia. However, detail-  
ed strean  characterization  data  obtained  at h i g h  and low flows are required and 
numerous survey transects,  chosen i n  a manner specif ic  t o  the  quantitative min- 
imum flow assessment  technique  chosen,  are  required  in  various  stream  reaches. 
Detailed'stream  information of  th i s   na ture   i s  n o t  currently  available. In l ieu 
of these  data  requirements,  recornended minimum flow requirements susqgested for  
Hat  Creek are  necessarily based upon  an empirical  evaluation of histclrical  stream 
flows. 

Alth'ough no single  empirical formula can be considered best, an .approach gener- 
ally  described as the "Montana Method" has been widely used i n  determining flows 
t o  protect aquatic  habitat. The  "Montana  Method"  was developed from f ie ld  stud- 
i e s  conducted between  1964  and 1974, i n  streams i n  three  western U.S. s ta tes  con- 
t a i n i n g  both cold  water and warm water  fisheries and has been correli.ted w i t h  
similar flow data  in 21 d i f fe ren t   s ta tes  d u r i n g  the past 11 years ( T m n a n t ,  
1977). 

The "Montana  Method" suggests  that 30% of  the mean annual discharge i s  recom- 
mended as a base  flow t o  sustain good survival  conditions  for most aciuatic l i f e  
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F lushing Flow 
O n  t i mum 

TABLE 5-2 

APPLICATION OF THE MONTANA  METHOD FOR EVALUATING 

Outstanding 
Excel lent 
Good 

Poor o r  Minimum 
F a i r   o r  Degrading 

Severe  Degradation 

INSTREAM FLOW REQUIREMENTS I N  HAT CREEK 

Flow Regime (CFS)' 

' - October-March  Freshet 

49.0 
15 
10 

7.5 
5.0 
2.5 
2.5 

4 . 5  

:60-100%) 
40%) 
30%) 

1 0% 
'10%) 
<lo%) 

Recommended H a t  Creek Minimum Flow 

Base Flow Per iod October-F!arch 
Base Flow Per iod 

7.5 CFS 
April-September 10.0 CFS 

Flushing Flows ( f o r  two week durat ion  dur ing t.4ay-June) 50 CFS 

' Based upon Upper H a t  Creek Sta t ion  annual discharge o f  25 CFS 
% va lues   re la te   t o   f l ow  regime  expressed as a percentage o f  mean  annua 11 discharge 

April-September 

15 (60- 100%) 
15 (60%) 

2.5 (10%) 
<2.5 (<lo%) 
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f o n s  while 60% would provide  excellent t o  outstanding h a b i t a t  f o r  most 
aquatic fonns d u r i n g  their primary  periods of g r o w t h  (Tennant, 1977). 

To apply the "Montana  Method" a range of flows (percentages of annual 
discharge)  are recommended fo r  two - s i x  month flow regimes t h a t  mimic 
natural  hydrologic  cycles and coincide  with  relatively  active and iniictive 
biological  periods. These flows are  f lexible and should be in t e rp rced  
and refined t o  account fo r  above and  below  normal water  years and ma"ntatn 
flows which approximate appropriate  portions o f  mnthly  quarterly  or annual 
instrean flow supplies (Tennant, 1977). 

The  "Montana  Method" has been applied t o  Hat Creek (Table 5-2). Front th i s  
sumary  presentation, a flow regime can be selected given a choice  as t o  
the  habitat maintenance level  preferred. The maintenance  of good t o  excell- 
ent habitat  conditions i n  Lower Hat Creek requires, based on their prelimin- 
ary  analysis,  the  following regime and flow: d u r i n g  f reshet ,  a flushing florr 
o f  50 CFS fo r  a duration o f  two weeks; d u r i n g  April to September a milimum 
f l o w  of 10 CFS, and during the winter low flow  period  (October - tlarch) a 
minimum flow of 7.5 CFS. During periods of low flow, as those  experienced 
d u r i n g  the  past  year.(1977),  controlled  releases of  storage  water fron Upper 
Hat Creek reservoirs would be required  to meet the continued instrean flow . 

-requirements downstream of  the Hat Creek development. ,Flushing flows a t  
200% (50 CFS) o f  annual mean discharge  for a duration  of two weeks d u r i n g  
the normal h i g h  flow period (May - June) are recommended t o  achieve s l f f i c i en t  
depths and velocities  necessary w i t h i n  the stream channel to remove s i l t ,  
sediment and other bed load  material from spawning beds and naintain an active 
stream  channel. 

The conduit a t   t he  lower end of the  diversion i s  an 
Creek  and could  negatively  affect Hat Creek fishes. 
-Lower t o  Upper Hat  Creek will be impossible  because 
of  the  conduit and expected velocity  of  transported 
-1976-77 suggested that  populations  of rainbow trout 

effective  barrier #In Hat 
Passage o f  f ish from 

of the grade and l t n g t h  
water.  Fisheries  studies 
i n  Hat Creek were ' argely 

self-supportive  within  relatively.short  reaches of stream. Numerous beaver 
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I t o  Upper Hat Creek. cHowever, i t  cannot be unequivocably stated t h a t  the sur- 

dams probably  prevent massive spawning migrations of rainbow t r o u t   f r m  Lower 

vival of fish downstream from the point where the  conduit  enters Hat :reek i s  
not dependent on their having access . to areas further upstream.[ Therefore, 
impacts related to this particular  aspect.  of  creek  diversion have been designated 
as ambivalent. 

- 
I 

II 

Sm ( E )  Chemical Alteration 

Activit ies which will cause  increased  sedimnt or dissolved  solids lottds i n  Hat 

II Creek or the Eonaparte  River, and specific  areas i n  which th i s  impact will occur 
a r e   s m a r i z e d  below: 

-11 

II 

Mi ne 
1) drainage of  the mine p i t ,  coal stockpile and spoils  areas (Area 82); 
2 )  de-watering of the mine p i t  wall (Area 82); 
3)  surface  run-off from mine, p i t  and  road-way areas (Area 62);  and 

Plant 
4 )  plant  emissions  of  sulfur  dioxide (Area B) .  

Drainage and de-watering dur ing  the operation phase  of the project are expected 
to   resul t  i n  increased dissolved  solids levels i n  Hat Creek. Based on present 
information, i t  is assumed t h a t  waters  draining from the development area  will 
cause no more than a 50% increase over present  dissolved  solids  levels. Also, 
i t  is assumed t h a t  the proportional  relattonshi~s of dissolved  chemicals found 
i n  Hat Creek will remain the same as a t  present. 

.Concentrations of  dissolved  solids  in Lower Hat Creek in 1976-77 rangec from 
333-413 mg/9.. Increases.of 50% b r i n g  maximum predicted  levels t o  about  620 
mg/e. Based on the l i t e r a tu re  these levels  are  not expected t o  impact  benthi: 
communities, rainbow. t r o u t  or other fishes i n  Hat Creek. McKee and  I!olf (1963) 
s ta ted t h a t  dissolved  solids  levels of up t o  2,000 mg/e should  not interfere  
with  freshwater f ish or other  aquatic  l ife.  They added that  limiting  cmcentra- 
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tions fo r  some species of  f i sh  may be as h i g h  as 5,000-10,000 ng/k  i f  acclimated . 

gradually.  Shifts t o  more tolerant  benthic forms may result, dependi:lg on the 
chemical nature o f  drain  waters. However, sudden increases of dissolved  solids 
i n  low-level waters  could be f a t a l .  Because of the expected  gradual  .incorpora- - 
t ion of  lagoon drainage to  Hat Creek, designed  surge  controls, and the  predicted 
upper level,  no impacts are expected. However, should a large volume of water 
w i t h  a unique  chemical nature suddenly be discharged t o  Hat Creek, a  severe 
impact  could  occur. - 

Surface  run-off can be expected t o  result i n  increased suspended solid  levels 
i n  Hat Creek.  Fine  suspended material  will  enter Lower Hat'Creek b u t , ,  as dur- 
i n g  the  construction phase,  concentration  levels  are  expected  to be n o  greater 
than 50 mg/e. Eesultant impacts are  expected  to be very minor or absent,  unless 
a  catastrophic  failure  occurs. 

The effect  of  plant  emissions,  particularly  sulfur  dioxide, on the  aqtlatic re- 
sources  in t h e  Hat Creek Valley i s  di f f icu l t   to   assess   a t   the  current time and 
will be dependent upon the  results and conclusions of other study grotips assess- 
i n g  the Hat Creek Project.  Therefore, impact of this ac t iv i ty  has becn designated 
as  ambivalent. 

( i i i )  Decomissioning  (After 2015) 

Activit ies which will impact the Hat  Creek fishery dur ing  the decommissioning 
phase, and specific  areas  in which impacts  will  occur are summarized below: 

Mine, Plant 
1) reclamation o f  the ash area and overall mine area (Areas A and 82) ;  
2 )  erosion and drainage  controls  in the reclaimed p l a n t  and mine areas 

(Areas A and 8 2 ) ;  and 

Mi ne 
.3) f i l l i n g  of  the mine p i t  (Areas A and 8 2 ) .  
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Reclamation and erosion  control  are  expected  to have positive,  beneficial  impacts 
on Hat Creek benthos and fishes.  Reclamation of  land i n  the  vicini ty  of the 
p1,ant a n d  nine and implementation of erosion and drainage  controls on these lands 
should  reduce  the  sediment  load  to Hat Creek,during  run-off.  Levels 3 f  dissolved 
and suspended so l ids  s h o u l d  be less. than d u r i n g  construction or operation  phases 
and l imi t  the poten t ia l ,   fo r  impacts  associated w i t h  chemical a l t e r a t i sns   a s  have 
been discussed i n  Sections ( i ) B  and  ( i i )B.  

. .  

1mpacts.on  benthic c m u n i t i e s  and fishes resul t ing from f i l l i n g  o f - t h e  nine p i t  
are  undefinable a t  th i s  time.  'Nature o f  the  impact, i f  any, will depend on chemical 
charac te r i s t ics  of  waters w i t h i n  the p i t .  Haters  too  acidic or too  alkaline  will  
be unproductive  for  aquatic  biota. Huet (in  Tarzwell, 1962) s t a t ed   t ha t   fo r   f i sh  
l i f e ,  i t  i's desirable t o  maintain a pH between 6.5 and 3.5. McKee an i  Glolf (1963) 
reported  that   for  best   productivity,   water pH should be between 6.5 and 8.2. 

Based on information  provided by D.C. Hydro on the mine description,  water i n  the 
mine p i t  i s  expected t o  be highly  alkaline and perhaps  sl'milar t o  t h a t  in.Goose/ 
Fish \look Lake. The absence  of  large  quantities of organic   nat ter '  i n  the lake 
basin, which would  decompose and lower the pli, and the  naturally h i g h  pH of water 
i n  the  valley (median Hat Creek pH = 8.4) would tend  suggest a trend 3f h i g h  pH 
i n  the mine p i t .  I n  addition,  the  absence o f  any s ignif icant   f lushing i n  the p i t  
over a 26-year  period combined wit11 normal evaporation should concentrate  chemicals 
( h i g h  dissolved solids leve ls )  and m a i n t a i n  high pH levels. 

Given the  potential  for  the  "lake"  waters t o  exhibit  h i g h  dissolved slllids and 
h i g h  pH leve ls   a f te r   the  26-year f i l l i n g  period  passes;  the  comencemmt  of an 
active  discharge  of such water t o  the Lower Hat Creek system  could  re:;ult i n  a 
negative  impact upon the benthos and f i sh  inhabitants  therein.  

Slope o f  the  mine-pit  walls and the extended  period  of  time (26 yea&) d u r i n g  
which the p i t  i s  expected t o  be f i l l e d  may resu l t  i n  low biological  p"oductivity. 
The system  krill  generally be uns t ab le   a t   l e2s t   un t i l   a f t e r   f i l l i ng  has been con- 
pleted.  Gradual f i l l i n g  over  the  26-year  period  (estimated mean increase i n  water 
depth  being  approximately 8 m per  year)  will  limit  colonization and tqe  establish- 
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ment of s table   shorel ine  f lora  w i t h  their associated  invertebrate conmlunfties 
and fish l ife.  Host of  the rooted  shoreline  flora w i t h i n  a given year period 
will  probably be l o s t  from the system as a r e su l t  of rising water levels and 
eventual removal from the  euphotic zone. This would ultimately  result i n  a 
constantly changing l i t t o r a l  environment.  Shoreline  comunities would  be ex- 
pected t o  init iate  successional changes, w i t h  the  inherent gradual increase 
in biomass production and overall   system  stabil i ty,  subsequent t o  complete ,, 
f i l l i n g  and stabil ization  of  water levels. @@d P ? ,.\?.,"Jr,!. 

Another factor  which may limit  productivity i n  the\yjk$!$is the  potential 
for   th i s  water body to   act   as  a nutrient sink. Incoming nutrients and decom 
posing  organic  matter would probably be los t   to   the  system and accumul,%te i n  
deeper  areas  of the p i t .  Even though some o f  this  material  will probailly 
s e t t l e  on the p i t  benches and undergo resuspension dur ing  and a f t e r  pepiods 
of f i l l i n g ,  the amount of  material  present i n  these  relatively small  portions 
of  the  reservoir will probably be small compared to  t h a t  l o s t  t o  greater depths 
i n  open-water areas.  Spring and fall   turnovers  result ing from thermal s t r a t i -  
fication  should  occur  particularly  after t h e s / i s  f i l l ed .  However, the 
amount o f  nutrients  released dur ing  turnover and  available t o  organisms estab- 
l ishing themselves  near shore would probably be minimal. 

\'c +-py 
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6.0 MITIGATION & COtlPENSATlON 

Mitigative  actions whlch could  lessen  impacts  discussed i n  the previous section 

t ro l  o f  water  temperature.  the maintenance of downstream flows and clmtrol of  
potential  sedimentatton i n  Lower Hat  Creek. 

1 are  recomnended  below.  Those measures assessed  as most important art: the con- 

a 

Temperature elevations i n  the  diversion  canal  should be controlled  in  order t o  
c avoid  reaching upper lethal  l imits of rainbow trout i n  Hat Creek. Tiis could 

II) such tha t  the lower  range of flows ( 4 5  CFS)  would  be contained  ther2in. Es- 
be accomplished by inserting a  deep, narrow channel w i t h i n  the  diversion  canal 

ta6lishing shade  cover  along  the banks  and withdrawal of cooler  water from near 
bottom depths i n  the  reservoir  near Anderson  Creek shou ld  a l so   ass i s t  i n  con- 
t r o l l i n g  downstream temperatures a t  below lethal  levels  for rainbow trout. 

.I 

," 

.I 

I 

I 

I 

m 
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I The maintenance of downstream flow i n  Lower Hat Creek i s  d i f f i c u l t   t s  discuss 
in.the  specific  context of mitigation  in  that  the  project  description  discusses 

1 u t i l i z a t i o n  of  the  water  resource  for  plant use  as 'an alternate  course of action. 
Nevertheless,  as noted i n  Section 5;3 ( i i ) ,  a  range of opt ions  regarding mini- 
mum flow requirements are  available and a preliminary  pattern of flcw regulation 

- 

i s  provided. The decision  regarding flow tha t  follows from this  infmnation 
i s  then di:ectly related t o  whether the  aquatic  resources of  Lower H 3 t  Creek 
are degraded, maintained ur enhanced. 

In the  event  that  sedimentation i n  Hat breek does occur t o  a  degree not pro- 
jected w i t h i n  this report, certain  mitigative  actions  require  considvation. 
To avo id  biological problems associated w i t h  sedimentation,  Ellis ( i n  McKee 
and Uolf, 1973) recommended the  stream bottom should  n o t  be covered by more 
t.han 6.3 mm of  sediment. He also recommended t h a t  t o  avoid  sediment3tion, 
suspended solids w i t h  a mineralogic  hardness  of 1 or  more,  and therefore of a 
dense nature,  should be small enough t o  pass through a 1,000 mesh screen 
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(%<E u). Ini t ia l  mitigative  steps t o  prevent  such  sedihentation  prohlem  are 
current ly  w i t h i n  the project  description i n  the form of the  dttchl 'ng and s e t t l i n g  
pond network. . tlotlfithstandlng these existtng plans, should  sedimentatton  diffi- 
cu l t i e s  be experienced the appropriate  mitjgative  action would be the reassess- ' 

nent  of the design c r i t e r i a  of t he   s e t t l i ng  ponds, par t tcular ly  w i t h  respec t   to  . 
such  paraneters as retent ion  t ime,   set t l ing rates and pond capac i t ies .  In a d d i -  
tion,  sedimentation i n  Lower Hat Creek would  become a fac tor  i n  ass:essing  the 
controlled  flow regime in  khat  the  re-suspension  of  sediment d u r i n g  periods of 
high.flow  could  result i n  elevated  suspended  solids  over a shor t  tclmn. 

r 
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Three  additional  points  regarding  actions  are  noteworthy.  Diversiclns o f  Hat 
Creek could  result  i n  t h e  l o s s  of most fish which presently  occur w i t h i n  the  
diversion  area. A portion of  this resource  could be harvested by the general 
p u b l i c  and construction  crews,? thus preventinq a comletc? loss of e x i s t i n g  f i s h ,  
' l i f e  . .  i n  th i s   sec t ion  of Ha t  Creek. 4ttempts may also be made t o  eu'aluate t h e  
development o f  the reservoir   f ishery and the  possibi l i ty  of making i t  avai lable  
t o  the public. Some consideration  should be given t o  inposing special   angling 
regulations  (size and number ' l imi t s )  on Upper  and Lower Hat Creek i f  use by 
construction crews is intense.  This may be necessary  to  sustain  the'rainbow 
t r o u t  f i shery  a t  acceptable  yield  levels.  

. .  . -  

Further  evaluations should  be made o f  expected  water  chemistry i n  t h e   p i t  and 
the l ikelihood  of i ts  supporting  productive  aquatic  resource. In the event p i t  

.waters  appear  supportive o f  aquatic  biota,  grading of the upper shores should 
be considered i n  order  to  decrease'slopes and maximize t h e e u p N i c ,  zone. By 
increas ing   ava i lab i l i ty   o f ' th i s   habi ta t ,   there  exists a, g rea te r   po ten t ia l   for  
higher  productivity, more rap id  successional changes and ult imately narrowing 
the gap between an immature and a more homeostatic  lake ecosystem. 

ii k c 4  

The major  impact  of  the  project  for whtch compensation actions  should be assess- 
ed is the loss of the   f i sher ies  and benthos,resource i n  the 7,000 m sectton of 
Hat Creek alienated by the minr:. A range of compensation options  night be con- 
sidered; examples being  the  establishment  or enhancement of an exis t ing fishery 
resource i n  the  local  area or the  provision of increased  access  to  existing 
b u t  poorly  accessible  fisheries. 

_ .  
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7.0 RECOMHEfiDED MONITORING PROGRAM 

m 

Three areas of future  study are recommended. Specific t o  monitoring, i n  order 
t o  determine  direction and magnitude of any potential  biological  dis-uption 
associated w i t h  the  project ,  i t  i s  recommended t h a t  a monitoring  pro~~ram be 
implemented concomitant w i t h  the construction phase. Tagging  studie:; should 

.I 

.II be in i t ia ted   p r ior   to  spawning w i t h  recapture  during  June,  Julv and  early 

I should be sampled i n  June and early September t o  document f i sh  and invertebrate 
September  supplemented by additional marking. Stations i .  3 ,  5, 6,  .i4 and 15 

populations and conditions. Comparable information  should be obtained from the 
proposed reservoir  near Anderson Creek. Efforts should also be directed t o  
document aquatic  habitat   conditions,   particularlr  w i t h  respect  to  porisible 
sediment  build-up below the mine s i t e .  The program should be conducted 
annually d u r i n g  the construction and start-up phases and decreased in frequency 
and scope thereafter if  the  system has achieved  relative  stabil i ty in the 

m 

i l .  
-. 

I -- post-construction  period. 

Em 
Two additional  f ield programs of a more task  specific  nature  are recctmmended. 
These programs should  comence at  first  available  opportunity  in  that.  they 
reflect  information. needs t o  more definit ively  assess major impacts  c,escribed 
as  ambivalent  in  the  study. U 

1 Firs t ly ,  a regional  field program should be designed such t h a t  a more definitive 
data  base i s  available on particularly  sensit ive  areas.   Specifically,  water 
quali ty and the  fauna and f lora  of select   lakes and streams  should be monitored 
such that  baseline  conditions, on a regional  basis,  are known. This can only 
be achieved  with a well designed f i e l d  program. Care should be taken that  the 
frequency,  spatial  extent and scope  of the program are  in accordance with the 
value o f  the information  to be obtained. 

.I 

.I 

3 

Secondly,  given  the interest i n  assessing Hat Creek, as a potential  water  source 

im, fo r  some of the  plant system, quantitative,  in-stream  studies  should be 
'L 

i. 
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.conducted t o  determine in-stream flow  needs. This would allow for an objective 

m assessment of trade-offs involved w i t h  aiternate resource use, 
\ .  

L 
The in-stream field  studies recomended a t  this time would be designed and car- 
ried ou t  i n  accordance with Stalneker  (Fish 'and Wildltfe  Service, Colorado). 
Field  data obtained would  be processed w i t h  existing' computer  models. The 

rl h a b i t a t  model selected would analyze depthlvelocity changes wl' th changes i n  

1 the experimental reaches. Further modelling tn  reference t o  biological  require- 

flow. O u t p u t  i s  presented on a series of matrix tables whtch compartmentalize 

ments o f  fish a t  all  life  stages including eggs, fry,  juveniles and adults t h e n  
follows. 
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INVENTORY OF FISH 

APPENDIX A 

FISHERIES AND BENTHIC FAUNA 

POPULATIONS 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

Establish the species and relative number of fish i n  Hat Creek, espe- 
c i a l ly ,  b u t  not  exclusively, i n  development area. 
Record the  basic  l ife  history  data,   as well as ages, growth, food, 
e tc . ,  of major fish species. 
Determine f ish spawning and rearing  areas and general habitat ,and 
minimum flow requirements. 
Prepare  annotated  (physical,  biological) Thalweg curves for  nwinstream 
and tributaries of Hat Creek. 
Establish  the  species and re la t ive abundance of benthic  fauna,  inclu- 
ding baseline downriver s ta t ions and diversity  indices. 
Relate  relative abundance of  the food t o  the  fish  present  (see  1. 
above). 
Provide i n p u t  t o  Appendix C3, Section 2 .  

EFFECT OF DEVELOPMENT 

1 .  

2 .  

3. 

4. 

5. 

6. 

Evaluate the  e f fec t  o f  various  diversion,  reservoir, pondage require- 
ments on Hat Creek fish  populations. 
Comment on the  value of the  pit   as a future  lake  for  fish. Suggest 
improvements tha t  would enhance i t s  value t o  fish  'populations. 
Comment on the  possible impact of  increased  fishing by the construc- 
t i o n  work force. 
Estimate consequences of project impact J n  benthic  fauna. 
Advise on methods and possibi l i t ies  t o  avoid,  mitigate and compensate 
for  adverse impacts o f  project developments o n  Hat  Creek f i she 'y  
resources. 
Establish a range of options  for compensation lying  outside Ha.: Creek 
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- Val l ey ,   t he i r   f ea s ib i l i t i e s ,   p roduc t iv i t i e s   ( spec ie s ,   popu la t i cms  and 
catch)   and costs. 

.L 
7. Evaluate impact r e l a t i v e  t o  regional  and  local fish values. 

a 
. -  

REGIONAL FISHERIES RESOURCES 

1.  Hydrology 

a)  Inventory 

Prepare an inventory  of the  major  watersheds shown  on t h e  l /  
250,000 project  base map. Drainage  basins should be depicted 
graphica l ly  and an inventory  of  the  primary  streams,  r iver$,  and 
1 akes 1 i sted. 

b) Hydrogeomorphology 

i )   C l a s s i f y  and summarize al l   water   bodies  i n  terms of their 
pH regime ( i . e .   a c id ,   neu t r a l .   a lka l ine ) ,   t o t a l   d i s so lved  
s o l i d s ,  sulphates, hardness,  temperature and buf fer i rg  
capaci ty .  

i i )   I d e n t i f y  the major geological formations underlying  each 
watershed,  including  geochemical  data on them. 

2. Regional  Fisheries 

a)  Inventory 

i) Provide an inventory  of  the regional anadromous f i s h e r i e s  
resources   for  the area  covered by the  1/250,000  base map. 

i i )  Map the runs of  anadromous. fishes on the  1/250,000 arld 
1/50,000 base map and ind ica te  a l l  known spawning arclas. 

i i i )  flap the  juveni le   migrat ions  of  anadromous fish and show 
known rearing areas (1/250,000 and l/SO,OOO sca le ) .  

i v )  Describe the timing o f  j uven i l e  and  adu l t  migrations i n  i )  

and i i )  above for peak and 90 percent of run .  
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v) Describe  Provincial management practices,  including:  seasons 
gear  restrictions,  closures,  stocking and  enhancement. 
programs. 

vi)  Provide an inventory o f  the non-anadromous fishes i n  the 
region  covered by the 1/250,000 and 1/50,000 base m a p , ,  
noting  important  lake and river  sport   f isheries.  

vii) Identify known rare,  endangered or  threatened fish species 
and their   d is t r ibut ion i n  the region. 

b )  Harvest - Sport 

i )  . Provide a description of  the regional (1/250,000) ant1 local 
(1/50,000)  sports  fishery. 

i i )  Estimate  the  current  fishery  yield o f  the  resource ir l  i )  
above by evaluating  Provincial  creel  census  data,  stelelhead 
punch card  results,  stocking practices and other  pert.inent 
management information. 

c) Harvest - Commercial 

i )  Summarize the commercial f i sh ing   s t a t i s t i c s   fo r   f i sh  popu- 
l a t i o n s  i n  the Thompson River, i n c l u d i n g  commercial c:atch 
for  the  period  of  record. 

i i )   Sumar ize   the  escapement estimates for   th i s   f i shery .  

i i i )  Summarize the  catch-escapement  ratio  for  the  period clf 
record for  the  species shown i n  i )  and i i )  above. 

d )  Harvest - Other 

i )  Estimate  the  catch and significance of subsistence  fishing 
by Native  Indians  exclusive  of commercial and sport 1 andings 
(i.e. for t r iba l  and ceremonial  purposes, e t c  ... ). 
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e )  Sumarize, '   briefly,  the  existing  stresses from natural  causes, 
present industry and land-use  practices and competition - p r e -  
dation by "pest" species which limit  the  success of the anadro- 
mous f i sh  (1/250,000 and 1/50,000). 

3. Hat Creek Valley  Fishery  in Regional Perspective 

a )  Summarize the  current  status o f  the Hat Creek Valley  fishery 
resource  (1  /50,000). 

b) Summarize usage estimates from available  data. 

c )  Comment'on the potential  capability o f  the Hat Creek fishery. 
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81 .O LIFE  HISTORIES OF RESIDENT  FISH 

(a) Rainbow Trout  

Rainbow t rout  (SaZmo gairdneri) are  qative  to ths eastern  Pacific Ocean and 
freshwater  west  of the Rocky Mountains. They are  probably also endemic t o  the 
Peace and Athabasca Rivers eas t  of the Rocky Mountains. Their  native range 
extends  north from northwest Mexico t o  the Kuskokwin River,  Alaska, b u t  have 
been introduced  widely  throughout the world. In Brit ish Columbia, rainbow trout  
are  present  throughout  the  Fraser and most of the Columbia River systt?ms 
(Carl e t  aZ., 1973). 

Distinguishing  characteristics of  rainbow trout  (and  steelhead)  are  the  absence 
of a  red dash under the jaw, lack of teeth a t  the base of  the  tongue, and 
whitish edges on dorsal,  anal and pelvic fins (Scott and Crossman, 19?3). 
Steelhead  are those individuals which enter  freshwater t o  spawn b u t  o.:herwise 
spend the i r  adult  l i f e  a t  sea. Rainbow trout  are  those  individuals which spend 
the i r   en t i re  l i f e  in  freshwater. Dwarf forms of rainbow trout  occur - n  many 
headwater  streams i n  Brit ish Columbia  and are  often  distinguished by parr marks 
(dark  vertical markings on the sides of fish) which they  retain  throughout l i f e  
(Carl et aZ., 1973). Because this form was collected  in Hat Creek, i t s  general 
l i f e   h i s to ry  and not t ha t  of  steelhead i s  presented here. 

Rainbow trout are  the  most  important  sport  fish i n  British Columbia (Carl e t  aZ., 
1973). They typically occur i n  “lakes b u t  are   a lso common i n  large and small 
streams which exhibit  moderate flows,  gravel  bottoms, and both pools and r i f f l e s .  
Spawning occurs  primarily from mid-April t o  l a t e  June i n  smaller  tr ibutaries 
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of r ivers  or inlets or  outlet  streams of lakes (Scott and Crossman, 1973). 
Carl et =~. , (1973)   s ta ted   tha t  i n  Brit ish Columbia most fish  enter st,reams t o  Spawn 
a f t e r  ice break-up i n  May or June. Age a t  spawning usually  ranges from 3-5 
years w i t h  males generally maturing one year younger t h a n  females. Carl et aZ., 
(1973) s ta ted   tha t  i n  small lakes and streams, some rainbow t rout  may first 
spawn a t  a l e n g t h  o f  only about 100 - 125 mn. 

The spawning s i t e   i s  usually a bed of gravel  or small rubble i n  a r i f f le ,   o f ten  
located upstream of a pool (Scott and  Crossman, 1973; Baxter and  Simon, 1970). 
Lagler  (1966)  stated spawning may also  occur a t  the t a i l  of a pool  where swift 
currents and clean  gravel  exist. The female  prepares the nest or redd by t u r n i n g  
on her side,  fanning  the caudal f i n ,  and removing gravel from a p i t  longer and 
deeper  than  her body. The female i s  joined by one or  several males a t  time.of 
spawning, usually when water  temperatures  are between 10.0 and 15.5OC. Eggs 
and milt are  released  simultaneously. Eggs f a l l  i n  gravel  spaces and  are 
covered by gravel  displaced  from.the  upstream edge of the redd by the  female. 
The female may prepare and  spawn i n  several  redds,  depositing from 800 t o  
1,000 eggs per redd.  In in te r ior   Br i t i sh  Columbia, number o f  eggs  per  female 
has been given  as 1,366 - 2,670, b u t  may  be as low as 200 (Scott and Crossman, 
1973). 

Eggs hatch i n  a b o u t  4-7 weeks, depending on time of spawning and  water tempera- 
ture.  Alevins become free-swimming about 3-7 days after  hatchina,  and fry 
begin feeding a b o u t  1-2 weeks l a t e r .  They usually emerge  from the redds from 
mid-June t o  mid-August when spawning occurs i n  April or May (Scott a n d  
Crossman, 1973). Some f ry  o f  lake-resident  adults  migrate up or downjtream t o  
the lake   e i ther   a f te r  emergence or by autumn,  and others remain i n  t h ?  natal 
stream 1 t o  3 years. Fry  of stream-resident spawners may remain i n  t ? ibu tar ies  
d u r i n g  summer or  begin downstream migrations  shortly  after emergence (Erman 
and Leidy, 1975).  

Maximum s ize  of .rainbow trout  varies widely w i t h  area and habi ta t .   Inter ior  
forms usually weigh no more t h a n  2.7 - 3.6 k g  a l t h o u g h  Scott and Cro!;snan (1973) 
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reported an i n d i v i d u a l  taken in  Jewel Lake, British Columbia  weighed  23.6 kg: 
Life  expectancy may be as low as 3 - 4 years i n  stream and lake  populations, b u t  
a longevity of 6-7 years is probably more 'representative. 

Back-calculated  fork  lengths  for  various  ages o f  rainbow t rout  from i:7 British 
Columbia lakes were presented by Larkin e t  at.,(l957!. Ranges presented below 
show the  size  variation which occurs w i t h i n  the  province: age 1 ,  53-103 nun; 
age 2, 136-318 mn; age 3, 182-468 mm; age 4, 192-551 nun. Larkin et at.. stated 
tha t  i n  many mountain lakes mature  rainbow t rout  may grow no longer t,han 150 t o  
200 mm. 

Rainbow t r o u t  food habits  vary  with  size and season.  Smaller f ish  often feed 
on Cladocera and aquatic  insect  larvae  while  larger  f ish  uti l ize  larce  insects,  
leeches,  molluscs and f i sh  (Carl e t  at., 1973).  Scott and  Crossman (1973)stated 
tha t  w i t h  increased  fish size, diet  progresses from plankton t o  insects and 
crustaceans, and then t o  fi.sh. They added tha t  i n  certain  lakes  trout reach 
weights o f  1.8  or 2.3 kg on a d i e t  comprised only of invertebrates. 

Optimum water  temperatures for rainbow trout were reported t o  be 21.OoC or 
s l ight ly   less   (Scot t  and Crossman, 1973). Specimens occurring i n  cooler.waters 
exhibited  slower growth rates  and a reduced maximum size.  Lagler (1966)  s ta ted 
rainbow t r o u t  are best suited  to  water  temperatures  ranging from a b o u t  3.3OC 
i n  winter ' to 21.1°C i n  summer. He added this  species may sustain water 
temperatures up t o  about 27.OoC  (81OF) b u t  only for short  periods  of  time. 
Black ( i n  Scott  and  Crossman, 1973) found the upper lethal temperature for 
rainbow trout  f ingerlings was 24.OoC when acclimated a t  a temperature o f  ll.O°C. 

(b) Mountain Nhitefish 

Mountain whitefish (Prosopim vil l imnsai) occur  only  in  western Norti America. 
In British Columbia, they have been collected from the  Fraser, Okanagsn, Kootenay 
and other  r iver systems  (Carl e t  at., 1973; Scott and Crossman, 1973). 
Distinguishing  characteristic of t h i s  species of  salmonid are  the  troJt-l ike 
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body, large scales, large  unspotted  adipose  fin, and narrow peduncle. Mountain 
whitefish  are important both as  a food and game f i sh  i n  British  Colurbia. McHugh 
( in   Scot t  and Crossman, 1973) s ta ted t h a t  pr ior   to  i t s  sale  being banned i n  
1940, this  species was sold door to  door a s  a food fish in  the  province. 

Mountain whitefish  are present i n  lakes and larger  rivers,  preferring  larger 
to  smaller  streams  (Scott and Crossman, 1973). They have been recorded from 
t u r b i d  pools i n  a  stream  as well as from eutrophic  lakes. Nelson ( in   Scot t  
and Crossman, 1973)  noted  the adaptabili ty of this species  to changing  environ- 
mental conditions  (hydro-electric development) i n  A1 berta  waters. 

Spawning occurs  near mid-November in  the Okanagan system and eggs hatch  about 
the  following March (Carl et aZ., 19.73). Fish  reach  sexual  maturity a t  age 3 
or  4 and spawn over  gravel  or rubble w i t h o u t  constructing  a  redd. Br3wn ( in  
Carl et aZ., 1973)  reported  that  in Montana, whitefish spawned a t  depths of 127 - 
1,219 mm. Females average  about 5,000 eggs per pound of body weight  (Scott and 
Crossman, 1973). The larvae  or  fry remain i n  shallow  stream  areas  until  reach- 
i n g  a  length of about 30 t o  40 mm, then move offshore. 

Scott  and  Crossman (1973)  reported  the maximum age of mountain whitefish  as 
17 or  18 years. McPhail  and Lindsey ( in   Scot t  and  Crossman, 1973) s t l t ed  the 
world record  whitefish wa3 taken from Lardeau River, British Columbia, and  had 
a weight of 2.0 kgm and length of  572 mm. Following i s  a l i s t  o f  to t11  l e n g t h  
ranges a t  ages  1-9  modified from Nortcote (1957) Scott and Crossman ( 1973): age 1 ,  
66-135 mm; age 2, 107-224 mn; age 3, 163-297 mm; age  4, 196-328 mn; a3e 5, 
221-330 mm; age 6 ,  284-358 mm; age 7, 325-391 mm; age 8, 351-417 mm; ,lge 9, 
,376-442 mm. Lengths are  for  individua3s  taken from Brit ish Columbia, Alberta, 
Utah and California  waters and i l lus t ra te   the   s ize   var ia t ion  over thi ';   species' 
range. 

Mountain whitefish  are  primarily bottom feeders,  their  sub-terminal m ~ u t h  making 
them well adapted for   this  type  behaviour. Aquatic insect  larvae comprise an 
important part of the  diet ,  a1 though whitefish have been observed  feeljing 
throughout  the  water column (Scott  and Crossman, 1973). This species was 

B1-4 



beak 

reported by Foerster and Simon ( i n  Scott  and  Crossman, 1973) to e a t  . .  eggs of i t s  
own and other  species.'  Ricker ( i n  Scott  and  Crossman, 1973) found that  in  Cultus 
Lake, British Columbia, whitefish occasionally  fed on small  sockeye salmon. 
Because of  similar food habits,  i t  can compete w i t h  rainbow t r o u t  and  salmon 
(Carl e t  aZ., 1973). 

(c )  Brook T r o u t  

Brook t rout  (Salvetinus fmtinalis) are  
b u t  have been introduced  throughout the  
f i sh .  In British Columbia, brook trout 

native t o  northeastern North America, 
world because of their appeal  as  sport 
occur i n  streams and lakes  in  the 

southern  interior.  Distinguishing  characteristics of t h i s  salmonid are the r e d  
spots w i t h  blue halos and dark  green  marbling on the back and dorsal  fin. I t   i s  
a  popular game fish and is reared i n  hatcheries  for  stocking i n  b o t h  public and 
private  waters  (Scott and  Crossman, 1973; Carl e t  aZ., 1973). 

Brook t r o u t  occur i n  clear,   cool,  well-oxygenated  lakes and streams and seek 
water  temperatures below 2O.O0C (Scott and  Crossman, ,1973). As temperatures 
increase t o  this  point,   individuals  in. lakes move to  deeper  water  while those i n  
streams  migrate  downriver t o  larger  bodies of water  or  lakes. Carl e t  d., 
(1973)  reported  that  individuals  stocked i n  slow-moving streams and shallow 
lakes i n  Bri t ish Columbia exhibit  a  sluggish  behaviour. 

Spawning takes  place  during fall,  usually  over  gravel i n  shallow  headdater 
streams. Brook trout also spawn over gravel i n  lake  shallows i f  a moderate 
current and spring upwelling exist.  Sexually mture fish  (usually a g z  3 and 
older)  migrate upstream, males generally  arriving  before and in  greatzr numbers 
than females. The female clears  the redd of s i l t  and debris by fanning  the 
caudal fin.  After  deposition of eggs and milt ,  the female  covers the eggs w i t h  
gravel by similar  fanning movements. Eggs remain i n  the  gravel  over  winter and 
hatch  the  following spring. Hatching  time varies from 50 days to  10.'3°C to 
100 days as 5.OoC. The upper lethal  temperature  for eggs i s  11.7'C. Larvae or 
f r y  remain in  the  gravel  until the yolk  sac i s  absorbed and become frv?e swimning 
a t  a length  of about 38 m (Scott  and  Crossman, 1973). 
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Brook t rout  seldom l i v e  longer t h a n  5  years or, grow larger than 4.5 kgm (Scott 
and  Crossman, 1973). A 6.6 kgm specimen was caught i n  Nipigon River,  Ontario, 
i n  1915. Following i s  a l i s t  of length  ranges of brook t r o u t  for various 
Canadian waters:  age 0+, 35-45 nun; age  1+, 90-155 mm; age 2+, 130-295 mm; age 3+, 
180-390 mm; age 4+, 220-440 nan; age 5+, 260-490 nan; age 6+, 300-535 mn. Lengths 
are  expressed  as  approximations  since raw data  presented by Scott and  Crossman 
were for  standard,  fork or total  length depending on study  location. However, 
the wide range i n  s izes   for   a l l  b u t  O+ aged f ish  i l lustrates   the  var is t ion i n  
this species' growth rates.  

Brook trout feed  primarily on insects a l t h o u g h  larger  individuals con:;ume 
various  fish  species  (including young  brook trout and  brook trout egg:;). 
amphibians, rep t i les  and small mammals (Carl et aZ., 1973; Scott and  Crossman, 
1973).  Ricker ( in   Scot t  and  Crossman. 1973) found that  i n  Ontario brook trout 
fed on over 80 genera of aquatic  insects with Ephemeroptera, Trichoptera, 
Chironomidae, and Simuliidae  larvae common. 

( d )  Bridgelip Sucker 

Bridgelip  sucker (Cutostomus coZwnbianus) are   res t r ic ted t o  northwestern North 
America. In  British Columbia, they  occur i n  the Columbia and  Fraser  River 
systems.  Distinguishing  characteristics of  this  species of sucker ( f m i l y  
Catostomidae) are the  incompletely c l e f t  lower l i p  and the absence of notches a t  
the  corners o f  the mouth. Small bridgelip  sucker may  be uti1  ized  as a forage 
f i sh  by economically  important  salmonids.  Otherwise, this  species has  no known 
d i rec t   o r   ind i rec t  value t o  man (Carl et aZ, 1973);Scott and Crossman, 1973). 

Bridgelip  sucker  generally  inhabit  colder  waters of small,  swift  rivers w i t h  
gravel t o  rocky substrates. They also occur i n  r ivers with a slow current and 
mud-sand substrate, b u t  seldom in  lakes  (Scott and Crossman, 1973; Carl et d., 
(1973) concluded that i n  British Columbia  spawning occurs in , la te   spr ing,  as 
evidenced by the  collection of ripe males and females n o r t h  of Prince George i n  
ear ly  June.  Scott and  Crossman (1973) stated  that  in Idaho young attain  lengths from 
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40-50 mm a t  the end of their f i rs t  sumner. They reported maximum lengths of 
bridgelip  sucker range from  250-361 mn. 

Food habits of bridgelip  sucker  apparently  consist  of  scraping  algae  off  rocks. 
Carl e t  aZ. (1973) stated this type  of  feeding  behaviour i s  character is t ic  of 
f i s h  w i t h  a f l a t  mouth  and sharp-edged lower jaw, l o n g  intest ine,  anc'  black 
peritoneum, a l l  of which are  exhibited by bridgelip  sucker.  'Scott and Crossman 
(1973)  noted that  benthic  invertebrates would a l so  be ingested  while feeding in 
th i s  manner. 

(e)  Longnose Dace 

Longnose dace (Rhinichthys cataractae) occur  across  north-central North America. 
They are widely d i s t r i b u t e d  i n  British Columbia  and have been reported from the 
Thompson River drainage  (Carl et aZ., 1973).  Distinguishing  characteristics 
of t h i s  species of minnow (family  Cyprinidae ) are the long  snout a,ld fusion 
of  the  snout and upper l ip .   Scot t  and  Crossman (1973)'  reported  longn~~se dace 
are  a seldom used ba i t  species i n  Canada. Baxter and  Simon (1970) sh t ed  t h a t  
in  the North Plat te  River, Nyoming, longnose  dace are an important ba . i t  f i sh  
and also an impor tan t  forage  f ish  for trout. They may presumably be iln important 
forage  fish for t rout  i n  British Columbia waters. 

Longnose dace are  usually found i n  r u n n i n g  water,  although  they have  heen 
reported i n  shore  areas  of  large  lakes  (Carl e t  aZ., 1973). Their presence i n  
a  stream  generally  characterizes i t  as clean and swift-flowing w i t h  a  gravel t o  
boulder  substrate  (Scott and Crossman, 1973). They usua l ly  occur on the bottom 
i n  r i f f l e s  of  both  small and large  streams. Their often reduced swim bladder 
re f lec ts  an adaptation t o  t h i s  type  habitat  (Baxter and Simon, 1970). 

Spawning usually  begins from May to   ear ly   July and can continue  into  late August 
(Scott and  Crossman, 1973).  In the Nicola  River  drainage, Brit ish Columbia, 
Carl e t  aZ., (1973) reported collecting  r ipe males and females i n  ear ly  June a t  
a water  temperature of 11.7'C.  Males guard a   terr i tory,   usual ly   in   r i f f les  over 
a gravel  substrate, where females spawn. McPhail  and Lindsey ( i n  Scott  and 
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Crossman,  1973) r epor t ed   t ha t  i n  Ilanitoba  females  deposited 200 to  1,200  adhesive 
eggs which hatched i n  7 to  10  days a t  a water temperature  of 15.6OC. The young 
absorbed the yolk  sac  about  7  days  after hatching then  rose  to   the  surface.  

r 

.. They,remained  pelagic  for  about  4 months, inhabi t ing  quiet   shore  waters  of 
streams,  before moving to   t he   s t r eam bottom. 

rL 
Scale   analysis   has  shown longnose  dace grow rather   s lowly b u t  a r e   r e l a t i v e l y  
long-lived. Kuehn ' ( i n   S c o t t  and  Crossman,  1973) repor ted   to ta l  lengths i n  
Minnesota waters   as  48 mn a t  age  1,  61 nun a t  age 2. 74 mm a t  age 3, E16 nm a t  
age  4,  and 99 nun a t  age 5. Maximum length  reported by S c o t t  and Crossman f o r  
Nanitoba  and  Lake Erie  sDecimens is  124 nun. 

* 

.I 

a 
( f )  Leopard Dace 

I 
Leopard  dace (Rhinichthys fa2catus) occur i n  the Fraser River system and i n  the  

' Columbia River  basin  east  of  the  Cascades.  In Canada, they have  beer reported 
on ly  from B r i t i s h  Columbia (Scot t  and  Crossman,  1973). D i s t ingu i sh i rg  charac- 
t e r i s t i c s   o f  this  species   of  minnow are   pe lv ic   s tays   ( f leshy   t i s sue   connec t ing  
inner   rays  of pe lv ic  f i n  t o  body), dis t inct   b lack  " leopard"  blotches on the  

- 
I body, and  a pro tac t i le   upper  l i p  (Carl e t  aZ.,  1973).  Leopard  dace a r e  of no 

apparent commercial  importance t o  man, b u t  may se rve   a s   a   fo rage   f i s t   f o r  
la rger   p reda tors  such a s   t r o u t .  m 

Leopard  dace generally  occur i n  r u n n i n g  water,  b u t  have  been reported i n  shallows 
of several   large  lakes   (Carl  e t  aZ., 1973). They a r e  often found i n  the  same 
r iver   system  as   longnose  dace,   a l though  these  species   exhibi t   d i f ferent   current  

I 

I._ preferences.  Leopard  dace prefer  slow-moving water,   probably  less than 0.5 m/s, 
while  longnose  dace  prefer  swifter  currents  (Scott  and Crossman, 1973). 

8- 

L i t t l e   in format ion  i s  ava i l ab le  on time  of  spawning. Based on examination of 
gonads, Gee and I\!orthcote ( in   Sco t t  and  Crossman,  1973) reported  leopard  dace 
probably spawn i n  early  July.   Carl  et a2. (1973)  stated  breeding  males  develop 
red 1 ips i n  spring and some are  covered w i t h  small  white  tubercles. 

u 

a 
- 
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- - Based on length-frequency  distributions, Gee and Horthcote (in  Scott  and Crossman, 

1973) presented  the  following  age-fork  length  relationships  for  leopard  dace: 
age 0 i n  August. 9-18 m; age 1 i n  June, 18-36 mm; age 2 in June, 44-61 m; 

and slightly  longer than  males.  Carl et a t . ,  (1973) noted similarly  that  on 
* age 3 in  June, 60-80 m; age 4+, 80-120 nun. They found females were heavier 

1 the  average,  females were larger t h a n  males. 

Leopard dace feed  primarily on insects  (Scott and  Crossman, 1973; Carl e t  a t . ,  
1973). Young-of-the-year u t i l i ze  Diptera (Chironomidae) larvae.  Yearlings 
feed  largely on Ephemeroptera and Diptera d u r i n g  June and July, b u t  switch t o  
terrestr ia l   insects  by September. Principal  foods of  age 2 and older  fish  are 
aquatic (Ephemeroptera,  Diptera,  Plecoptera, and Trichoptera) and te r res t r ia l  
insects and earthworms. 

(9)  Redside Shiner 

Redside shiner (Aichardsonius batteatus) are   res t r ic ted t o  North America  and are  
found primarily west of the Rocky Mountains (Scott and  Crossman, 1973). In 
Brit ish Columbia, they are  generally  distributed  in  lakes and streams o f  the  Fraser, 
Columbia, and Skeena systems (Carl e t  al., 1973).  Distinguishing  characteris- 
t i c s  of th i s  minnow are  the very l o n g  anal f i n  base and posterior  location of the 

'dorsal   f in .  The importance of redside  shiner  as food for  larger  sport   f ish  in 
Brit ish Columbia was noted by Carl et el. (1973). However, they  adde(i that  
redside  shiner and  young trout may compete for  the same food and that  shiners 
my feed on trout fry. 

Redside shiner spawn  from May t o  late  July  or  early August. Males  and females 
apparently  reach  sexual  maturity  during  their t h i r d  year of l i f e .  Many 
individuals,  particularly males, may spawn several times during the simmer  and 
up to  46 percent  of  these  survive t o  spawn the  following sumner. Adu: ts  migrate 
into spawning streams when stream  temperature  exceeds 10.O°C and exhitlit some 
homing tendency. Eggs are  deposited i n  r i f f l e s  over  gravel or, for  ttlose 
individuals spawning in  lakes,  over submergent vegetation  near shore. Hatching 
time varies from 15 days a t  a water  temperature of 12.0% t o  3 days a t  21.0%. 
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I n  streams, young are  carried downstream a t  night by currents,  apparently  about 
10 days after  hatching. They a r e   s t i l l  in a  very immature stage when they  reach 
the lake. Both young  and a d u l t s  e x h i b i t  schooling  behaviour  (Scott itnd 

Crossman, 1973). 

Approximate age-fork length  relationships  for  redside  shiner dur ing  rlid-sumer 
i n  Sixteen Mile Lake, Brit ish Columbia are  as  follows: age 0, 5-10 tm; age 1,  
25-55 m; age 2, 55-70 n; and age 4+, 110+ mm (Scott and  Crossman, 1973). 
Maximum age was reported  as probably no greater than 7 years and maximum size 
about 180 mm. Females were observed t o  grow fa s t e r  and l i v e  longer than  males. 

Primary foods of adult  redside  shiner i n  Brit ish Columbia are  aquatic and 
te r res t r ia l   insec ts ,  and occasionally small f ish such as trout, other minnows, 
and other  redside  shiners  (Carl et aZ., 1973; Scott  and Crossman, 1373). Redside 
shiner have also been noted t o  consume eggs o f . t n e i r  own species. Food of f ry  
includes  diatoms, copepods and ostracods.  Scott and  Crossman stated  that  although 
redside  shiner  are  often an important  forage  fish  for  species such as rainbow 
and cut-throat  trout,  they. can be serious  competitors  for food and space. 

81.1 LIFE  HISTORIES OF ANAOROblOUS FISH 

( a )  Pink Salmon 

Oncorhynchus gorbuscha. Adult p i n k  salmon occur in the Pacific and A-ctic 
Oceans, the Bering and Okhotsk Seas, and the Sea o f  Japan. They have been 
successfully  introduced i n  the upper Great Lakes. Spawning occurs i n  most coastal 
t r ibu tar ies  of western North America extending from the Sacramento River, 
California t o  the Bering Sea,  Alaska. In northeast  Asia, spawning occurs from 
Peter the Great Bay north to   the Lena River (Scott and  Crossman,  1973:. 

P i n k  salmon are  the most abundant salmon i n  Brit ish Columbia (Hart, 11173),  and 
the second most abundant ( a f t e r  sockeye) i n  the  Fraser  River system  (IIe?artment 
of  the Environment, Fisheries and I4arine Service,  1975). They  spawn i n  most . 

. .  
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major rivers (except  those a l o n g  southeast Vancouver Island) and many smaller 
coastal  streams. I However, about 75 percent of the  stock spawns j n  only 78 (or  
8%) of these rivers (Carl e t  uZ., 1973; Hart, 1973; Scott  and  Crossman, 1973). 

Adult p i n k  salmon migrate from the sea to  freshwater rivers from June t o  
September,  depending on location  (Scott and Crossman, 1973). Males and larger 
fish generally enter the  river f irst  and usually do so on high  water  (Hart, 
1973). Spawning migrations  usually  extend no  more than  about 65 km upstream, 
not f a r  from s a l t  water, a1 though upriver movements  of about 480 km have been 
reported  (Scott and  Crossman, 1973). 

Most adul ts   exhibi t  homing behaviour,  returning t o  the  stream  in which they were 
spawned.  However, some have been captured i n  spawning streams 600 knl from their 
parent  stream  (Scott and  Crossman, 1973; Hart, 1973). 

Spawning occurs i n  r ivers  and tributary  streams from mid-July t o  late- October. 
Spawning streams  are  usually small w i t h  medium-sized gravel substrate,  although 
main channels of the  Fraser and Yukon Rivers  serve  as pink salmon spawning 
grounds (Scott and  Crossman, 1973).  In the Fraser River  system, pink,  salmon 
exhibit  an ear ly  peak spawning run in  mid-September and a l a t e  peak run  i n  early 
October (Hoos and  Packman, 1974). 

Eggs hatch from l a t e  December t o  l a t e  February, depending on water tmperature 
(Scott and  Crossman, 1973;  Carl et aZ., 1973).  Alevins remain i n  t h e  gravel 
from l a t e  February t o  early Hay u n t i l  the yolk  sac is 'absorbed,  then become 
free-swimming a t  a length of a b o u t  33-38 nnn (Scott and  Crossman, 1973). 

Fry commence downstream migrations soon after  leaving the redd, usually a t  water 
temperatures o f  4-5OC (Wickett,  1962). During 1974, peak  downstream migration 
i n  the  Fraser  River  occurred on 5 April w i t h  the median date  for  duration of 
downstream movement on 10 April (Department  of  Environment, Fisheries and  Marine 
Service,  1975). Hoos and Packman (1974) reported young in  the  Fraser River 
generally  exhibit a random depth distribution  during downstream migrations, 
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although most occur  nearer the surface i n  day1,ight. The downstream migration of 
an individual,  generally takes no more than 24 hours (Hoos and  Packman, 1974). 
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Upon reaching  estuarine  waters, the young form large  schools and are  active 
during  the day (Scott and  Crossman, 1973). They remain i n  inshore waters during 
t h e i r  f irst  summer, then move t o  deeper, open-sea waters i n  September. Many 
young from the Fraser  River spend t h e i r   f i r s t  sumner i n  less saline  waters near 
the  outlet  before moving further offshore  (Hart,  1973).  In some a re l s  young 
probably  disperse a l o n g  the  shoreline  several days a f t e r  completing downstream 
migrations. 

After  spending  approximately  18 months a t  sea, p i n k  salmon return  as two-year- 
old s,pawning adults.  Individuals  three  years of age have  been reported b u t  are 
uncommon (Scott and  Crossman, 1973). Average weight of returning adlJ1 t s   i s  about 
2.2 k g  and average  length i s  from 432-483 mm (Hart, 1973; Scott and  Crossman, 
1973). Spawning runs in a given  stream  occur  predictably i n  even or odd years. 
Generally, runs i n  northern  'British Columbia occur on even years. Some'streams which 
support runs each year may have a dominant run one year and a small r u n  the 
next (Scott  and Crossman, 1973). 

The food of  p i n k  salmon varies  with 'f ish  size.  The young occasionally  utilize 
insect  nymphs and larvae  while  in  fresh  water,  although  they spend only a short 
time  there  (Scott and  Crossman, 1973). From April t o  June, young  from the  Fraser 
River feed primarily on copepods b u t  by Ju ly  are  large enough t o  u t i i i z e  
chaetognaths, amphipoda  and euphausids  (Hart,1973). They also feed o n  young 
fishes such as herring, eulachon, smooth-tongue,  hake, pricklebacks and gobies 
d u r i n g  t h e i r   f i r s t  sunnner (Hart,  1973).  Studies by the Department 01' Environ- 
ment, Fisheries and Marine Service (1975) showed t h a t ,  i n  the  south ?.rm of  the 
Fraser, young pinks  feed on amphipods  and harpacticoid copepods.  In estuarine 
areas young feed on plankton and estuarine  benthos. A t  sea,  foods  irlclude 
euphausids, amphipods, copepods, pteropods,  squid and f ishes.  Adults do n o t  
normally  feed after  entering spawning rivers  (Scott  and Crossman, 197'3). 
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(4.2 Coho Salmon p. Oncorhynchus 'kisutch. 

Spawning popu la t i . ons .o f  coho  salmon utilize Nor th  American coastal  streams f r o m  
Monterey Bay, Ca1iforni.a  to  point Hope, Alaska. The majority  of the North 
American population  occurs between Oregon and south-eastern Alaska. Asian 
populations spawn i n  coastal  streams from the Anadyr River, U.S.S.R., south t o  
Kokkaido, Japan. Coho salmon usually do n o t  range far out t o  sea; most appear t o  
remain within 1900 km of  shore. Adults have occasionally been reported  as  far 
south  as  Baja.  California  (Hart, 1973; Scott  and  Crossman, 1973). 

Sexual maturity  usually i s  reached between the ages  of  3 and 4 years (Hoos  and 
Packman, 1974). Normally coho spend two summers (approximately 18 months) i n  the 
open ocean before  migrating t o  fresh  water  for spawning. Occasionally  males, and 
more infrequently  females, may reach  sexual  maturity  the f i r s t   f a l l   a f t e r  migrat- 
i n g  t o   s a l t  water  (age 2 years).  In Bri.tish Columbia, precocious  individuals  occur 
mainly in  the  southern spawning areas  (Scott and Crossman, 1973). 

Mature coho salmon leave  their  feeding  areas i n  the open ocean and migrate  south 
along  the  coasts  of Alaska and  Canada on their way t o  freshwater spawning areas. 
Dur ing  this migration  they grow rapidly  while  feeding mainly on f ish  ( ' lar t ,  1973). 
Coho salmon have a  very  strong  tendency to  return t o  their  natal  strealn. Sco t t  
and  Crossman (1973)  reported tha t  85% of  spawners return t o  their  natal  stream. 

Before  leaving s a l t  water, coho adults  usually  congregate a t  the mouth of t h e i r  
natal  river  system.  Their movement in to  fresh water i s  often  triggered by the 
increased river flows  caused by f a l l  rains  (Scott  and Crossman, 1973). In the 
Fraser  River,  migrating  adults enter the main stem between July and.De:ember 
(Department o f  Environment, Fisheries and Marine Service, 1975; Scott  ,and Cross- 
man. 1973). Escapement of  migrating spawners i s  dependent on fishing  ]pressure 
and the environmental conditions  influencing  survival i n  ocean and frelihwater 
environments. 

Coho salmon generally  select  smaller streams for  spawning (Hart ,  1973; Hoos and 
Packman, 1974). For th i s  reason the  Fraser  River i s  only mderately u.:ilized by 
Coho. Spawning occurs between September and March with peak spawning pr iods 
occurring from October t o  November  and i n  December (Hoos and  Packman, ::974). 
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Emergence occurs between early March and late  July  ( .Scott  and Crossman, 1973). 
Migration to s a l t  Water may begin immediately. b u t  more often the jllveniles 
remain i n  fresh water through March or  April of  the  follwing  year, 

J u s t  prior t o  migration  to  salt  water, juvenile coho  become  more active and 
form small schools. A t  this time  they  are  about 10 on i n  length  (Scott and , 
Crossman, 1973).  Migration i t s e l f  i s  accomplished by the juveniles (smolts) 
moving i n t o  swift   current and being swept downstream (Hart,  1973). Often the 
peak migration  period  coincides  with spring and summer freshets (Hocs and Pack- 
man, 1974). 

Coho smolts  generally  arrive a t  the mouth  of their natal  stream i n  l a t e  May 
(Scott  and Crossman, 1973). They are t h o u g h t  t o  remain i n ' t h e  estuary,or 
lower r iver  through the spring and summer before moving t o  open ocean feeding 
areas (Hoos  and  Packman, 1974; Scott  and Crossman, 1973). Not a l l   j w e n i l e s  
migrate  to open ocean.  Occasionally  individuals remain i n  fresh  water  (Scott 
and Crossman, 1973).  Others will take up residence i n  t he   S t r a i t  of Georgia 
'(Hart,  1973). Both those  that  remain i n  fresh water and i n  the Stra , i t  o f  
Georgia grow less than coho t h a t  migrate  to  the open ocean. 

Larval and juvenile  herring and other  f ishes were the important  food  items  in 
terms o f  biomass, for juvenile coho in  estuarine  areas (Department of Environ- 
ment, Fisheries and Marine Service,  1973). 

(c) Sockeye Salmon - Oncorhynchuus nerkcr. 

Sockeye salmon occur throughout the north Pacific Ocean ranging from the 
Sacramento River, California, .north t o  the Canadian Arctic and westward t o  t h e  
Sea of  Okhotsk ,  near Japan. Sockeye abundance along  the Asian coast   i s  
centered around the Kamchatka Peninsula  (Hart,  1973). The primary arzas of 
abundance of t h i s  commercially  sought  species  range from the Columbia River t o  
Bristol Bay, Alaska,  with  the  heaviest  concentrations  centered around the 
Fraser  River  in  British Columbia (Hart,  1973). 

Adult  sockeye salmon migrate  eastward  over the continental  shelf toward 
Bri t ish Columbia d u r i n g  the sumner months (Hart, 1973). The time of itrrival 
a t  the  estuary  or river mouth i s   re la ted  t o  the  distance  upriver which  must 
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he trayelled,  Fenerally early  arri.vals  will  mi,grate  further upriver to spawn 
(Scott  and  Crosrjqan, 39731, Verhoeven  and Dayidoff 11962) discovered from 
adult  sockeye taggi ,ng  studies,  t h a t  the principal  mi~gration extends through 
the   S t r a i t  of Juan ae Fuca past Salmon Banks,  South Lopez, Rosario S t r a i t ,  
Lummi Island and on t o  Point  Roberts. 

Sockeye stocks  originating from Bri t ish Columbia normally reside soclewhat 
more than one year  in fresh water and 2 or mre   years  i n  salt  water (Hart, 
1973). The average  lifespan i s  composed of  four summers i n   s a l t  wa::er  and 
two winters  in  fresh water (Carl, 1973; Hart, 1973; Ricker, 1950). However, 
precocious males or  ”jacks” may return t o  their natal  streams  after  three 
years  (Carl,  1973). Sockeye demonstrate a cyclic dominance in  the  Fraser 
River,  yielding dominant (every  fourth  year) and subdominant years  {(Ricker, 
1950). 

The prespawning migration  in  the  Fraser  River f i r s t  occurs d u r i n g  early  July, 
when fish move immediately in to  fresh water and quickly upstream. Later runs 
o f  sockeye  appear in   ear ly  August, delay a t  the  r iver mouth from D.34  days, 
and proceeed  slowly  upstream (Hoos  and  Packman, 1974; Verhoeven and.Davidoff, 
1962). Time o f  entry  into  the  Fraser River” ... varies between years,  between 
cycle  years, between races  within a cycle  year, and between cycle  years  within 
a par t icular  race’! (Hoos and  Packman, 1974, p.  108). Typically, ma’ture f i sh  
enter  fresh  water and arrive  near  their   natal  stream i n  early summer and remain 
u n t i l  f a l l  when spawning occurs  (Carl ,et a l ,  1973; Scott and Crossmi!n, 1973). 

The presence  of a l ake  i s  generally a requis i te  f o r  successful  sockeye 
spawning and rearing. Most f ish spawn in  t r ibutar ies   to  a lake, however, some 
fish may  spawn  on the  lake’s  shoreline or i n  the  lake’s  outlet.  0c’:asionally 
they  will spawn i n  systems  without  lakes  (Hart, 1973; Scot t  and Crossman, 1973); 
however, sockeye do n o t  spawn in  the  Fraser  River mainstem. 

After  energence, the f ry  proceed to the lake where they  are found principally 
along  the  shoreline (Hart ,  1973). Young sockeye i n  lakes consume moplankton 
and insect  larvae.  Predators of  young sockeye include rainbow t r o u t ,  coho 
salmon,  Dolly Varden, char,  squawfish, and the  prickly  sculpin  (Hart,  1973). 
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Downstream migration  occurs i n  t h e  spring when the sockeye have obtained 
lengths ranging from 6,O to 9,5cm  (Hart, 1973; 'Scott and  Crossman, 
1973). Downstream migration  occurs both day and n i g h t  i n  the t u r b i d  waters 
of the Fraser (Hoos and  Packman, 1974). Sockeye salmon smolts remain i n  
brackish and water dur ing  the  early summer. During th i s  period foocl consists 
of  various  insects,  crustaceans, and larval and  young fish such as the sand 
lance,  eulachon,  hake, herring, pricklebacks,  starry  flounder,  big eye w h i t i n g  
and rockfishes  (Hart, 1973). 

( d )  Chinook  Salmon .. Oncorhynchus t s h y t s c h .  

A d u l t  chinook salmon occur  in the Pacific Ocean, in  the Bering and Okhotsk Seas, 
the Sea o f  Japan, and rarely. i n  the  Arctic Ocean (Scott  and Crossmal,  1973). 
Chinook are anadromous i n  large rivers flowing into  these  seas. You,ig  and 
spawning adults  range from southern  California's Ventura River through Oregon, 
Washington and British Columbia (Hart,  1973). In British Columbia, chinook 
salmon ascend a l l  major  streams  including  migration up the Yukon Rivtrr t o  
spawn i n  t r ibu tar ies  o f  Bennett and Teslin Lake's (Carl e t  aZ., 1973). Chinook 
adults  appear i n  certain  Brit ish Columbia rivers  in August  and September, and 
egg deposition  occurs  during  October and November (Carl e t  aZ. , 1973). They 
spawn e i ther  immediately above the  t idal   l imit  or migrate hundreds of' miles 
upriver  (Hart, 1973). 

Generally, runs i n  mure northerly  rivers  occur  earlier. However, chinook 
appear o f f  the mouth of  the  Fraser River as  early  as  January and the i r  run 
reaches  a maximum i n  August and September. Spawning time varies w i t h  time  of 
a r r iva l   a t  the river mouth, area, and length o f  river  migration  (as much as 
960 km i n  the Fraser  River). Spawning occurs  in the  Fraser  River system from 
July t o  November (Scott and Crossman, 1973).  Several runs are recognized  in 
the  Fraser River  system (Hoos and  Packman, 1973) each of which repres1:nts a run 
t o  a  Fraser  tributary or group o f  t r ibu tar ies .  Chinook u t i l i ze  about  260 
Brit ish Columbia streams b u t  50% of  the  production comes from only 14 streams, 
one o f  which is  the  Fraser River (Scott  and  Crossman, 1973). 
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Usually young chinook migrate t o  sea soon after  hatching, however, t.hey may 
remain one or two years i n  fresh water. Young chinook salmon are fcund off 
the mouth o f  the Fraser  River from April on, There  they a re  4 t o  5 centimeters 
long  in  April, 9 centimeters  in  June, and 13  centimeters by July (Hart, 1973). 
Food a t  th i s  stage was found t o  include herring, sand lance,  eulachon,  zooplankton, 
insects and crustaceans (Hart, 1973). 

Chinook migrate northwest along the coast  before returning t o  spawning steams 
(Hart,  1973). T h e  najor growth takes pl.ace i n  the  sea,  the  fish becoming 
mature i n  three t o  seven years  (Carl et uZ., 1973).  In Canada, most chinook 
spend 2 - 3  years i n  the sea b u t  spawning adults have  been found as  old  as  9 
years (Scott  and Crossman, 1973). Fish make up the b u l k  (97%) o f  adult food 
i n  the  ocean.  Herring and sand lace  are  the most frequently  eaten  fish  (Scott 
and Crossman, 1973). 

( f )  Steelhead - S u h c  guirdneri 

Steelhead i s  the anadromous form of rainbow trout.  Rainbow t r o u t  originally 
occurred  only  in North America,  mainly west of  the Rocky Mountains from extreme 
northern Baja California,   to the Kickokwim River, Alaska (Scott  and  ICrossman, 
1973). I t  has been introduced  throughout North America as well as in  many 
other parts of  the world (Hart, 1973; Scott and  Crossman, 1973).  Stl?elhead 
occur  in  coastal  streams and rivers from northern  California t o  Alaska (Smith, 
1969). Steelhead have been observed as   fa r  out  t o  sea as 150 w long. i tude 
(Hart,  1973). A typical  r iver system in  Brit ish Columbia could be expected 
t o  contain bo th  resident rainbow trout  and steelhead  (Scott and Crossman, 1973). 

While in salt   water,   steelhead  adults feed mainly on f i sh  and variour;  crustaceans 
(Hart,  1973). Ocean l i f e  may las t   a - few months t o  several  years (Hoc~s and 
Packman, 1974).  Sexual matur i ty  is usally reached between 4 and 6 years  of 

.age  (Carl et aZ., 1973). In  the  Fraser  River; two d is t inc t  spawning runs 
of  steelhead exist, a summer run entering the r iver  between June and September 
and a  winte run  fzntering, between November and April (Hoos and Packmar, 1974) .  
Both runs spawn i n  the spring. Tendencies toward summer and winter spawning 
runs appear t o  be inherited and are found in  many river  (Hart ,  1973).  Generally 

~- 
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the summer run o f  steelhead  will move far ther  up a river system t o  !;pawn 
than  winter run steelhead. Summer run  fish  usually  are  not  sexually mature 
when they  enter a river, while winter run fish are mature  (Smith,  1969],. 
Rainbow trout (.including  steelhead) mainly spawn in.smal1  tributariE!s  of 
r ivers ,  and in l e t   o r   ou t l e t  streams of lakes  (Hart,  1973). Unlike Facific . 
salmon, steel  head occasionally survive spawning. Hoos and- Packman  11974) 
reported tha t  approximately 10 percent  survive spawning t o  spawn a second 
time. They also  reported t h a t  less than 1,percent survive  to spawn a t h i r d  
time. 

Migration  of  juveniles  to  sea  generaliy  occurs  during  spring  freshets (Hoos 
and Packman, 1974).  Before moving out t o  sea, young steelhead  are though t  
be remain near the mouth of  their   natal   r iver  (Hoos and  Packman, 1971). 
Young steelhead occur i n  the S t r a i t  of Georgia off the out le t  of the  Fraser 
River and i n  Saanich Inlet  (Hart,  1973). In June these fish were feeding on 
insects,  euphausids, copepods, amphipods  and other  crustaceans, 
and  young f i sh  such as sand lance, herring, eulachon,  red  devil,  searcher and 
smooth tongue. 

In Canada and the United States the steelhead is  considered a sport fish.  Indians 
i n  Brit ish Columbia harvest  steelhead commercially (Hoos  and  Packman, 1974). 
Hoos and Packman (1974) also  reported  that  steelhead  are  taken  incidcntally 
while  gil lnett ing  for salmon a t  the Fraser River mouth and upstream  near 
Mission City. They also  reported  that  Indians  fishing  the  Fraser River and 
Howe Sound area  (including  the Squamish system)harvested between 3875 (1965) 
and 1510 (1969) steelhead.  Steelhead  are pursued by sportsmen in many coastal 
and t r ibutary streams. The Indian  comercial  catch o f  steelhead has been 
declining  since 1960  and sport  catches have been declining  since 1966 (Hoos 
and  Packman,, 1974). 
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TABLE B-1 

ESTIMATED NUMBER OF ANGLER DAYS LISTED BY NANAGEMENT UNIT 

SPENT ON LAKES  IN THE STUDY  REGION IN 1976 

Lake 

Manaqement U n i t  3-12 

- 

Bo1 is 
Brenda 
Corbette 
Courtney 
Doug1 as 

Hatheume 
Ellen 

Jackson 
Loon 
Lundbom 

K e l l i n  
Marquart 

Minnie 
Penask 
Pinnacle 
Pothole 
Rat 
Reservoir 

Skunk . 
Rock. 

Total  Angler Days 
Number Lakes Fished 

Management U n i t  3-13 

Edna 
Gillis 
Gwen 
H a m n  
b n e  ( l e f t )  
Kane ( r i g h t )  
L i ly  

Shea 
Murray 

Total  Angler Days 
Number Lakes  Fished 

Angler Days 

1 ,000 
2,628 

10,000 
2,500 

2,000 

5,000 
1 ..ooo 
5,000 

40,000 
10,500 

200 
1,000 

30,000 
5,000 

3,000 
1,000 
1,000 
1,000 
1,000 
1,000 

123,828 
20 

1,500 
2,000 
2,500 
5,000 
4,000 
4,000 
5,000 
6,000 
3,000 

33,000 
9 

- Lake 

Management U n i t  3-14 

Fishblue 

Total  Angler Days 
.Number Lakes Fished 

Management U n i t  3-15 

Hannah 
Frances 

Nahatl ach 
Kwoiek 

Ste in  

Total  Angler Days 
Number Lakes Fished 

Management U n i t  3-1 6 

Gates 
Duffey . . 
Seton 

Total  Angler Days 
kmber  Lakes Fished 

Management U n i t  3-17 

A1 kal i 

F.otanie 
Blue Earth 

Crown 
Kwotl enemo 
Langley 
Leighwood 
McLean 
Pasul ko 

I\ngl er Days 

10,000 

10,000 
1 

1,000 
1,000 

300 
1,500 

100 

4,800 
5 

5,000 
500 
500 

6,000 
3 

1,000 
1,200 
1,000 
6,000 

10,000 
1.000 
2,090 

150 
50 
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TABLE 6-1 Cont 'd .  

ESTIMATED NUMBER OF ANGLER DAYS LISTED BY MANAGEMENT UNIT 

SPENT ON LAKES  IN THE STUDY  REGION IN 1976 

- Lake Angler Days - Lake Angler Days 

Management U n i t  3-17 Cont'd. Management U n i t  3-19 

Pavi l l ion 
T u r n i p  
Turquoise 

Total  Angler Days 
Number Lakes Fished 

Management U n i t  3-1 8 

Abbott  
Antler 
Barnes 
B i g  Divide 
Bi 1 l y  
Bose 

Dot 
Chataway 

Earnes 
Gordon 
Gump 
Gyps urn 
Leighton 
Mami t 
O.K. 
Pimainus 
Quiltanton 

Tunkwa 
Roscoe 

Twentyfour Mi 1 e 
Tynes 

Total Angler Days 
Number Lakes Fished 

10,000 
1 00 

6,000 

38,500 
12 

2,000 
1 ,000 

6,000 
1,000 
1,000 
5,000 

1,000 
3;500 

600 
5,000 

1,000 
500 

10,000 
1,000 

1,500 
50 

1,000 
1,000 

30,000 
1 ,000 
1,000 

74,150 
21 

Chewhel s 
Dairy 
Duffy 
Face 

Hull 
Frogmoore 

Jacko 
Lac l e  Jeune 
Mab 
McConnel 

N i  Col a 
Mi 1 dred 

Norman 
Paska 
Pat 

Stake 
Russ Moore 

Surrey 
Sussex 
Wall oper 
Wyse 

Total Angler Days 
Number Lakes Fished 

R ~ Y  

Management U n i t  3-20 

B1 ack 
81 ackwell 
Bleeker 
Ernest 
Frisker 

2.000 
1,500 

7,000 
1,000 
2,000 
1,000 

30,000 
8,000 

1,000 
8,000 

10,000 
2,000 

1,000 
7,000 
5,000 
1,000 
2,000 

4,000 
8,000 

4,000 
8,000 
1,000 

120,500 
22 

3,000 
2,000 

50 
4,000 
4,000 
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a TABLE B-1 Cont'd. 

ESTIMATED NUMBER OF 'ANGLER DAYS  LISTED BY WNAGEMENT UNIT 

SPENT ON LAKES IN THE STUDY  REGION IN 1976 

- Lake Angler Days - Manaoement U n i t  3-20 Cont'd. 

G l  i mpse 

John Frank 
Hosl i 

McGl ashan 
Peter Hope 

P r a t t  
P1 ateau 

Shumway 
Roche 

Stump 
Smith 

Todd 
Trapp 

Total Angler Days 
Number Lakes Fished 

Managment U n i t  3-27 

Andy 
Badger 
Conunun i t y  

Heffley 
Devick 

L i t t l e  Badger 
Knouff 

Li t t le  Heffley 
Paul 
P inan ton  
Spooney 
Sul1  ivan 

Total Angler Days 
Number Lakes Fished 

8,000 
2,000 
4,000 
2,000 
5,000 

2,000 
6,000 

25,000 
50 

1,000 
2,000 
2,000 
4,000 

76,100 
18 

1,000 
5,000 
1,500 
1,000 
5,000 
8,000 

4,000 
1,000 

15,000 
6,000 
3,000 
1,000 

51,500 
12 

- .  Lake Angler Days 

Manaqement U n i t  3-28 

Beaugard 
B1 ack 
Couture 
Disappointment 
Gorman 
Hoover 
Mu1 holl and 
Noble 
Sco t t  

Thuya 
Smith 

Whitewood 
Windy 

1 ,000 
500 

1,000 
1,000 
2,000 

2.000 
1,000 

1,000 
500 

4,000 
2,000 

1,500 
1,000 

Total Angler Days 18,500 
Number Lakes Fished 1 3  

Management U n i t  3-29 

Bare 
Deadman 
E l  bow 

Hiahkwah 
Fatox 

Horsepasture 
Kaml oops 
Last Course 
Moose 
Mowich 
Pass 

Saul 
Red 

Shel ly  
Snchoosh 

6,000 
150 
500 

5,000 
1,000 

500 
1,000 
1,500 

500 
500 

1,000 

1,000 
5,000 

1,000 
500 
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TABLE B-1 Con t ' d .  

ESTIMATED NUMBER OF ANGLER DAYS LISTED BY MANAGEMENT UNIT 

SPENT ON LAKES  IN THE STUDY REGION IN 1976 

I 
Lake 

Management U n i t  3-29 Cont'd. 

Tranqui 11 e 4,000 
Tsinisunko 1,000 

Willow Grouse 
Vidette 

2,000 
1,000 

1 Total  Angler Days 33,150 

- Angler Days 

m 

m 

Number Lakes Fished 19 - Management U n i t  3-30 

1 Bonaparte 
. -  Bel cache 

Bridge 
Caverhi 11 
Crystal 
Dagger 
Dewey 
Oumbel 
Egan 

.Frogpond 
Franki e 

Grant 

Hi h i m  
Harimer 

Hoopatatkwa 
Keith 
Lac des Roche 
Machete 
Martha 
Mayson 
Norma 
Osprey 
Phine t ta  
Pinerock 
Pothole 

- 
2,000 

500 

4,000 

2,000 
1,500 

1,000 
1,000 
1,000 
1,000 
1,000 
1 ,500 
1,500 
5,000 
5,000 
5,000 
1,000 
1,000 
2,000 
1,500 

1,000 
1,000 

1,500 
500 
500 

1,000 

Lake 

Management U n i t  3-30 Corlt'd. - 
Pressy 500 
Renee 1,000 
Si  am 
Six  Mile 

1,000 
500 

Snake 1,000 
St inking 
Sumi  t 

1,000 
1,000 

Twin  1,000 
Wavey 
Willow 

1,000 
1,000 

Young 2,000 

Total .Angler Days 55,000 
Number Lakes Fished 36 

- Angler Days 

Management Un i t  3-31 

Beaverdam 4,000 
Big Bar 4,000 
Meadow . 1,500 
Poison 
Ridge 1 ,000 

250 

Total Angler Days 10,750 
Number Lakes Fished 5 

Management U n i t  3-33 

Carpenter  1,000 

Total Angler Days 
Number Lakes Fi;hed 

1 ,000 
1 
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ESTIMATED NUMBER OF ANGLER DAYS  LISTED BY MANAGEMENT UNIT 

SPENT ON LAKES IN THE STUDY REGION IN 1976 

Lake 

Management U n i t  3-38 
- 

Dunn 

Hal 1 amre 
Genier 

McTaggart (N) 
McTaggart (SI 

Total  Angler Days 
Number Lakes Fished .. 
Management U n i t  3-39 .. .. 

1 

I 

U 

TABLE B-1 Cont'd. 

Cra te r  

Emar 
Deer 

Epdee 
Fourteen Mi 1  e 

Goose 
Friendly 

Grizzley 

Angler Days - Lake 9ngler Days 

Management U n i t  3-39 C o l t ' d .  - 
1,500 
5,000 

' Hardcastle 1,500 
Latremoui  1 l e  

1,000 
2,000 

Lemi eux 450 
1,000 Lo1 0 500 
1,000 Long Island 2,000 

3,000 
9,500 Lost Horse 3,000 

5 Lynn . 
Meadow 

1,000 

Moose 
2,000 
5,000 

Moosehead 3,000 
Rock Island 

150   S i lver  
2,000 

150 
900 

Sock 
5,000 

5,000 
S t a r  

5.000 
1,000 

Surprise  5,000 
450 Tint1 hohtan 3,000 

1,500 
1,500 

Tsotin 1,000 

5,000 Total  Angler Days 60,100 
Number Lakes Fished 26 

Lost 

From: B.C. Ministry o f  Recreation & Conservation. 
Fish & Wildl i fe  Branch 1977a. 
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TABLE 8-2 

FISH STOCKING RECORDS OF LAKES I N  THE REGIONAL STUDY AREA1 

Lake S p e c i e s * ~  Stocked F i r s t  Year  Last  Year  Average  Last No. Years 
Stocked Ten Years’  Stocked 

A l k a l i  Lks. 

Badger 

Beaverdam 
Barnes 

B ig   Bar  
B 1 ack 
Blackwel l  
Bleeker 
B lue   Ear th  
Bob 
Bose 
Botan i e  
Boye r 
Brenda 
Br idge 
Br igade 

Bul 1 
Brown 

C a l l   i n g  
Campbe I 1 
Ca rpen t e  r 
Caverhi 1 1  
Community 
Corbette 
Cougar 
Courtney 
Cra ter  

Crown 
.Crescent 

Crys ta l  
Curry 
Dairy  Lks. 
Dardenal les 
Deadman 
Desmond 
Devi  ck 

Andy 
BT (RT) 
RT 
RT 
RT 
RT, BT 
RT 

. RT, BT 
RT 
RT 
UT 

RT 
RT 

RT 
UT 

RT 
RT 

RT 
RT 
RT 
RT 

KOK, RT 
RT 

RT 
RT (BT) 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
RT (BT) 
RT 
RT 
RT 
RT 

RT .(KOK) 

1956  1974 

1962 I969 
1969 1975 
,1960 
1954 

1975 

1965 
1969 

1962 
I975 

1962 
1962 
1964 

1929 
1941 1975 

1962 
1929 1936 
1.968 
1966 

1969 
1968 

1932  1932 

1950 
191 1 1957 

1971 
1949 1952 

* 1952 
1924 I975 

1975 
1932 1932 
1948 
1946 

1975 
1972 

1939 
I936 

I975 
1974 

I936 
1937 

1975 
1937 

1940 1975 
1960 1960 
1941 
1957 

I975 

1934 
1958 
1954 

870 16 
0 

13,086 
9 

16 
10,495 
9,830 

5 
21 

11,870 17 
1 ,780 6 

2,964 
0 5 

6 
2,000 

0 
13 
4 

3,030 
0 

10 
2 

0 2 
~ 

2,628 22 
9 25 

~ 

0 2 
0 
0 

2 
3 

0 1 
0 

38.936 
5 
4 

0 7 
3,750 8 

10,234 37 

12,180 
0 1 

609 
27 

0 
33 

6 
3,598 36 
8,535 26 

0 1 
3,782 

0 
24 

1 
400 

0 
5 

0 
2 

18 
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TABLE 6-2 Cont'd. 

FISH STOCKING RECORDS OF LAKES I N  THE  REGIONAL  STUDY  AREA' 

Lake Species'  Stocked 
F i r s t  Year Last Year  Average Last No; Years 

Stocked Ten Years3  Stocked 

Dewey 
Dominic 
Dorothy 
00 t 
Douglas 
Duffy 
Dunn 

Edna 
Ed i th  

E l l e n  
E l  bow 

Ernest 
Ema r 

Face 
Fa rr 
Fatox 
Finney 
Fishblue 

Fr iend ly  
Fourteen  Mile 

Fr isken 

Garcia 
Frogmoore  Lks 

Gates 
Genier  Lks. 
Gillis 
G1 impse 
Goose 
Gordon 

G r i f f i n  
Gorman 

Gr izz ley  Lks. 
Gwen 

Ha 1 1 amore 
Gypsum 

H a m  r 

RT 
RT 
RT 
RT 
RT 
RT 
RT 

RT, BT 
RT,  ET 

RT 
RT 

RT 
RT 

RT 

BT 
RT 

RT (ST) 
RT 
RT 
RT 
RT 
RT (CT,BT) 
RT (AT) 
RT 

RT 
RT 

RT 
RT 
RT (BT) 
RT 
RT 
RT 
RT 
RT 

RT 

RT (BT) 

1951 

1961 
I975 

1975 
I937 
1975 
1964 
1965 
1974 
1975 
1949 
1963 
1975 
1961 
1962 
1961 
1961 
1972 
1969 
1970 
1975 
1927 
1970 
1974 
1975 

1975 
1975 

1975 
1975 
1975 
I972 
1968 
1969 
1975 
1953 
1975 

3,360 
0 

2,528 
0 

9,615 
0 

0 
0 

2,848 
3,888 

0 
0 
0 
' 0  
0 
0 

1,452 
0 

0 
0 

3,072 
0 
0 

4,022 
8,068 
5,136 

10,932 
0 

2,688 
0 

0 
0 

1,104 
0 

3,124 
0 

11 
2 

1 1  
1 

20 
1 

5 
2 
8 

12 
1 
2 
2 
1 

2 
1 

12 
1 

3 

9 
7 

1 
20 
10 
32 
14 
27 
26 
25 

7 
12 
4 
5 
5 

17 
1 



TABLE  B-2 Cont'd. 

FISH STOCKING RECORDS OF LAKES IN THE REGIONAL STUDY AREA' 

Lake 
Firs t  Year Last Year  Average Last No. Years 

Species' Stocked Stocked Ten Years'  Stocked 

Hannah 
Hardcastle 
Harmon 
Hatheume 
Heff ley 
Hense 1 1 
H i h i u r n  
Hoopatatkwa 
Horseshoe 
Hos 1 i 
H u l l  
Jacko 
Jacks 
Jackson 
John Frank 
Kamloops 
Kane (Left) 
Kane ( R i g h t )  
Knife Lks. 
Knouf f 
Kul lagh 
Kwotlenem 
Lac Ou Bois 
Lac Le Jeune 
Last Course 
Lat remou i 1 1 e 
Leighton 
Le i ghwood 

L i t t l e  Badger 
L e m i  eux 

Lodge Pole 
Lo1 0 
Long Island 

Lo5 t 
Loon 

Lundbom 
Lynn 
Ha b 

RT 1940 
RT 
RT 

1952 

RT 
1945 

RT 
RT 1947 

RT 
1949 

RT 
1973 
1949 

RT 1968 
RT 1971 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
RT 
RT 

1928 

1939 
1954 
1964 
1931 
1970 
1946 
1945 
1945 
1960 
1930 

1940 
1951 

1937. 

RT 15j7 
RT 1962 
RT 1935 
RT 1939 

RT 1957 
RT 1938 
RT 1936 
RT 
RT 

1960 

RT (BT) 
1956 
1931 

RT 1960 
RT 1961 
RT 1955 
RT 1923 

BT 1962 

1940 
1967 
1975 
1975 
1975 
1949 
1975 
1949 

1975 
1939 
1975 
1972 
1975 
1975 

1975 
1956 

1975 
1960 
1975 
1937 
1954 
1951 
1941 
1963 

1975 
1954 

1957 
1970 

1941 
1957 
1975 
1957 
1958 
1969 
1975 
1975 
1923 

1968 

0 
0 

13,600 
44,660 

7,430 
0 

0 
0 

2,020 

26,374 
0 

4,407. 
1,081 

2,172 
0 

8,010 
0 

22,916 
0 

3,956 
0 

0 

0 
0 

0 
516 
0 

10,680 

24,178 

1 a ,520 

2,160 
0 

0 
0 
0 

5,532 
9.080 

0 

1 
6 
23 
19 
25 

1 
3 
1 

. l  
3 

25 
1 

26 
9 

4 
9 
13 
13 

44 
1 

1 

1 
2 
2 
10 
23 
40 

2 
1 

5 

2 
7 

9 

12 
5 

20 
1 

a 
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TABLE 8-2 Cont’d. 

FISH STOCKING  RECORDS OF LAKES IN THE  REGIONAL STUDY AREA’ 

Lake 
F i r s t  Year Last Year  Average Last No. Years 

Species’  Stocked  Stocked Ten Years’  Stocked 

Mabel 
Machete 
Marquart 
Marsh 

McGiashan 
McConnel 1 

McLeod 
Meadow 

Me1 1 i n  
Meadow 

Mi ldred 
Minnie 
Montana 
Moose 
Morgan 
M o w i  ch 

. Murray 
Napier 
Nesbi tt 

N ico la  
Neveu 

Noble 
Norma 
O.K. 
Paska 
Pass 
Pasulko 
Paul 
Pavi 1 1  ion 
Pee I 
P e f f e r l e  
Pennask 
Penn i e 
Peter Hope 
Phinet ta  

Pinnacle 
Pinantan 

P1 ateau 

RT 1941 
RT 1937 
RT (BT)  1962 

RT 
1960 
1935 

RT CBT) 1941 
BT, CT 
BT 

1911 
,1960 

RT 1930 

RT . 
RT 1963 

1936 
RT ’ 

RT 
. 1932 
1939 

RT 1929 

RT 1952 
1950 

RT 
RT 

1939 

CT 
1923 

RT 
1931 

RT 
1928 

RT 
1941 

RT 
1955 

RT 
1962 
1968 

RT 
RT 

1929 

RT 
1946 

RT (AT, LT , BT) 
1960 
1909 

RT 
RT 

1930 

RT 
1961 

RT 
1929 
1929 

RT 
RT 

1961 

RT 
1932 

RT 
1972 
1908 

RT 
RT 

1962 
1940 

’ RT . 

. RT 

1952 

1970 
I955 

1963 
1975 
1975 
I965 
1960 
1957 
1974 
1936 

1952 
1975 

1968 
1952 
1955 
1975 
1923 
1931 
1951 
1957 
I975 
1962 
1975 
1929 
1975 
1974 
1975 
1975 

1968 
196 1 

1952 
1971 
1975 
1975 

1975 
1075 

1975 

0 
0 
0 

10,303 
0 

5,340 
0 
0 

1,904 
0 

0 
20,632 

0 
0 

0 
0 

0 
0 
0 
0 
0 

1,643 

1,718 
0 

0 
5,687 
396 

59,642 
49,188 

0 
0 
0 

528 
22,864 
2,540 
16,680 

0 
7,516 

10 
5 
4 
4 
37 
9 
2 

3 
1 

7 

20 
1 

6 
3 

3 
4 
18 
1 

14 
1 

8 
20 

l 
6 

18 
1 

64 
3 

49 
1 
7 
16 
6 

29 

58 
5 

1 1  
7 
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TABLE 8-2 Cont'd. 

FISH STOCKING RECORDS OF LAKES IN  THE REGIONAL STUDY AREA' 

Lake'  Species'  Stocked  Stocked  Ten  Years'  Stocked 
F i r s t  Year  Last  Year  Average  Last No. Years 

Poi son 
Po tho le  
Powder 

Pressy 
P r a t t  

Rat 
Red 
Rey 
Roche 
Rock 
Rose 
Ross 
Rouse 

Saul 
Sab is t on  

Sche i dam 
Scu i t to  
Seton 
Sha rpe 
Shea 
Shumway 
S i x  M i l e  
Skinhead 
Smi t h 5  
Sock 
Sophi  a 
Spectacle 
Stake 
S t a r  
S tee r  
S t u a r t  
Stump 
Surrey 
T i n t l h o h t a n  

Tranqui  1 l e  
. Todd 

T w p  

RT 
RT 
RT 

RT 
RT 

BT (RT) 
RT 

RT 
RT 

RT 
RT 
RT 
RT 
RT 
RT 

RT 
RT 

KOK 
RT 
RT 
BT 

RT 
BT, RT . 
RT 
RT 
RT 
RT 
RT 

BT 
RT 

RT (CT) 
RT 
RT 
RT 

BT 
RT (KOK) 

RT (BT) 

1975 

1975 
1941 

1975 
1944 
1963 
1974 
1956 
1975 
I973 
1975 
1969 
I937 
1970 
1969 
1964 
1942 
1951 
1965 
1975 
1970 

1966 
1975 

1969 
1951 
1969 
1959 

1975 
1975 

1975 
1975 
1963 
I969 
1975 
1940 
I975 

I 928 

5,232 
0 
0 

500 
0 
0 

4,747 
0 

35,629 
0 '  

1,692 
0 

0 
0 

0 
0 

0 
0 

3,640 
0 

0 
1 ,330 

0 
0 

0 
0 
0 

10,903 
11,268 

0 
0 

82,078 
0 

2,020 
0 

0 
5,368 

4 
5 

5 
1 

4 
1 

13 
3 
13 
I5 
8 
13 
4 
5 
5 
2 
5 
1 
6 
20 
3 
23 
3 
5 
2 
2 

31 
5 

7 

2 
1 

38 

IO 
2 

9 
7 
3 
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T A B L E  8-2 Cont’d. 

F I S H   S T O C K I N G  RECORDS CF LAKES IN THE  REGIONAL  STUDY  AREA1 

, Lake Stocked 
F i r s t  Year Last Year  Average Last No. Years 

Stocked Ten Years’  Stocked 

Tsot i n  

Turquois 
Tunkwa 

Tyne r 
V ide t te  
Wal loper  
Was 1 ey 
White 
Whi tewood 
Willow Grouse 
Windy 
Young 

RT 
RT 
RT 
RT (KOK) 
RT 

LT 
RT 

RT 
RT 
RT 
RT 

NOT I N  RECORDS 
1939 
1945 
1960 
1952 
1932 
1949 
1909 
1962 
1950 
1967 
1953 

1975 
I975 
1975. 
1975 
I975 
1949 
1909 
1964 
1951 
1975 
1967 

34,187 
1 ,782 

2.528 

10,862 
6,344 

0 
0 
0 
0 
0 
0 

3, a70 
37 
26 
12 
7 
24 

1 
1 

2 
3 

2 
4 

Source: F ish and W i l d l i f e  Branch (1976b,  1977a) 

Footnotes: 

Lakes not  stocked  are  not   l is ted 

* Species: RT = 
BT = 

ST = 
CT = 
AT - 
LT = 

KOK = 

0 = 

brook  t rout  
rainbow  trout 

kokanee 
steelhead 
c u t t h r o a t   t r o u t  
a t l a n t i c  salmon 

occassional  stockings  only 
lake   t rou t  

S tock ing   ra te   i s   i n  numbers o f   f i s h   ( t h e   s i z e   o f   f i s h  i s  measured by number 
o f   f i s h   p e r   I b ) .  For  the  purpose o f   averag ing ,   f i sh  were converted t o  the 
50 f ish/ lb .   s ize.   That  i s  the  s ize  wi th  which  Fish and Wildl i . ’e Branch can 
most comfortably  predict   the  survival   rate  of   stocked  f ish  i .e.  50%. 

‘ Loon Lake r e f e r s   t o  Loon Lake i n  management u n i t  3-12 
Smith Lake r e f e r s   t o  Smi t h  Lake i n  management u n i t  3-20 
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APPENDIX C 

Basic Physiognomy o f  Benthos and Fisheries Sampling S t a t i m  



Sta t ion  1 - Bonaparte River 

Substrate:   10%  boulder,  80% pebble. 10% gravel. 
Banks : Left fac ing  downstream - c l i f f ,  unstable a t . base .  some 

deciduous  brush,  r ight  facing downstream - sand ,>nd 
pebble w i t h  interspersed  deciduous  brush,  stable.  

DepthL 0.3 - 1 . 3  m 
Width:  10.6 m 
Poo1:Riffle:  10%:90% 
Current: Very f a s t ,  white water ( torrential) ,  surface current 1.9 

m/s i n  June and 1.5 m/s i n  August. 
Temperature: 14.0°C a t  1400 hr. on 18  September  1976, and 15.0"C a t  

1500 hr. -on 30 September  1976; 13.7OC a t  0740 hr,, on 14 
June 1977; 22.0"C a t  1245 hr. on 3 August 1977. 

Notes: Current too  swift and  water too  deep for   ac tua l  depth, 
w i d t h  and cur ren t  measurements  along a t r ansec t ;  bio lo -  

gica l  sampling conducted w i t h i n  approximately 1 .!i I;I o f  
shore.  Water level  i n  June about  7.6 cm higher  than i n  
September and i n  August about  2.5 cm lower  than - n  
September. 

Y 

Sta t ion  2 - Bonaparte River 

II Substrate:  5% pebble, 90% grave l ,  5% sand-s i l t .  

Banks: Grass ,   s tab le .  Some deciduous brush. Some under-cutting 

a on river bends. 
- Depth:  0.1 - 0.5 m 

I 
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Width: 
Poo1:Riffle: 
Current: 

9 

Temperature: 

U 

Notes : 
3 

u 

u 

w 

a4 

32.3 m 
5%:95% 
~ 0 . 3  - 1.3 m/s i n  September; surface current 1 . B  m/s 

i n  June and 1 . 5  m/s in August. 

14.5'C a t  1530 hr. on 18  September 1976 and 12.O"C a t  
0930 hr. on 30 September 1976; 13.7"C a t  1030 hr, on 
14  June  1977; 18.5'C a t  0745 hr. on 4 August 197:'. 

Logs had  been moved from mid-stream t o  shore areis by 
the August survey and result.ed  in more r i f f l e s  and 
fewer pool s. 

S t a t i o n  3 - Bonaparte Riv'er 

Substrate: 5% pebble, 90% gravel, 5% sand-sil t .  
Banks : Left facing downstream - sand t o  pebble, grass and shrdbs, 

unstable; right facing downstream - grass ,   s tabl t  with 
some under-cutting. 

Depth: 0.1 - 0.7 m 
Width: 26.0 m 
Poo1:Riffle: 5% : 95% 
Current: 0.06 - 1.1 m/s in September; surface current 1,3 m/s 

i n  June and 1.5 m/s i n ' A u g u s t .  
Temperature: 14.5"C a t  1730 hr. on 17 September 1976 and 12.O"C a t  

1130 hr. on 30 September  1976; 16.4OC a t  1530 hr. on 14  
June 1977; 18.0"C a t  1040 hr. on 3 August 1927. 

Station 4 - Bonaparte  River 

Substrate: 10%  pebble, 80% gravel, 10% sand-silt.  
Banks : Grass and bush ,  unstable on r ight bank facing dormstream. 
Depth: 0.3 - 1.2 m 

c-2 
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Width: 13.4 m 
Pool : Riff 1 e : 10%:90% 
Current: 0.1 - 1.1 m/s i n  September;  surface  current  1.5 m/s 

i n  June and 1.2 m/s in August. 
Temperature:  ll.0"C a t  1000 hr. on 16  September  1976;  14.0°C a t  1400 

hr. on 30  September  1976; 15.4"C a t  1315 hr. on 14  June 
1977;. 17.5'C a t  0915 hr. on 3 August 1977. 

Notes : Water level  i n  June about  5.1 cm higher t h a n  i n  
September and in  August about  the same as  i n  Sepmtember. 

S ta t ion  5 - Hat Creek 

Subs t ra te :  60% pebble, 30% gravel .  10% sand-silt. 
Banks: Left facing downstream - grass,   undercut and unstable;  

r i g h t  facing downstream - grass ,   unstable .  
Dep th :  0.03 - 0.4 m 
Width:  4.6 m 
Poo1:Riffle:  10%:90% * 

Current: 0.09 - 0.4 m/s i n  September;  surface  current C.8 m/s 

Temperature: ~ 12.0"C a t  1800 hr. on 29 September  1976; 17.1"C a t  1730 
in June and 0.3 m/s i n  August. 

h r .  on 14 June 1977; 24.0"C a t  1520 hr. on 3 August 1977 

Notes : Water leve l  i n  J u n e   s i m i l a r   t o   t h a t  i n  September  and i n  
August about  10.2 cm lower t h a n  i n  September. Green 
algae rooted aquat ic   p lan ts  and some silting (par t icu-  
l a r l y  i n  June and August)  observed d u r i n g  each  survey. 

- Sta t ion  6 - Hat Creek 

Substrate:   5%  boulder,  75% pebble, 20% gravel.  
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Banks : Grass and shrubs, s t ab le .  
Depth:  0.03 - 0.3. m 
Wdith: 7.0 m 
Pool :Riffle: 10%: 90% 
Current: <0.03 - 1.1 m/s- i n  September; surface current 0;9 m/4 

i n  June and  0.4 m/s i n '  August. 
, Temperature:  ll.0"C a t  1630 hr. o n 2 9  September  1976; 10.1"C a t  0750 

hr. on 16 June 1977; 20.0"C a t  0900 hr. on 3 August 1977. 

Notes : About 50% of t h e  bottom was covered by algae.  

S t a t i o n  7 - Hat Creek 

Substrate:  
Banks : 
Depth: 
Width: 
Poo1:Riffle: 
Current: 

Temperature: 

Notes: 

75% pebble, 20% gravel ,  5% sand- s i l t .  
Trees and grass, s t a b l e .  
0.03 - 0.8 m. 
6.4 m 
60%:40% 
~ 0 . 0 3  - 0.3 m/s. i n  September;  surface current 0.7 & 
i n  June and 0.4 m/s i.n August. 
12.O"C a t  1730 hr. on 16 September  1976; 12.0"C a t  1230 
hr. on 28 September 1976; 10.2"C a t  0755 hr. on 15 June 
1977;  13.5"C a t  1145 hr. on 5 August 1977. 

Fisheries sampling included  areas  upstream, w i t h i n  and 
downstream o f  t h i s  s i t e  w i t h  a poo1 : r i f f l e   r a t io  of 
about 20%:80%. Water level i n  June similar t o  t h a t  i n  
September and i n  August  about  15.2 cm lower than  i n  
September.  Algae s i m i l a r  t o  t h a t  a t  S ta t ion  6 observed 
i n  June. 
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Sta t ion  8 - Unnamed Creek 

Substrate:  Varied from sand t o  small  pebble, some detritus. 
Banks : Left   facing downstream - sand t o  pebble; right facing 

downstream - grass  and brush; banks stable except   for  
some signs o f  livestock. 

Depth:  5.1 - 15.2 cm 
Width:  0.9 m 
Poo1:Riffle: 0%: 100% 
Current: Sluggish.  
Tempera'ture:  8.9"C a t  0830 hr. on 17  September  1976; 9.8"C at ,  0845 

hr. on 15 June 1977; 14.OoC a t  1245 hr. on 5 Autlust 1977. 

S t a t ion  9 - Finney Creek 

(I 

m 

..# 

u 

I 
. 

Lower Finney  Creek was not  observed. I t  apparently flows undergrcund up- 

stream  of i t s  confluence w i t h  Hat Creek. 

S ta t ion   10  - Hat Creek 

Substrate:  10%  boulder,  80%  pebble, 5% gravel ,  5% sand- s i l t .  
Banks: Grass, shrubs and trees, stable except for small area 

Depth: 0.03 - 0.6 m 
Width: 4.6 m 
Poo1:Riffle: 10%:90% 
Current:  <0.03 - 0.9 m/s i n  September;  surface  current  1.0 m,$ 

where bank i n  s teep.  

i n  June and 0.4 m/s i n  August. 
Temperature: ll.O"C a t  1600 hr. on 28 September  1976;  11.2"C a t  1040 

hr .  on 16  June  1977 

Notes : Fisheries sampling included  areas  upstream, w i t t i i n  and 

Y 



downstream of  this s i te  w i t h  a poo1 : r i f f l e   r a t io  o f  a b o u t  
30%:70%. 

S ta t ion  11 - Medicine Creek 

Subs t ra te :  Sand t o  small pebble, some algae. 
Banks : Grass and brush, s t ab le .  
Depth:  5.1 - 7.6 cm 
Width: 1.5 m 
Poo1:Riffle: 0%: 100% 
Current:  Sluggish t o  rapid,  b u t  w i t h  no pools i n  area  saripled. 
Temperature: . 8.1"C a t  1000 hr. on 17  September  1976; 13.5'C at 1000 

hr. on 16  June  1977; no data  i n  August. 

Notes : Bar r i e r  about 2 m h i g h  located  about  10 m upstream from 
Hedicine  Creek mouth. 

S t a t ion  12 - Ambusten Creek 

Subs t ra te :  Sand t o  large  pebble ,  some d e t r i t u s .  
Banks: Grass and b rush ,  s t a b l e .  
Depth: 2.5 - 12.7 cm 
Width: 0.9 m 
Pool :Riffle: 0%:100% 
Current:  Rapid, b u t  w i t h  no pools i n  area sampled. 
Temperature: 7.7"C a t  1700 hr. on 17  September  1976. 

Notes: Drops from i t s  bed about 0.9' - 1.2 m t o  the conf'l  uence 
w i t h  Hat Creek.  Nater had been d ive r t ed   fo r   i r r i ga t ion  
i n  June and August 1977; Ambusten Creek was dry and not 
saw1  ed.  
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Sta t ion   13  - Anderson Creek 

'ass ;  1 
Substrate:  Sand to   large  pebble .  
Banks : Boulder,  pebble,  sand  and gr 

Depth: 10.2 - 15.2 cm 
Width: 1.5 - 3.0 m 
Poo1:Riffle: 5%:95% 
Current : Rapid 

unstable  and r i g h t  s t ab le .  
e f t  facing dorrnr jtream 

Temperature: 11.3"C a t ' l 2 0 0  hr. on 17  September  1976;.13.ZoC a t  1230 
hr. on 16 June 1977; 11.5"C a t  1530 hr. on 5 Auqust 1977. 

' Notes: Rela t ive ly   s teep   grad ien t  from mouth 30.5 m upst:ream t o  
sampling s i te .  

Station  14 - Hat Creek 

Substrate:  Boulder 5%, pebble  35%,  gravel  25%,  sand-silt 3(1%, o ther  
(logs)  5%. 

Banks : Brush and g ras s ,  some i n s t a b i l i t y  due t o  livestcsck 
a c t i v i t y .  

. Depth: 0.03 - 0.3 m 
Width: 4.3 m 
Pool :Riff le :  25%:75% 
Current: 0.09 - 0.2 m/s i n  September;  surface  current C.5 m/s 

i n  June and  0.3 m/s i n  August. 
Temperature: 9.6"C a t  1500 hr. on 17  September  1976; 11.5'C a t  1400 

h r .  on 15  June  1977; 14.0"C a t  1430 hr. on 5 AuSust 1977. 

Notes: Fisheries  sampling  included  areas  upstream,  wittin and 
downstream of this  s i t e  w i t h  a poo1 : r i f f l e   r a t i c   o f  
approximately 50%:50%. 
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V Sta t ion  14A - Hat Creek 

I 

." 

m .  

Subs t ra te :  Gravel  5%. sand- s i l t  95%. 
Banks : Shrubs and  g ra s s ,   s t ab le .  
Depth: 0.3 - 1.1 m 
Width: 6.1 m 

Pool : Riffle: 95%:  5% 
Current: Not measured i n  September b u t  appeared sluggish; surface 

current 0.3 m/s i n  June and 0.3 m/s i n  August. 
Temperature: 10.O°C a t  1500 hr. on 29 September  1976; 12.0"C a t  1610 

hr. on 15  June  1977;  14.0"C a t  1815 hr. on 4 AuSust 1977. 

Notes: Beaver pond (abandoned) and appeared  representative of  
many observed i n  Upper Hat Creek. Bottom appear,ed m r e  
s i l t y  i n  June  than  September. 

S ta t ion   15  - Hat Creek 

Spbs t ra te :  Gravel  70%, sand-silt 25%, other ( logs)  5%. 
Banks : Trees, brush and grass, s t a b l e .  
Depth: 0.3 - 0.5 m 

Width: 1..8 m 
Poo1:Riffle: 50%:50% 
Current: ~0.03 - 0.1 m/s i n  September; surface  current  0 . 5  m/s. 

i n  June; l i t t l e  or  no flow i n  Augus t ,  not  measwed. 
Temperature: 10.2"C a t  1545 hr. on 17  September,  1976;  10.1"t: a t  1115 

hr. on 15 June 1977;  ll.0"C a t  1745 h r .  on 4 Auqust 1977. 

Notes: During September and A u g u j t  sampling, most flow had been 
d i v e r t e d   f o r   i r r i g a t i o n .  Appeared spring fed i r l  August .  
Algae was abundant  in August. 
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Sta t ion  16 - Goose/Fish Hook Lake 

Substrate  consisted  of  black  muck-like  material .   Shore-line  vegetation 
was profuse t o  a depth of  about  1.5 m. Maximum water  depth  appeared  to 
be about 3.0 m. Surface  area was approximately  f ive  acres.  Water temper- 
a tu re  15.OoC a t  1100 hr. on 16  September  1976. 

Stat ion  17 - Finney Lake 

Substrate   consis ted  of  brown pead-like  material .   Shoreline  vegetation 
was p ro fuse   t o  a depth  of  about 2 .4  m .  tlaximum water  depth  appeared t o  
be about 5.5 m .  Surface  area was approximately 25 acres .  Water  tempera- 
ture 17.0"C a t  1550 hr. on 16  September  1976. 
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TABLE  D-1 

DENSITY ESTIMATES FOR FISH COLLECTED AT HAT CREEK AND BONAPARTE RIVER STATIONS 

DURING ' 28-30 SEPTEMBER 1976, '14-16 JUNE 1977 'AND 3-5 AUGUST 1977 

Stat ion 

Bonaparte 
River 

1 

2 

3 

4 

Lower H a t  5 
Creek 

6 

7 

Month 

September 
June 
August 

June 
September 

August 

September 
June 
August 

June 
September 

August 

September 
June 
August 

September 
June 
August 

June 
September 

August 

No. o f  Fish 
- Collected 

33 
8 
6 

32 
23 
62 

15 
9 

34 

30 
17 
4 

47 
21 
15 

28 
19 

25 

19 

26 
33 

Fish/m 

0.72 
0.17 
0.17 

0.60 

0.89 
0.32 

0.24 
0.56 
0.63 

0.98 

0.15 
0.64 

0.63 
0.28 
0.20 

0.26 
0.38 
0.34 

0.28 
0.49 
0.39 

Fish/m2 

0.06 
0.24 

0.02 

0.20 
0.07 
0.05 

0.08 
0.06 
0.08 

0.32 
0.16 
0.04 

0.08 
0.04 
0.04 

0.04 
0.06 
0.06 

0.05 
0.09 
0.07 

Fishlmin. 

0.73 

. .0.17 
0.20 

0.53 
0.58 
1.68 

0.20 
0.50 
0.76 

0.67 

0.16 
0.42 

1.18 
0.84 
0.60 

0.63 
1.12 
0.96 

0.34 
1.10 
1.08 



TABLE D-1 Cont 'd.  

DENSITY ESTIMATES FOR FISH COLLECTED AT HAT CREEK AND BONAPARTE RIVER STATIONS 

DURING 28-30 SEPTEMBER 1976,  14-16 JUNE 1977 AND 3-5 AUGUST 1977 

S t a t i o n  

Upper  Hat 10 
Creek 

14 

14A 

15 

Month 

September 
June 
August 

June 
September 

August 

September 
June 
August. 

September 
June 
August 

- 
No. o f  F ish 

C o l l e c t e d  

34 
38 

60 . 

63 
32 
33 

31. 
14 
17 

28 
40 
9 

Fish/m 

0.84 
0.75 
1.32 

1.22 
0.62 
0.64 

0.52 
1.16 

0.64 

0.40 

0.13 
0.57 

F i s h / m z  

0.24 

0.38 
0.22 

0.26 
0.13 
0.14 

0.17 
0.08 
0.09 

0.17 
0.25 
0.06 

Fish/min. 

1.03 

1.71 
1.13 

1.58 
1.28 
1.32 

1.40 
1.03 

1.13 

0.80 

0.53 
1.14 



TABLE D-2 

STREAM  LENGTH,  STREAM  SURFACE AREA, AND  LENGTH  OF TIME SHOCKED  AT  HAT  CREEK  AND  BONAPARTE R I V E R  STATIONS 

DURING 28-30 SEPTEMBER 1976,  14-16 JUNE 1977.AHD.3-5 AUGUST 1977 

S t a t i o n  

Bonaparte 1 
R i v e r  

2 

3 

4 

Lower  Hat 5 
Creek 

6 

7 

Month 

September 
June 
August 

June 
September 

August 

September 
June 
August 

September 
June 
August 

September 
June 
August 

September 
June 
August 

September 
June 
August 

Length  (m) 

45.73 
45.73 
35.00 

53.35 

69.60 
72.95 

38.11 
38.11 
53.74 

30.49 
26.68 
26.68 

75.00 
75.00 
75.00 

72.99 
72.99 
72.99 

67.28 
67.28 
67.28 

- Area (m') 

139.41 

280.00 
139.41 

162.64 
31  6.65 

1,150.75 

268.70 
116.17 

422.30 

104.53 
92.94 

104.53 

588.72 
588.72 
366.68 

445.24 

445.24 
445.24 

379.16 
379.16 
379.16 

- Time (min) 

45 
40 
35 

40 
60 

37 

45 

45 
30 

45 
40 
25 

40 

25 
25 

25 
30 

26 

56 

24 
30 



TABLE D-2 Cont 'd .  

STREAM  LENGTH,  STREAM  SURFACE AREA, AND  LENGTH OF TIME SHOCKED  AT  HAT  CREEK  AND  BONAPARTE RIVER STATIONS 

DURING 28-30 SEPTEMBER '1976.  14-16 JUNE 1977 AND 3-5 -AUGUST 1977 

- S t a t i o n  Month Length (m) Area (m') - 
'Upper Hat 10 September 45.35  156.55 

June 
August 45.35 

45.35  156.55 
156.55. 

14 September 51.83 
June 

243.44 
51.83 

August 51.83 
. ' 243.44 

243.44 

Creek 

14A 

15 

September 
June 
August 

June 
September 

August 

26.73 
26.73 
26.73 

70.76 

70.76 
70.76 

181.30 
181.30 
181.30 

160.53 
160.53 
160.53 

- Time (min) 

37 
30 
35 

40 
25 
25 

30 
10 
15 

35 
35 
17 



TABLE D-3 

LENGTH-FREOUENCY DISTRIBUTIONS (%) FOR RAINBOW TROUT  COLLECTED AT HAT CREEK 

AN0 BONAPARTE'RIVER STATIONS, 28-30 SEPTEMBER 1976 

Bonaparte Lower 
River 

upper 

Length  Class 
I n t e r v a l  (mn) 1 2 5  6 7 10 14 14A 15 

Hat  Creek  Hat  Creek 

0 - 20 

21 - 40 

41 - 60 

61 - 80 

81 - 100 

101 - 120 

121 - 140 

141 - 160 
161 - 180 

181 - 200 

201 - 220 

221 - 240 
241 - 260 

Sample S ize  

5 
53 

27 

5 
5 
5 

- 
5 

32 
- 
- 

37 
16 

10 

- - 3 
6 6 10 

8 5  3 

33 23 - 
a 16 14 

25 21 27 
8 1 1 17 

6 11 3 

3 3 
6  2 17 

2 

- 

- - 
- - 3 

5 2 29  19  19 38 62 30 

11 
11 

7 
11 
- 

28 



TABLE  D-4 

LENGTH-FREQUENCY DISTRIBUTIONS ( x )  FOR RAINBOW TROUT COLLECTED AT HAT CREEK 

AND BONAPARTE RIVER  STATIONS,  14-16 JUNE 1977 

Bonaparte Lower 
River Hat Creek 

Upper 

Length  Class 
Interval  (mm) I 2 3 5 6 7 IO 14 14A 

Hat  Creek 

15 

0 - 20 
21 - 40 

41 - 60 IO0 - 100 - - - - 3 23 12 
61 - 80 - - - 31 25 26 6 13 - 2 

5 

- - - - - - - - - - 
- 100 - - - - - - - - 

81 - 100 - - - 31 43 24 9 8 0 
101 - 120 - - 31 7 IO 27 13 23 IO - 
121 - 140 - - 7 10. 24 13 13 

141 - 160 - - - - 4 IO 27 18 8 22 ' 

161 - 180 - - - - 7 3 I3 8 12 
181 - 200 - - - - 3 3 13 - 7. 
201 - 220 - - - - 4 9 3 IO 
221 - 240 - - - - - - - 3 2 
241 - 260 - - - - - - 3 3 

- 30 15 

- 
- 

- - 
- 

- - 

Sample Size 4 I 3 13 28 30 33 32 13 40 



TABLE 0-5 

LENGTH-FREQUENCY DISTRIBUTIONS FOR RAINBOW TROUT COLLECTED AT HAT CREEK 

AND  BONAPARTE RIVER STATIONS, 3-5 AUGUST 1977 

Bonaparte  Lower  Upper 

Length  Calss 
I n t e r v a l  (mm) 1 3 5 6 7 IO 1 4  1 4 A  15 

River  Hat Creek  Hat  Creek 

0 - 20 - - - - - - - - - 
21 - 40 - 12 4 0 - - . -  - 
4 1  - 60 - - - - 8 2 

61 - 80 - - 
81 - 100 - 25 20  26  22  12 6 22 

101 - 120 - - 38 32 19 15 12 - - 

- 
- - - 
- - 4 9 9 28 .78 

- 

121 - 140 - - 13 16 19 18 24 18 - 
1 4 1  - 160 - 50 - - 8 10 15 24 - 
161 - 180 - - - 8 4 9 3 I8 - 
181 - 200 100 50 12 8 4 IO 15 6 - 
201 - 220 - - - 4 8 5 3 - - 
221 - 240 - - - - - - - - 3 
241 - 260 - - - - - - - - 3 

Sample S i z e  2 2 8 25 26 60 33 17 9 
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TABLE D-6 

LENGTH-FREQUENCY DISTRIBUTIONS (XI FOR BRIDGELIP SUCKER 

COLLECTED IN THE BONAPARTE RIVER 

DURING .28-30 SEPTEMBER 1976, 14-16 JUNE 1977 AND 3-5,AUGUST IS77 

Length C1 ass 
Interval  (mm) 

0 - 10 
11 - 20 
21 - 30 
31 - 40 
41 - 50 
51 - 60 
61 - 70 
71 - 80 
81 - 90 
91 - 100 

101 - 1 1 0 -  
111 - 120 
121 - 130 ' . 
131 - 140 
141 - ,150 
151 - 160 
161 - 170 
171 - 180 
181 - 190 

September 

15 
8 

38 
19 
4 

12 

June - 

-45 
11 
22 
- 
- 

11 
11 

August 

Sample Size 26 9 31 
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TABLE D-7 

LENGTH-FREQUENCY DISTRIBUTIONS (%) FOR LONGNOSE DACE 

COLLECTED IN THE BONAPARTE RIVER 

DURING 28-30 SEPTEMBER 1976,  14-16 JUNE 1977 AND 3-5 AUGUST 1977 

Length C1 ass 
Interval  (m) 

0 - 10 
11 - 20 
21 - 30 
31 - 40 
41 - 50 
51 - 60 
61 - 70 
71 - 80 
a1 - 90 
91 - 100 

September 

- 
- 

26 
19 
26 
14 
5 
4 
2 
4 

June - August 

- - 
- 16 

13  50 
40  4 
26 7 

4 10 
9 9 
4 3 
- - 
4  1 

Sampl e size 56 23  70 
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TABLE D-8 

and  Bonaparte  River  stat ions, 28-30.September I: 
I ta1  lengths (mm) a t   v a r i o u s  ages o f  

m I 

r a i n b o w   t r o u t   c o l l e c t e d  a t  Hat  Creek 
176 (T = mean, r = range, n = sample s ize)  

Bonaparte 
River  

Lower  Upper 
H a t  Creek H a t  Creek Age 

(Year Class) S t a t l o n  1 S t a t i o n  5 S t a t i o n  6 . Stat ion 7 S t a t i o n  10 S t a t i o n  14 

O+ 
(1976) r 55-75 

- 
X 66  59 55: 58 

51-66 
10 

81 
50-71 

02 
52-59 57-98 74-93 

9 3 10 6 n 4 

- '1 14 110 - 100-127 
1 1 1  

102-119 
113 

87- 134 98- 124 
5 4 6 0 2 

118-153 
134 

6 

156 
144-169 

2 

203-210 
206 

2 

- 
- 
0 

161 

1 

161-183 
169 

3 

164-224 
195 

3 

- 

.. 210 - 
1 



TABLE D-9 

Observed to ta l   lengths (mm) and ranges a t   va r ious  a2es o f  ra inbow  t rou t   co l lec ted  
a t  Hat  Creek and Bonaparte R i v e r  Stat ions,  14-16 June 1977 (X = mean, r = range, n = sample s lze)  

Bonaparte Lower  Upper 

Age 
River Hat  Creek  Hat  Creek 

(Year  class)  Stat  ion 1 S ta t ion  3 Sta t ion  5 S ta t i on  6 S ta t i on  7 Sta t i on  10 Sta t i on  14 

42 - 
4 1-43 - 

0 

88 
64-1 10 

12 

134 

1 
- 

- - 
0 

82 
71-91 

5 

103-1 36 
117 

3 

138 
121-150 

4 

151 
149-153 

3 

195-208 
201 

3 

229 
201  -255 

3 

- - 
0 

86 
65-101 
8 

117 

1 

1 50 
141-160 

5 

170- 184 
177 

4 

202 
198-21 1 

3 

244 

1 

- 

- 

a- 
Y e 



TABLE 0-10 
OBSERVED  TOTAL  LENGTHS (mn) AND  RANGES  AT VARIOUS AGES OF 
RAINBOW  TROUT  COLLECTED AT HAT  CREEK  AND  BONAPARTE RIVER 
STATIONS, 3-5 AUGUST 1977 (x = MEAN, r = RANGE. n = SAMPLE SIZE) 

Age B o n a p a r t e   R i v e r  Lower Hat   Creek  Upper   Hat   Creek 
( Y e a r  Class) S t a t i o n  1 S t a t i o n  3 S t a t i o n  5 S t a t i o n  6 S t a t i o n  7 S t a t i o n  10 S t a t i o n  14 

o+ 
(1977) 

1+ 
(1976) 

(1975) 
2+ 

(1974) 
3+ 

4+ 
(1973) 

5+ 
(1972) 

6+. 
(1971) 

X 
- 
r 
n 

X 
- 
r 
n 

X 
- 
r 
n 
- 
X 
r 
n 
- 
X 
r 
rb 

j i  

n 
r 

- 
X 
r 
n 

- - 
0 0 

193 

1 '  
- 159-182 

170 

2 

- 
0 0 

- 

- - 
0 0 

36 42 
39-45 

3 
- 
1 

95-1 19 
104 105 

4 10 
91-127 

133 152 - 
1 

125-171 
3 

187 187 - 183-191 
1  2 

- 207 

0 1 
- - 

34 
32-37 

42 - 
2  1 

104 
78-131  80-115 

90 

13 10 

149 
134-160  126-140 

132 

3 4 

~177 156 
162-192  149-163 

2  2 

214 198 
198 
2 

213-216 
2 

- , 208 
- .  
n 

- 
! 

- 
- 

- 
- 

0 0 

- 
0 

79 
73-126 

8 

136 
132-141 

3 

180 
167-188 

4 

197 
189-210 

3 

232 
222-241 

7 
L 

. .  
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Station 

1 

2 

3 

4 

7 

10 

14 

TABLE 0-11 
" 

Means and ranges for condi t ion  factors o f  rainbow t rout  
0-100 m and 100 nun total  length  collected a t  Hat Cre'sk 
and Bonaparte  River s ta t ions dur ing  28-30 September' 

14-16 June 19.77, and 3-5. August 1977 
Sample s i z e ,  5 = Mean, r = Range) 

/" >0-100 nun Tota1' Length '100 m Total Length 

Month n X r - n X r 

Sept. 5 0.96  0.87-1.01 0 - 
June 4 0.70  0.59-0.83 0 - c 

Aug . . o  - - 2 1.05 1.03-1.07 

Sept. 2 0.78  0.74-0.83 0 - 
June 1 0.70 - 0 
Aug. 0 - - 0 - 

- - - - - - 
- 

- 
- - - 

Sept . 0 - - 0 
June 3 1.01 0.75-1.26 0 
Aug . 0 - - 2 1.09 1.04-1.13 

- - - - 

Sept. 0 - 
June 0 - - 

- 
Aug.. 0 - - 
Sept. 29  0.81 0.60-0.97 0 
June 8 0.85 0.73-0.99 5 0.94 
Aug. 3 -  0.68 0.21-0.92 5 0.95 0.81-1.06 

Sept. 17  0.91 ' 0.27-1.14  2  0.70 
June 

0.66-0.73 
19 0.93 0.76-1.16  9  0.96  0.85-1.10 

Aug. 8 0.87  0.77-1.00  17 0.97  0.82-1.07 

- - 
0.86-1.04 

Sept. 7  1.15 1.07-1.40 12 0.81 0.73-0.93 
June 5 1.01 0.85-1.13 ' 15 1.02 0.86-1.45 
Aug . 10 0.82 0.59-1.07 16 0.91 0.80-1.08 

Sept. 18 0.80 0.63-0.90  20  0.83 
June 5 1.09  0.90-1.26  28  1.02 
Aug . 19  0.89  0.27-1.65 4 1  0.90  0.74-1.09 

Sept. 2 1  0.80 0.35-1.16 4 1 .  0.97 
June 8 0.9s 0.84-1.20 24 0.93 
Aug. 7 0.92 0.85-9.95 26 0.89 

0.72-0.95 
0.78-1.24 

0.68-1.22 
0.66-1.16 
0.74-1.05 
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TABLE all 

- Contd. 

c >0-100 IMI Total  Length > 100 m Tota l  I.ength 

S t a t i o n  Month n X r n X - - r 

14A 
Sept. 5 0.88  0.78-1.03 
June 4 

25 
0.83 

0.96  0.85-1.19 
Aug . 0.33-1.08 

6 0.97 

- - - - - - 
9 0.93  0.85-1.03 

m 0.81-1.07 11 0.95  0.86-1.07 

r 
15 

Sept. 9 
June 

0.29 
8 1.23 

Aug . 
0.13-0.59 19 0.84  0.68-0.99 
0.98-1.81 32 

0 
0.94  0.82-1.40 

9 1.08  0,91-1.36 - - 



Waterbody Source AI t a l  i n i  ty  
Tota l  

Hardness 

Cateqory I - A l k a l i n l t y  Range 550 ngI1 

Nahat latch  Rlver 
Seton River  
Ste in   River  
Clearwater  River 
N. Thovson  Rlver 
N. Thompson R l v e r   a t  Kanloops 

Thunlpson River a t  Walhachln 
Thompson River  a t  Savona 

Bra r r l e   R lve r  
Thompson R lver   a t  Spences Bridge 

Tranqui l le   River  a t  21 mile 
Seywur  Rlver 
Eagle  River 

Pennask Lake 
Adam River  

L l t t l e  Shuswap Lake 
South Thonpson River 
Scotch Creek 
Shuswap Lake 

Adam Lake 
Mara Lake 

Ounn Lake 

2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 

1 
1 

1 

1 
I 

1 
1 
1 
1 

17.0 
35.8 
30.2 

36.4 
35.2 

34.8 
36.9 

34 .O 

48.0 
38.2 

40.4 

19.0 
12.1 

22.5 

7.2)' 

1.6 
3.1 

8 .9  
9.1 

4.4 
3.7 
5.6 

6.6 
0.7 

40.7 
37.1 (11.7)  

42.7 I ; . I )  
1 

F i l t r a b l e  
Residue Sulfates  Conductlvi ty PH 

Speci f ic  

29.0 27.0 

45.0 i 15.7 
50.2 ( 4.9 

58.2 6.9 

52.7 ( - ) 

61.0 {l9.0{ 
55.5  12.7) 

61.7 - 

11.3 
5.0 

6.9 
5.7 
1.6 

7 .1  
7.5 

0 . 9  
6.0 

5 .1  

i.51 91.2 
43.1 

2.5 71.0 

. 80.8 
40.3 

55.0 
50.6 

' I  
I 
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TMLE 0-12 Cont'd: Water Qual i ty Charac ter is t i cs   o f   lakes  and  Streams i n   t h e  Study  Region l i s t e d  Acco rd ing   t o   A l ka l i n i t y   C r i t e r l a '  

Waterbody 
Tota l  

Source A l k a l i n i t v  Hardness  Residue Sul fates  Conduct iv i tv OH 
F i l t r a b l e   S p e c i f i c  

Category I 1  - A l k a l i n i t y  Range ,50 - 5100 mg/l 

Cul tu r   lake  

Or ich Lake 
Nicola  River  near Spencer Bridge 

Hnrth R a r r i e r e  I rkm . . . . -. . - -. . . - . - - - . . - 
0r idge  River  
Yalakon  River 
F r a s e r   R i v e r   a t   l i l l o o e t  

Nico la  River  below  Douglas  Lake 
Fraser   R iver   a t   Ly t ton  

Nico la  River  a t  o u t l e t  o f  North Lake 
Jamieson Creek 
Criss Creek 

Nico la  River  below  Coldwater 
Coldwater  River a t  Merritt 

Nico la Lake a t  east end 
Nico la Lake oppc-ite Nicola  River  
Nlco la Lake a t  deepest Point 
Nlcola Lake a t  o u t l e t  

1 49.0 
1 92.6  (26.2) 

1 
i 
2 

90.0 22 9 

2 
06.5 120:Ol 
63.5 (13.4) 

2 
. 2  

93.0 (55.0 

2 
2 
2 . 07.9 I 4:Oi 

07.2  2 0 

2 00.1 2.5) 
2 00.1 0.7)  

- 
85.9 (26.7) 12G.8 (35.1)  15.6 

06.0 

103.6 
92.7 

64.4 
88.0 
90.9 

105.8 
02.6 
62.0 
96.3 
94.1 
94.0 
95.0 
94.6 

60.0 

I 143.3 I 144.7 

- 

21.2 
15.6 
9.2 
9.7 

35.3 

22.7 
19.7 

0.5 

20.0 
21.4 
21.1 

165 
5.8)  204.4 ( 64.7)  8.2  (0.4) 

7.5 

201.1 
197.0 
154.4 
153.4 
206.1 
222.4 
210 
196.9 
140.4 
213 
212.3 
223.7 
213.7 
222.2 

75.7) 
69.2 
38.9 
40.2 
74.3 
26.0 
83.4 

44.4 
44.5 

25.9 
6.6 

10.6 
8.0 

99.8) 

8 . 0  
0.0 
7.9 
8.0 
8.0 

8.0 
0.1 

7.8 
7.9 

8 .0  
7.9 
7.8 
7.7 
0.1 

0.3) 

0.2 
0.3 
0.3 
0.3 
0.3 
0.3 
0.3 
0.2 

0.2) 

0.4 
(0.1 



"-Î"- TADLE 0-12 Cont'd:  Water Qua l i t y   Charac te r l s t l cs   o f  Lakes and Streams i n   t h e  Study Reglon L i s t e d   A c c o r d i n g   t o   A l k a l i n i t y   C r i t e r l a '  

Waterbody Source A l k a l i n i t y  llardness  Residue SUI fa tes   Conduct iv i t y  
Total F i l t r a b l e  Specl f lc  

pH 

~ . .  C a t e o o r f l  - A l k a l l n l t y  Range ,100 ngll 

Donaparte  River above Hat Creek 

l la t  Creek 
Oonaparte Rlver below Hat Creek 

C l i n ton  Creek 
Cl inton  Lake 

Loon  Lake a t   i n l e t  
Loon  Lake a t  White Moose 
Loon Creek 

P a v l l i o n  Lake 
Cache Creek 

Dea6mn River   near  mouth 
Lkadnlan R ive r  above Cr i ss  Creek 

Pukais t  Creek  near  mouth 
Red Lake 

Witches  Brook 
Tunhwa Lake 
Guichon  Creek  near m u t h  
Guichon  Creek  below Logan Lake 
Guichon  Creek  above Logan Lake 
Gulchon  Creek a t  Tunkwa Oiv. 

Jacko Lake 
h f f y  Lake 

Peterson  Creek 
Lac l e  June 
Stunlp Lake 
T r a n q u i l l e   R i v e r   a t  mouth 

2 
2 
1 
1 
2 
2 
2 
2 
2 

2 
2 

134.6 (57.9) 
149.1  (44.2) 

1 
2 
2 172.3  (65.2) 
1 
2 
2 

188.1  (30.8 

2 
161.0 (33.1 

2 
2 

430.5 

2 31 7 

2 
1 130 - 135.3 

103.8  i47.4) 

101.0 ( - 
2 110.8 (12.2 

- 
2 102.4  (25.6) 

128.5  25 5 183 0 33 0 
194.3  145:51 271:5 152171 

336.7  42.7) 

338.6  30.7)  398.2 (39.8 
340.5 135.7 

210.0 1 1 I 334.0 I I 1, 212.0 320.0 
345.0 ( - 500.0 ( - 
192.6  (64.3) 293.7  (70.21 

- 
" 

30.6 
5.9 

40.6 
5.0 
5.0 
5.4 
39.6 

54.1) 176.6 (59.1 
40.5)  192.3  (48.21 

15.2) 

8.6 - - 
9.9 

268.0 
439.8 
521.0 
539.4 
599.5 
530.0 
532.0 

421.4 
735 

7.1 ( 3.3) 

61.6 

85.4 
93.1 

84: 5 
110.2 - 

131.9 

281.4 118.3 
308.6 I 95.7 

62.3 
50.01 
9.9 

8.5 

11.9 - 
205.5 ( 56.4) 

8.3  (0.3) 
8.1 (0.3) 

7.7-8.1 

8 . 3  io .6)  
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lADLE 0-12  Cont'd: Water Quo l l t y   Charac ter is t i c$   o f  Lakes and Streams i n  the Study  Reglon L is ted   Accord ing   to   A lka l in i ty   Cr i te r ia '  

daterbody Source A l k a l i n l t v  Hardness Residue Sulfates  Conductivi tv DH 
Total ' F i l t r a b l e   S p e c i f i c  

- 
lranqu l l l e   R ive r  a t  nouth 
I ranqu l l l e   R ive r  a t  9 mile 
Paul Creek above Paul Lake 
Paul  Lake east end 
Paul Lake west end 
Paul Creek a t  o u t l e t  Paul  Lake 
Nlcola  River a t  Nicola  Late 
Nlcols  River above Coldwater 
Nlcola  Rlver above Coldwater 
Green Lake  near kit. .Jack 
Green L a k  opposite Nolan  Creek 
Ilatctl  Lake 
l a y l u r  Lake 
Edeund Lake 
l x e t e r  Lake 

103 M i l e  Lake 
I O 8  Mile Lake 

Chrls Lake 
Drewy Lake 
Itathaway Lake 
Deka Lake 
Longban Lake 
Sulphurous Lake 
Fawn Lake 
Stwrldan Lake 
Dulfalo Lake 
Horse Lake 
tlelena  Lake 
Sucken Lake 

101 (22.0) 

873.0 (14.0) 
067.0 ( a.0) 

352.0 

- - 



- TADLE 0-12 Cont'd: Water Quall ty  Characterlst lcs o f  Lakes and  Streams i n  the  Study Region l i s t e d  According t o   A l k a l l n l t y   C r l t e r l a '  

Naterbody Source A l k a l i n i t y  
To ta l   F i l t rab le  

Hardness Residue Sulfates  Conductivity PH 
Specif ic 

Soda Lake 
Lac Ia Hache 
Bridae Creek 
Orldge Creek a t   o u t l e t  Horse Lake 
Lac des  Roches 

2 151.7 (16.4) 136.0 ( 6.9)  179.0 (14.6) 50.0 ( - ) 313.6 

Flsbtrap Creek 
1 153.0 
2 

Dencrs Creek 
101.4 19.6 108.7 (20.6 140.0 23.2) 11.6 2.6 218.2 

2 
Lemieux Creek 2 112.0 7.8 118.2 8.9 142.0 12.7 3.0  1.0 234.3 

143.5 j 6.11 165.8 ilO.l/ 196.1 I 9.01 18.8 1 - 305.8 

( 90.6) 8.0 (0.5) . .  

j ~1 ' 8.0 7.9 0.3 
27.6 8.0 (0.2 

' fo l l ow lng   c r i t e r i a   au t l i ned  by Uewcolrb (1971) 
f I Standard devlat lon 

Sources: 

1. Newcambe.  C.P. 1971.  Water Qua l l t y  Near  the Proposed R a t  Creek Thermal Generatlng  Station:  Potential  Stream and lakes  Affected by 
Acld  Preclpltat ion.  Fisherles Management Report No. . June 1911. 

2 .  Departnrnt of  Envirmment. Water Resource Service. Min ls t ry  of  the  Environment. Data  o f  Selected  Stream  for  Perlod o f  Record 1 
January 1965 t o  15 August 1977. Natcrbody t l t l e   r e f e r s   t o   s i t e   d e s c r i p t i o n  as given in   Cowuter   pr in touts ,  
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APPENDIX E 

First  Order and Detailed  Identification 
of  Benthic  Invertebrates 
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TABLE 1: Benthic  Macroinvertebrates - F i r s t  Order   Ident i f i ca t ion  
September 1976 

STATION: 1 - Bonaparte  River  (Surber Sampler) 

SAMPLE NUMBER 

1  2 3* 4 5* 6 
Av. / 

Samp 1 e 

GROUP 3 ORGANISMS 

Ephemeroptera 16 24 12 1 15 a 
Tr ichoptera 

12.7 

Plecoptera 3 3 6 4 1 2.8 
Coleoptera - 1  2 1 0.7 
Odonata 1 0.2 

a 3 13 1 2 4.5 

GROUP 2 'ORGANISMS 

Diptera 

Other  Diptera 
Chi ronomidae 32 16 14 

2 2 3 3 3.5 
51 27.2 

GROUP 1' ORGAN I SMS 

Oligochaeta 1 0.2 

TOTAL NO. OF ORGANISHS 52 50 22  52 65 52 
TOTAL NO. OF TAXA 5 6  6 5 6 5 69 6 

Laboratory Sample Residue: sand, gravel ,  wood p ieces,   f ine  p lant   debr is ,  
a 1 gae 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  

a 



.I 

TABLE 2: Benthic  Macroinvertebrates - F i , r s t .Orde r   I den t i f i ca t i on  
September 1976 . 

I STATION: 2 - Bonaparte  River  (Surber Sampler) 

I 

SAMPLE NUMBER 

I *  2* 3* 4* 5* 6* Sample 
Av./ 

1 
GROUP 3 ORGAN ISMS 

Ephemeroptera ' ,  1 3 8 5 .6 
Tr ichoptera 2 1 

13 
1 

6.0 

Piecoptera 
0.7 

Coleoptera 1 
2 1.2 

Odonata 1 
0.2 
0.2 

L 1 1 i 1 1 

I 

GROUP 2 ORGANISMS 

* .~ Diptera 
Chironomidae 1 2 1 

Other  Diptera 
1 

1 4 3 2 
0.8 
1.7 

I 

, GROUP 1 ORGANISMS 

1 

a 

r 

u 

I 

- ,, 

01 igochaeta 1 0.2 

TOTAL NO. OF ORGANISMS 6 8 
TOTAL NO. OF TAXA 6 4 l 5  2 

6 
5 

1 1  
4 

19 1 1  
5 4 

- 
Laboratory Sample Residue: sand, gravel ,  wood pieces,  plant  matte: 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 3: Benthic  Macroinvertebrates : F i r s t  Order   Ident i f i ca t ion  
September 1976 

STATION: 3 - Bonaparte  River  (Surber Sampler) 

SAMPLE NUMBER 

1  2 3* 4 5 6* 
Av. / 

Samp 1 e 

GROUP 3 ORGAN ISMS 

Ephemeroptera 13 
Tr i   choptera 10 
Plecoptera 
Coleoptera 

GROUP 2 ORGANISMS 

Diptera 
Chi ronomi dae 2 

Other  Diptera 11 
Pelecypoda 1 
Nematoda 1 

GROUP 1 ORGANISMS 

Oligochaeta 

TOTAL NO. OF ORGANISMS 38 
TOTAL NO. OF TAXA 6 

1 1  21 
2 14 

2 9 9 10.8 
4 

1 
1 

6 
15 

1 
7.7 

2 I .7 
1 2 0.5 

3 3 1 4 
IO 14 4 1 1  8.7 

6 ' 3.2 
2 

0.2 
0.2 

2 0.3 

28 58 
6 

9 
5 

I9 
4 

47 
5 

33 
7 6 

Laboratory Sample Residue: sand, wood pieces,  bark,  plant  matter 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



TABLE 4: 

STAT I ON : 

Benthic  Macroinvertebrates - F i r s t   . O r d e r   I d e n t i f i c a t i o n  
September 1976 

4 - Bonaparte  River  (Surber  Sampler) 

SAMPLE NUMBER 

I *  2* 3* 4* 5* 6* Samp 1 e 
Av. / 

GROUP 3 ORGAN1 SMS 

Ephemeroptera 
Odonata 

3 4 2 1 2 2.0 
1 0.2 

GROUP 2 ORGANISMS 

Other  Diptera 1 I 0 .3  

TOTAL NO. OF  ORGANISMS 3 1 4 2 1 4 
TOTAL NO. OF TAXA 1 1 1 1 1 3 1 

2.5 

Laboratory Sample Residue:  sand,  gravel, wood debr is ,   p lant   debr is  

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



-. 
TABLE 5 :  Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  

September 1976 

m 
STATION: 5 - Hat  Creek  (Surber  Sampler) 

SAMPLE NUMBER 

1* 2* 3 4 5 6 Sarnp 1 e 
Av. / 

GROUP 3 ORGANISMS 

1 

m 

I 

Ephemeroptera 
T r i c h o p t e r a  
Plecoptera 
Col eoD t e   r a  

GROUP 2 ORGAN1 SMS 

D i p t e r a  

Other   D ip te ra  
Chi ronomi  dae 

GROUP 1 ORGANISMS 

01 igochaeta . 

14 6 
4 26 a 

11 
2 

17 
14 

11.2 
9.2 

20 7 13 W 21  22 
4 

16.6 
3 1.4 

a 

> 
0 

z 
+ 
v) 

W 

2 
3 27 5 

b 4 9 8.4 
19 5 15 9.4 

W 

-I 

% 

r 
3 a 3 1.2 

v) 

TOTAL NO. OF ORGANISMS 39 
TOTAL NO. OF TAXA 

70 
4 

52 
7 4 

43 
5 

57 
7 5 

a3 

Labora to ry  Sample  Residue:  sand,  algae, p l a n t   m a t t e r  

Sample s e l e c t e d  f o r  d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 6 :  Benthic  Macroinvertebrates - F i r s t  Order   iden t i f i ca t ion  
September 1976 

STATION: 6 - Hat Creek (Surber Sampler) 

SAMPLE NUMBER 

1 2* 3 4 5* 6 
Av. / 

Samp 1 e 

GROUP 3 ORGANISMS 

Ephemeroptera . . a 16 9 1 1  16 
Tr ichoptera 
Plecoptera 2 5 2 .  6 2 
Coleoptera 1 1 

12 23 7 l 3  5 
l 3  2 

a 

GROUP 2 ORGANISMS 

Diptera 

Other  Diptera 9 9 2 15  26 1 1  
Nematoda 2 

Chi ronomi dae 1 2 3 1 

TOTAL NO. OF ORGAN1 SMS 32  56 20 4a 51 36 
TOTAL NO. OF TAXA 5 6 4 5 6 5 

12.2 

3 .2  
0 . 3  

11.3 

12.0 
1 . 2  

0 . 3  

41 
5 

Laboratory Sample Residue:  sand, p lan t   debr is ,  wood pieces 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  

i 
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TABLE 7: 

STAT I ON : 

Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   i d e n t i f i c a t i o n  
September 1976 

7 - Hat  Creek  (Surber  Sampler) 

SAMPLE NUMBER 

1 2* 3 4 5 6* 
AV. / 

Samp 1 e 

GROUP 3 ORGANISMS 

T r i c h o p t e r a  
Ephemeroptera 

Plecoptera 
t o  1 eop t e   r a  

GROUP 2 ORGANISMS 

D i p t e r a  

Other   D ip te ra  
Hydracar ina 
Nematoda 

Chi  ronomi dae 

9 4 7 1 1  74 19 20.7 - 
IO I 7  40 27  5 s  

I 5 2 22 5.5 
25.3 

1 0.2 

1 2 5 3 6 '  6 3 . 8  
1 1 1 4 2 1.5 

1 0.2 
I 0.2 

TOTAL NO. OF ORGANISMS 
TOTAL NO. OF TAXA 

1 1  19 36 56 134 
3 6 

88 
6 4 6 5 5 

57 

Labora to ry  Sample  Residue:  algae,  sand,  gravel, wood p ieces 

* Sample s e l e c t e d  for  d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 8: Benthic  Macroinvertebrates - F i r s t  O r d e r   l d e n t i f i c a t i o n  
September 1976 

STATION: 8 - H a t  Creek Tr ibutary  (Surber Sampler) 

SAMPLE NUMBER 

I *  2 3 4 5 *  6* Sample 
' Av./ 

GROUP 3 ORGANISMS 

Tr ichoptera 
Ephemeroptera 

Plecoptera 
Coleoptera 

GROUP 2 ORGAN1 SMS 

Diptera 

Other  Diptera 
Tu rbe l l a r i a  

Chironomidae 

GROUP 1 ORGANISMS 

Oligochaeta 

TOTAL NO. OF ORGANISMS 
TOTAL NO. OF TAXA 

9 2 3 9 6 
7 

9 
2 

6 . 3  
6 19 18 13.2 

12 7 . 2  
0 . 2  

5 1 27 12 13 
1 

1 
1 

1 2 
1 0 . 3  

0 . 7  
2 2 0 . 7  

4 i 0.8 

22 5 
4 

9 
3 

53 
2 

46 
6 

41 
7 

29 
5 5 

~~~~~~ ~~~~ 

Laboratory Sample Residue: f i ne   p lan t   deb r i s ,   p lan t   deb r i s ,  sand, wood 
p i  eces 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 9: Benthic  Macroinvertebrates - First  Order  Identification 
September 1976 

STATION: 10 - Hat Creek  (SurberOSampler) 

SAMPLE  NUMBER 
I *  2 3 4 5* 6 Samp 1 e 

Av.1 

GROUP 3 ORGANISMS 22 24 24 16 ' 20.3 
Trichoptera 6 11.3 
Plecoptera 2 a 5 9 3 4.8 
Coleoptera . 1  1 4 2 1.3 

a 7 
l 3  2 

GROUP 2 ORGANISMS 

Diptera 
Chi  ronorni dae 2 2 6 6 13. 4.8 

Other  Diptera 2 1 4 3 3 3 2.7 
Nematoda 1 0 .2  
Turbellaria 1 1 0.3 
Hydracarina 1 0.2 

GROUP 1 ORGANISMS 

Oligochaeta 1 1 5 1.2 

TOTAL NO. OF ORGANISMS . 42 37 34 62 60 48 47 
TOTAL NO. OF TAXA 6 5 6 7 9 7 7 

Laboratory  Sample Residue:  sand; algae,  gravel, plant debris, wood pieces 

. *  Sample  selected  for  detailed  identification 



TABLE 10: Benthic  Macroinvertebrates - F i r s t  Order   Ident i f i ca t ion  
September '1976 

rn STATION: 1 1  - Medicine Creek (Surber Sampler) 

I 
SAMPLE NUMBER 

I *  2 3 4 5 6 Samp 1 e 
Av. 1 

I GROUP 3 ORGANISMS 

Ephemeroptera 37 69 42 49 ' 47 31 45.8 
Tr ichoptera 34 7 1 1 5 1 1  9.8 
Plecoptera 19 4 18 1 1  9 14.3 
Coleoptera 19 6 3 1 * 6.0 

a 

m 
GROUP 2 ORGANISMS 

Diptera 

Other  Diptera 
T u r b e l l a r i a  1 10 3 
Nematoda a 1 1 0.3 

1. Chi  ronomi dae 12 1 1  1 2 3 3 
8 

5.3 
3 5. 3 3 5 4.5 

2.3 

m GROUP 1 ORGANISMS 

Oligochaeta 7 4 3 5 3.2 

I 

TOTAL NO. OF ORGANISMS 110 121 81 94 78 66 
TOTAL NO. OF TAXA 5 a 7 8 8 8 

92 
7 

I 

Laboratory Sample Residue: sand, a lgae,   gravel ,   f ine  p lant   debr is  

I 

* Sample S e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 1 1 :  

STAT I ON : 

Benthic  Macroinvertebrates - F i r s t  Order I d e n t i f i c a t i o n  
September 1976 

12 - Ambusten Creek (Surber Sampler) 

SAMPLE NUMBER 

1 2* 3 4* 5* 6* Sample 
Av. / 

GROUP 3 ORGANISMS 

Ephemroptera 
Tr ichoptera 
Plecoptera 

GROUP 2 ORGANISMS 

Diptera 

Tu rbe l   l a r i a  
.Other  Diptera 

Chironomidae 

4 IO 2 6 7 6 5.8 
1 

1 4 2 6 
1 0.3 

2.2 

1 
1 

4 5 
3 

0.2 
0.7 

3 3.0 6 

GROUP 1 ORGANISMS 

Oligochaeta 6 2 1 IO 26 14 9.8 

TOTAL NO. OF ORGANISMS 16 4 24 
TOTAL NO. OF TAXA 6 4 

42 23 
4 

22 
3 .  4 5 23 3 

Laboratory Sample Residue: sand, g r a v e l ,   f i n e  wood pieces,  p lant   debr is,  
stones 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



a 
TABLE 12: Benthic  Macroinvertebrates - F i r s t  Order I d e n t i f i c a t i o n  

September 1976 

m 
STATION: 13 - Anderson Creek (Surber Sampler) 

L 

SAMPLE NUMBER 

1 2 3* 4 5 6 Samp I e 
Av. / 

I 

I 

,- 

I ,- 

e 

I 

L 

GROUP 3 ORGANISMS 

Ephemeroptera 
Tr ichoptera 
Plecoptera 

GROUP 2 ORGANISMS 

Tu rbe l   l a r i a  
Other  Diptera 

Hyd r a t a  r i na 

13 9 33 23 
3 1 

26 17.3 
4 

5 1 2 9 2 
1.3 
3-2 

1 2 
1 

91 
5 

2 
2 

1 
1 

16.0 

0.2 
1.5 

GROUP 1 ORGANISMS 

Oligochaeta 1 1 2 0.7 

TOTAL NO. OF ORGAN ISMS 19 14 135 
TOTAL NO. OF TAXA 3 

0 
5 6 6 5 4 

35 
0 

40 .3a 

Laboratory Sample Residue: sand, f ine   p lan t   debr is ,  wood pieces, ,;tones 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  

a 



I 

m 

I 

I 

I 

1 
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TABLE 13: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
September 1976 

STAT I ON : 14  - Hat  Creek  (Surber  Sampier) 

SAMPLE NUMBER 

I *  2 3* 4 5 6 
AV. 1 

Samp 1 e 

GROUP j ORGANISMS 

Ephemeroptera 39 6 36 26 26 . 24 25.2  
T r i c h o p t e r a  1 1 1 1 0.7 
P lecop te ra  1 1 2 2 
Co leoptera  1 4 

I .o 
0.8 

GROUP 2 ORGANISMS 

D i p t e r a  

Other D i p t e r a  

T u r b e l   l a r i a  
Nematoda 

Chi ronomi dae 5 
1 1 
2 

2 5 3 2 2 . 8  

1 1 

2 0.7 

1 
0.3 
0.5 

GROUP 1 ORGANISMS 

01 igochaeta  12 1 2 2.5 

TOTAL NO. OF ORGAN1 SHS 61 9 40 35 35 
7 

33 
4 

36 
TOTAL NO. OF TAXA 4 5 5 6 5 I 

- 
Labora to ry  Sample Residue:   gravel ,  wood d e b r i s ,   a l g a e ,   p l a n t   d e b r i s  

u * Sample s e l e c t e d  for  d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 14: 

STAT I ON : 

Benthic.Macroinvertebrates - First  Order  Identification 
September 1976 

15 - Hat Creek  (Surber  Zpmpler) 

SAMPLE  NUMBER 
1 2 3* 4 5* 6 

Av./ 
Samp 1 e 

GROUP 3 ORGANISMS 

Ephemeroptera 30 53 50 104 33 68 ' 56.3 
Trichoptera 2 1 5.0 
Plecoptera 6 4 8 7 4 4.8 
Co 1 eop  te ra 1 0.2 

GROUP 2 ORGANISMS 

Diptera 

Other  Diptera 1 5 2 2 1 1.8  
0 . 7  

Turbellaria 5 1 1  5 .  7 3 5.2 
Nematoda 1 0.2 

Chi ronomi dae 1 I 2 

GROUP I ORGANISMS 

Oligochaeta 2 - 2  1 2 1 1 . 3  

TOTAL NO. OF ORGAN ISMS 38 78 63 125 45 77 76 
4 TOTAL NO. OF TAXA 6 6 6 4 7 6 

Laboratory  Sample Residue: gravel,  sand,  fine plant debris, plant  (debris, 
stones 

* Sample  selected for detailed  identification 



-. 

TABLE 15: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
September 1976 

STATION: 16 - Goose Lake  (Ponar  Dredge) 

SAMPLE NUMBER 

1 2* 3 4 5 6 Samp 1 e 
AV. I 

GROUP 3 ORGANISMS 

Ephemeroptera 
Odonata 

1 
19 

0.2 
3.2  

GROUP 2 ORGANISMS 

Hemiptera 2 
D i p t e r a  

Chi ronomi dae 4 . 6  3 4 ' 9  34 10.0 
Other   D ip te ra  9 5 2 14 7 

14 101 Amph i poda 
6.2 

36 13 241 .  78 80.5 

0 . 3  

TOTAL NO. OF ORGANi SMS 27 112 41 
TOTAL NO. OF TAXA 

31 272 1 1 9  100 
3 3 3 3 4 3 3 

Laboratory  Sample   Res idue:   g rave l ,   f ine   p lan t   debr is ,   p lan t   debr is ,  mud 
b a l  Is 

* Sample selected for detailed identification 

Cladocera  and Copepoda abundant 
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TABLE 16: Benthic  Macroinvertebrates - F i r s t  O r d e r   i d e n t i f i c a t i o n  
September 1976 

STATION: 17 - Finney Lake  (Ponar  Dredge) 

SAMPLE NUMBER 

l* 2* 3 4 5 6" 
Av./ 

Samp 1 e 

GROUP 3 ORGANISMS 

Odonata 1 1 3 1 1 .o 

GROUP 2 ORGANISMS 

Diptera 
Chi ronomi dae 9 10 33 23 34 28 

Other  Diptera 1 9 1 6 
Pelecypoda 

5 
1 2 1 

Gastropoda i 2 1 5 
Coe.lenterata 2 
C 1 adoce ra 36 sa 16 72 . 18 8 
Copepoda 4 1 2 1 
Hirudinea 1 4 3 2 5 
Arnph i poda 4 5 6 2 6 
Nematoda 1 1 

22.8 
3.7 
0.7 

0.3 
1.5 

34.7 

2.5 
1.3 

0.3 
3.8 

GROUP 1 ORGANISMS 

Oligochaeta 1 10 6 14 16 7.8 

TOTAL  NU. OF ORGANISMS 60 96 62 121 80 64 81 
TOTAL NO. OF TAXA 10 9 8 ' 10 7 6 a 

II 

Laboratory Sample Residue: f i ne   p lan t   deb r i s  

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



TABLE 17: Benthic  Macro-Invertebrates - Detailed  Identifications,  September I976 

TAXA 
L I F E  

STAGE" 1 2 3 4 5 6 7 8 
STATlON NO. 

CROUP 3 ORGANISMS 

EPHEMEROPTEM 
F .  Heptageniidae 
Rhithrogena sp. 
Cinygmula sp. 

Heptageniidae sp. Indet. 
F .  Bae t i dae 
Buetis sp. 
EphemereZZa sp. 1 
Ephemerella sp. 2 
Puraleptophlebia sp .  
Amletus sp. 

12 

13 
2 

12 7 10 3 1 7 

1 1 

19 17.  1 9 4 
5 5 1 7 23 10 

3 

1 

1 
2 

7 
2 

3 

2 
\ 

. 10 

TRICHOPTEM 
F. Hydropsychidae 
Hydropsyche sp. L 10 1 15 3 24 60 
DipZectrona sp. L 1 

Agapetus sp. L 2 2 12 4 
L 

3 
Rhyacophila sp. 3 2 

Bruchycentrus s p .  L 3 3 

F .  Rhyacophilidae 

F.' Brachycentridae 

F. Limnephilidae 
Limnephilidae  sp.  Indet. L I 

Trlchoptera sp. indet. L 1 

I 

20 
21 

3 



TABLE 17: Benthic  Macro-invertebrates - D e t a i l e d   i d e n t i f i c a t i o n s ,  September 1976 

TAXA 
LIFE STATION NO. 

STAGE" 1 2 3 4 5 6 7 0 

GROUP 3 ORGANISMS Cont'd 

PLECOPTERA 
F. Per1  idae 

F.  Pteronarcidae 
Ctaassenia sp. 

Pleronarcelta sp. 

F .  Chioroperl idae 
Pteronarcys sp. 

IIas taperta sp. 
F. Perlodidae 
Isoperla sp. 

F .  Nemouridae 
Isogenus sp. 

Nemoura sp .. 
Plecoptera sp. indet .  

COLEOPTERA 
F. Elmidae 
Zai tzevia s p . 

N 3 1 

N ' 4  6 2 
N 2 

N 1 

N 
N 

N 
N 

L 

ODONATA 
S . O .  Zygoptera 

F. Agriopidae 

S . O .  Anisoptera 
F. Gornphidae 

Agrionidae sp. indet.  N 

O p h i o p m p h r ~ s  5. n 

2 

1 3 

1 2 

I 

24 7 2 2 

1 

2 

2 

4 2 

2 

6 
1 

15 
3 



TABLE 17: Benthic  Macro-invertebrates - D e t a i l e d   I d e n t i f i c a t i o n s ,  September 1976 

LIFE 
STATION NO. 

TAXA  STAGE?? 1 2 3 4 5 6 7 8 

27 
3 

13 

3 

1 

1 

2 1 23 

GROUP 2 ORGANISMS 

D l  PTERA 
F. Chironomidae 

S . F Ch 1 ronomi nae 

S.F. Orthocladiinae 
Micropsectm sp. L 

Cricotopua sp. L 
Cricotopus sp. P 
Curdiodadius sp. L 
Orthocludius sp. L 
Thienemunnietla sp. L 

Chironomldae sp. indet.  
Orthocladi inae  sp.   indet .  1. 

L 
F .   T ipu i idae  

Hexatom sp. L 
Antocha sp. L 

T ipu l idae  s p .  indet .  c 
F.  Rhagi on i dae 

Atherix sp. L 
F.  S imul i ldae 
Simulium sp .  L 
Simulium sp. P 

Pericoma sp. L 
F .  Psychodidae 

Empididae sp. indet .  
F. Empididae 

Syrphidae  sp.  indet. 

L 1 

L 1 
F .  Zy!-:h!120_ 

2 
1 

8 

9 5 
3 

1 15 2 

1 
I 

1 8 
5 
I 

1 
1 

1 1 
12 32 I '  

2 

8 1 1 

1 2 

1 



TABLE 17:  Benth ic   Macro- Inver tebra tes  - D e t a i l e d   I d e n t i f i c a t i o n s ,  September 1976 

LIFE 
STATION NO. 

TAXA  STAGE* I 2 3 11 5 6' 7 0 

GROUP 2 ORGANISMS Cont 'd  

HY ORACARI NA 
F. Leber t i   i dae  
Lebertia sp.  A 

TURBELLARIA 
T u r b e l l a r i a  5p.  i n d e t .  A 

GROUP I ORGANISMS 

OLIGOCHAETA 
F. Naid idae A 
F. Lumbr ic idae A 

O l lgochae ta  sp. l n d e t .  A 

TOTAL NO. OF ORGANISMS 
TOTAL NO. OF  TAXA 

2 

1 

1 

3 

2 

5 

102 65 105 15 109 107 107 I09 
15 16  19  5 10 15 17 ,20 

* N = nymph 
L = l a r v a e  

A = a d u l t  
P = pupae 
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TABLE 1 

TAXA 

f I a 

tes - 

IO 

- (I: Renthic  Macro-lnvertebra 

STAGE* 
LIFE 

Det. a i l e d   I d e n t l f l c a  

I I  12 

, t i  I S ,  Sep 

13 

Itember 1976 

STATION NO. 

1 4  15 16 17 

GROUP 3 ORGANISMS 

EPHEMEROPTERA 
F. Heptageniidae 
Rhithrogena sp. 

F. Baetidae 
Cinygwmla sp. 

Baetis sp. 
Ephemeretta sp. 1 
Ephernerella sp. 2 
h e l e t u s  sp. 

TRICIIOPTERA 
F.  Hydropsychidae 
Ilydropsyche. sp. 

F.  Rhyacophilidae 
Diplectrona sp. 

F.  Brachycentridae 
Agupetus sp. 

Trichoptera  sp.  indet.  
Bisachycsntrus sp. 

PLECOPTERA 
F. P e r l i d a e  

F.  Pteronarcfdae 
Claassenia sp. 

Pteronarcel l a  s p .  

N 
N 

N 
N 
N 
N 

L 
L 

L 

c 
L 

N 

N 

I8 
1 

7 

17 
6 25 

5 

1 
3 

19 31 
2 

1 

2 3 

5 16 

2 

8 
23 15 

4 2 
5 
3 

2 

I 

1 1 

1 

32 37 
5 

28 2 8' 

' 2  
13 

10 
2 

I 

1 

3 



i 
I 

TAOCE __ 

TAXA 

m 

- 18: Bent .hie Macro-Invertebrates - D e t a i l e d   i d e n t l f i c a t l o n s ,  September 1976 

LIFE 
STAGE* 10 1 1  12 13 i 4  15 16 17 

STATION NO. 

GROUP 3 ORGANISMS Cont’d 

PLECOPTERA Cont’d 
F. Chioroperl idae 

F. Perlodidae 
llastaperla sp. 

F .  Nemouridae 
Isogenus s p . 
Nemoura sp .  

COLEOPTERA 
F. Elmidae 
Lara sp. 
Zaitzevia sp. 
Narpus sp .  

F.  Elmidae  sp.  lndet. 
Coleoptera sp. indet .  

ODONATA 
S . O .  Zygoptera 

F .  Agrionidae 
Ischnura sp. 

GROUP 2 ORGANISMS 

DIPTERA 
F.  Chi ronomidae 

T ~ I .  
I oooypvu I Ildt: 

ProcZadius sp. 

N 

N 

N 

L 
C 
L 
L 
L 

N 

L 

6 4 2 1 

I 6 1 7 

1 
2 
2 

1 

2 

4 1 

m I 



TABLEIS: Benthic  Macro-invertebrates  Detailed  Identifications,  September 1976 

LIFE 
STATION NO. 

TAXA  STAGE* IO 1 1  12 13 14 15 . 16 17 

GROUP 2 ORGANlSMS Cont'd 

DIPTERA Cont'd 
S.F. Chi ronorninae 
Mioropsectra sp. L 3 7 2 2 
fflirononncs sp. L 2 46 

Cardiocl.adius sp. L 4 2 I 5 i 
Orthocladius sp. L 3 

S . F .  Orthocladilnae 

Orthocladiinae sp. indet. L 1 

Hexatoma s p .  L I 
Antocha sp. L~ 6 
T i p u l a  sp. L 3 

Si.mulium s p . L I . 2  

Fericoma sp. L 

Leptoconops sp. L 3 

Chaoborus sp. L 

F.  Tipulidae 

F. Sirnul i idae 

F. Psychodidae 

F. Ceratopogonidae 

F. Culicidae 

Diptera s p .  indet. 
15 : 

L I 

91 

2 

5 

HY DRACARI NA 
F. Cebert i i.dae 

Lebertia s p .  A 1 1 
~~ 

~~~ 

. 



TABLE 1 8 :  Benthic  Macro-Invertebrates - Detailed  Identifications,  September 1976 

LIFE 
STATION NO. 

TAXA  STAGE* 10 1 1  12 13 14 15 16 17 

GROUP 2 ORGANISMS Cont'd 

TURBELLAHI A 
Turbellaria sp. indet. A 1 

NEMATODA 
Nematoda sp. indet. A 

AMPHI  PODA 
F. Talitrldae 
Nyalelta aateca A 

COELENTERATA 
Uvdru sp. 

t i  I RUD I NEA 

Glossiphonlldae  sp. indet. A 
F .  Glossiphoniidae 

BlVALVlA 
F .  Sphaeriidae 
Sphneriwn sp. 

14 5 I a 

2 1 

101 10 

2 

5 

A 1 

GASTROPODA 
F .  Planorbidae 
Planorbidae sp. indet. A : 3 



TAELEI8 :  Benthic  Macro-lnver.tebrates - D e t a t l e d   I d e n t i f i c a t i o n s ,  September 1976 

LIFE STATION NO. 

TAXA STAGE* 10 1 1  12 I3 14 I5 16 17 

GROUP I 'ORGANISMS 

OLIGOCHAETA 
F. Naididae 
F .  Lumbricidae 

TOTAL NO. OF ORGANISMS 
TOTAL NO. OF TAXA 

A 1 12 1 27 
A 52 

102 
24 

1 IO 
13 

112 135 101 
I I  

108 
12 

1 I2 
13 

1 I3 
14 , 4  1 1  

* N = nymph 

A = adul t  
L = l a r v a  
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JUNE 1977 
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TABLE 1: Benthic  Macroinvertebrates - First  Order  Identification 
June 1977 

I 
STATION: 1 - Bonaparte  River  (Surber  Sampler) 

SAMPLE  NUMBER 

1 2 3 4  5* 6* Samp 1 e 
Av. 1 

I GROUP 3 ORGANISMS 

Tr i chopte ra 
Ephemeroptera 

I Plecoptera 

16  33  54  39 
2 

43 
4 . I  

2 
1 1 

31.2 
1 1.7 

I 3 2 1 .o  

- GROUP 2 ORGANISMS 

. .  Diptera 
Chironomidae 1 1 

I -  Other  Diptera 2 1 I 
Gastropoda 

2 0.7 
1 0.8 
1 0.2 

r l  
TOTAL  NO. OF  ORGANISMS 21 40 4a  3 55 46 
TOTAL NO. OF  TAXA 4 5 4 2 2 6  4 

36 

I 
Laboratory  Sample  Residue:  fine  plant  debris,  gravel  and  sand 

.I * Sample  selected  for  detailed  identification 



beak 
I 

TABLE 2 :  Benthic  Macroinvertebrates - F i r s t  Order   Ident i f ica t ion  
June 1977 

'I STATION: 2 - Bonaparte  River  (Surber  Sampler) 

SAMPLE NUMBER 

I *  2* 3* 4* 5* 6* Samp 1 e 
Av./ 

a 
~~ 

GROUP 3 ORGANISMS 

Ephemeroptera 9 a 4 3.5 

m 

ia. i 

GROUP 2 ORGAN1 SMS 

Diptera  

Other  Diptera 
B i v a l v i a  1 

Chi ronomi dae 
2 ' I  

1 0.2 
1 

0 .2  
0 .7  

TOTAL NO. OF ORGAN ISMS 12 8 1 4 1 1 
TOTAL NO. OF TAXA 3 1 1 1 1 1 

5 
1 

Laboratory  6ample  Res.idue:  gravel,  rocks 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 3: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
June 1977 

STATION: 3 - Bonaparte  River  (Surber  Sampler)  

SAMPLE NUMBER 

1 2 3* 4* 5 6 Samp 1 e 
Av./ 

I 

c 

GROUP 3 ORGANISMS 

Ephemeroptera 33 ’ 12 IO 57 21 47 30.0 
T r i c h o p t e r a  13 2 2 14 3 3 6.2 
Coleoptera 1 0.2 

GROUP 2 ORGANISMS 

D i p t e r a  
Chi ronomi  dae 7 3’ 14 5 4.8 

O the r   D ip te ra  4 2 2 8 6 8 5 . 0  

TOTAL NO. OF ORGANISMS 58 1 4  93 30 63 46 
TOTAL NO: OF TAXA 5 4 4 3 4 4 19. 3 
- 
Laboratory  Sample Residue:  gravel ,   stones, wood p i e c e s  and p l a n t   d e b r i s  

*c Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



d 

beak 

1 
I 

c 
TABLE 4: Benth ic   Macro inver tebra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  

June 1977 

I STATION: 4 - Bonaparte  River  (Surber  Sampler) 

* SAMPLE NUMBER 

1 2 3* 4 5* 6 
Av./ 

Sample 

m GROUP 3 ORGANISMS 

r 

Ephemeroptera 5  5 19 3 5 31 11.3 
T r i c h o p t e r a  I9 3 IO 43 3 13.0 
P lecop te ra  1 1 2 3 
Coleoptera 

1.2 

Odonata 
0.7 

1 1 1 2 0.8 

. .  

1 2 1 

1 

-. GROUP 2 ORGANISMS 

D i p t e r a  
Chironomidae 4 10 4 5 

Other   D ip te ra  1 I 9 1 
3.8 

5 2.8 
B i v a l v i a  1 
Hi rud inea 

0.2 

Nematoda 
0.2 

1 1 
Hydracar ina 

0.3 
i 0.2 

1 
.- 

.I 

1 

1 

m 
GROUP 1 ORGANISMS 

0 1 i gochae t a  1 0.2  

TOTAL NO. OF ORGANISMS 8 31 46 
TOTAL NO. OF TAXA 4 8 4 8 

15 
6 

58 50 
7 

35 
6 

I8 

Laboratory  Sample  Residue:  gravel,  sand,  rocks, some p l a n t   d e b r i s ,  wood 
p i  eces 

1 * Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 5: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   i d e n t i f i c a t i o n  
June 1977 

STATION: 5 - Hat  Creek  (Surber  Sampler) 

SAMPLE NUMBER 

1* 2 3 4 5 6 
Av. / 

Samp 1 e 

GROUP 3 ORGANISMS 

T r i c h o p t e r a  
Ephemeroptera 

P lecop te ra  
Coleoptera 
Odonata 

GROUP 2 ORGANISMS 

D i p t e r a  

Other   D ip te ra  
Chi ronomi  dae 

54 118 116  58  42 
10 17 . 1 1  

13 
6 

66.8 

4 
3 

12 8 9 
2 8.2 

2 
2 

3 1 5 
5.8 

2 
1 0.2 

2.2 

87 276 280 205 108 162 
6 9 24 1 1  21 10 13.5 

186.3 

GROUP 1 ORGANISMS 

Ol igochaeta 2 7 2 8 7 2 4.7 

TOTAL  NO. OF ORGANISMS 165 439 444 298 ' 186 194 2 aa 
TOTAL NO. OF TAXA 7 6 7 7 6 a 7 

~~ ~ _ _ _ ~  ~~ ~ ~~ ~ ~~ 

Laboratory  Sample Residue:   gravel ,   sand,   organic   debr is  

5 Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



a 

m 

TABLE 6: Benthic  Macroinvertebrates - First  Order  Identification 
June 1977 

STATION: 6 - Hat  Creek  (Surber  Sampler) 

SAMPLE  NUMBER 
1 2 3* 4 5 6 

AV. / 
Sample 

GROUP 3 ORGANISMS 

Trichoptera 
Ephemeroptera 

P 1 ecop te ra 
Coleoptera 

24 
18 
2 

GROUP 2 ORGANISMS 

Diptera 
Chi ronomi  dae 113 

Other  Diptera 1 1  
Turbellaria 
Nematoda 

1 
GROUP 1 ORGANISMS 

Oligochaeta 1 1  

TOTAL NO. OF ORGANISMS 179 
TOTAL  NO. OF  TAXA 6 

22 
12 
10 

128 
7 

12 

191 
6 

18 
6 
3 

86 
4 

38 

157 
6 

55 
3 
, 5  

178 
9 
1 
1 

9 

26 1 
8 

24 
4 
5 

129 
3 

4 

169 
6 

35 29.7 
51 15.7 
10 5.8 

1 0 . 2  

90 
12 

121 .o 
7.7 
0 . 2  
0 . 2  

12.3  

199 193 
6 6 

~~ ~~ ~ ~ ~~~~~~ 

Laboratory  Sample  Residue:  gravel,  algal balls, fine  plant  debris 

* SamDie  selected  for  detailed  identification 
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TABLE 7: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   t d e n t i f i c a t i o n  
1 June 1977 

I 
STATION: 7 - Hat  Creek  (Surber  Sampler) 

-r 
SAMPLE NUMBER 

1 2 3 4* 5 6 
Av./ 

Samp 1 e 

I GROUP 3 ORGANISMS 

Ephemeroptera 5 56  55 49 ' 33 22 3 6 i 7  
T r i c h o p t e r a  3 10 9 7 39 45 18.8 

I I Plecoptera 1 7 b IO 6 5 5.8 

.I 
GROUP 2 ORGANISMS 

D i p t e r a  . ' 

Chi ronomi  dae 58 4 26 3 4 19.0 .. " Other   D ip te ra  4 22 I3 l 9  5 9 8.8 
Nematoda 
T u r b e l l a r i a  

GROUP 1 ORGANISMS 

Ol igochaeta 

2 
1 2 1 

0.3 
0 . 7  

2 1 2 1 1 . 0  

TOTAL  NO. OF ORGANISMS 73  77 121 101 88  81 91 
TOTAL NO. OF TAXA 6 4 7 7 6 7 6 

Laboratory  Sample Res idue:   sand,   g rave l ,   a lgae,   p lan t 'debr is  

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  - 
e 
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II 

a 

II 

I 

TABLE 8: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
June 1977 

STATION: 8 - Smal l   Tr ibutary  (Surber  Sampler)  

SAMPLE  NUMBER 

I *  2 3 4 5 6' Samp 1 e 
Av. / 

GROUP 3 ORGANISMS 

Ephemeroptera 36 78 31 42 19 29 39.2 
T r i c h o p t e r a  3 5 5 3 

5 28 
3 

P lecop te ra  
3.2 

1 IO 1 1 7.7 

GROUP 2 ORGANISMS 

D i p t e r a  

O the r   D ip te ra  4 8 4 1 2 
0.3 

T u r b e l l a r i a  2 5 2 4 5 3.0 
3 . 2  

Nematoda 1 0.2 

Chironomidae 1 1 

GROUP 1 ORGAN1 SMS 

Ol igochaeta 3 10 1 2 3 9 . 4 . ?  

TOTAL NO. OF ORGANSISM 54 134 35 68 50 62 
TOTAL NO. OF TAXA 5 6 7 6 4 7 

Laboratory  Sample Residue: rocks, g r a v e l ,   l e a f   d e b r i s ,   t w i g s  

>k Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 9: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
June 1977 

STATION: 10 - Hat  Creek  (Surber  Sampler) 

SAMPLE NUMBER 

1 2 3 4* 5 6 Samp 1 e 
Av. / 

GROUP 3 ORGANISMS 

Ephemeroptera 55 36 63 25 31 45. a 
T r i c h o p t e r a  6 5 2 4 
Plecop te ra  14 9 13 IO 1 ' 1  8.0 

5.5 

Coleoptera 1 3 1 0.8 

7 65 9 

GROUP 2 ORGANSIHS 

D i p t e r a  

O the r   D ip te ra  
T u r b e l l a r i a  
Nematoda 

Chironomidae 18 
3 

2 42  22 5 
2 5 

15 
3 

17.3 
4 

2 
1 

0.3 
0 . 2  

2 .8  

GROUP 1 ORGANISMS 

Ol igochaeta 3 1 1  1 1 .o  

TOTAL NO. OF ORGAN I SMS 98 92 106 105 38 52 a2 
TOTAL NO. OF TAXA 6 a 6 7 6 5 6 

Laboratory  Sample Res idue :   l eaves ,   g rave l ,   f i ne   p lan t   deb r i s ,   sma l l  wood 
p ieces 

* Sample' s e l e c t e d   f o r . d e t a i l e d   i d e n t i f i c a t i o n  

a 



beak 

I 

TABLE IO: Benthic Macro inve r teb ra tes  - F i r s t   O r d e r   i d e n t i f i c a t i o n  
June 1977 

STATION: 1 1  - Medicine  Creek  (Surber  Sampler) 

SAMPLE NUMBER 

1* 2 3 4 5 6 Sample 
AV. / 

GROUP 3 ORGANISMS 

Ephemeroptera 5 12 14 2 20 11 10.7 
T r i c h o p t e r a  8 

8 l5 8 
13 2 18 15 

P lecop te ra  17 3 8 12 
11.8 

Coleoptera 10 5 4. 1 3 6 4.8 
9.3 

. .  

GROUP 2 ORGANISMS 

D i p t e r a  
Ch i ronomi  dae 45 . '  77 163 40 87 236 

Other   D ip te ra  4 13 4 1 
108.0 

T u r b e l l a r i a  27 9 4 34 l3 81 
12 7.8 

Nematoda 
25.8 

2 4 1 .o 

GROUP 1 ORGANISMS 

01 i gochaeta 67 28 6 9 7 30 24.5 

I 
TOTAL NO. OF ORGANISMS I76 176 216 62 190 403 204 
TOTAL NO. OF TAXA 9 a 8 a a 8 8 

Laboratory  Sample Res idue :   g rave l ,   sand ,   o rgan ic   deb r i s ,   p lan t   de l r i s  

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 1 1 :  Benthic Macroinvertebrates - First Order  ldentificatior 
June 1977 

STATION: 13 - Anderson  Creek (Surber Sampler) 

SAMPLE NUMBER 
1 +  zit 3 4 '  5 6 

Av. / 
Sample 

GROUP 3 ORGANISMS 

Ephemeroptera 80 ' 56 164 147 . 166 142  125.8 
Trichoptera 1 1 2 2  2 5 2.2 
Plecoptera 2 '  3 3 19 5 5.3 

GROUP 2 ORGANISMS 

Diptera 
Chi ronomi dae 1 i 3 4 7 

Other  Diptera 1 1 '  3 2 1 3 1.8 
2.7 

Turbellaria 9 4 4 18 12 7.8 
Amph i poda 1 0.2 

. .  

GROUP 1 ORGANISMS 

Oligochaeta 1 1 2 3 4 4 2.5 

TOTAL NO. OF ORGAN1 SMS 95 63 181 159 214 178 148 
TOTAL NO. OF TAXA 7 6 7 6 7 7 7 

Laboratory  Sample  Residue: gravel, leaves, twigs, sand 

* Sample  selected for  detailed  identification 

a .' 
L 

a 
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TABLE 12: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
June 1977 

STATION: 14 '- Hat  Creek  (Surber  Sampler) 

SAMPLE NUMBER 

1 2 3 4 5* 6 Samp 1 e 
Av./ 

GROUP 3 ORGANISMS 

Ephemeroptera 108 68 40 47 
T r i c h o p t e r a  
P lecop te ra  
Coleoptera 

GROUP 2 ORGAN1 SMS 

D i p t e r a  

O the r   D ip te ra  

T u r b e l l a r i a  
B i v a l v i a  

Nematoda 
Hydracar ina 

Chironomidae 

1 
3 

3 
3 

5 
1 ' 1  

1 1  14  10 36 

1 3 
1 

2 
1 1 
1 

GROUP 1 ORGANISMS 

Ol igochaeta  2 27 12 8 

TOTAL NO. OF ORGANISMS 132  124 118 
TOTAL NO. OF TAXA 9 IO 7 5 

97 

77 
8 

68 68.0 

2 
2.8 

3 2.2 
1 0.2 

22 . 1 1  17.3 
2 2 1.8 

2 . I  
1 2 1 .o  

1 0.7 
1.5 

0.2 

2 3 '  9.0 

Labora to ry  Sample  Residue:  sand & g r a v e l ,   o r g a n i c   d e b r i s  

'r Sample s e l e c t e d  f o r  d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 13: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
June 1977 

STATION: 15 - Hat  Creek  (Surber  Sampler) 

SAMPLE  NUMBER 

1 2* 3 4  5  6 
Av. / 

Sample 

GROUP 3 ORGANISMS 

Ephemeroptera I .  2 3 1 1 1.3 . 
T r i c h o p t e r a  5 3 4 5  6  6 4.8 
Plecop te ra  22 22 IO 48 25  23  25.0 

.Co leop te ra  1 0.2 

GROUP 2 ORGANISMS 

D i p t e r a  
Chi ronomi dae a5 25 41 90 37 78 

56 Other   D ip te ra  20 479 18 372  227 
59.3 

T u r b e l   l a r i a  
195.3 

76  59 . 29 67 89 84 67.3 

GROUP 1 ORGAN ISMS 

Ol igochaeta 7 2 3 .  6 3.0 

TOTAL NO. OF ORGANISMS 252 133 567 231 530  425 
TOTAL NO. OF TAXA 7 7 7 6 6 7 7 

356 

Laboratory  Sample   Res idue:   g rave l ,   leaves ,   o rgan ic   debr is ,   p lan t   p ieces ,  
some f i n e  wood p ieces 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



TABLE 14:  Benthic Macro-Invertebrates - Detailed Identification, June 1977 

LIFE 
TAXA STAGE* 1 2 3 4 5 6 7 a 

- GROUP 3 ORGANISMS 

EPHEMEROPTERA 
F.  Heptageni idae 
Rhithrogena sp. 
Ironopsis sp. 
CinygmuZa sp. 

F.  Baetidae 
Baetis sp. 

Ephemerella sp. 2 
Ephemerella sp. 1 

Puruleptophlebia sp. 
Cnenis sp. 

TRI CHOPTERA 
F. Hydropsychidae 
Hydropsyche sp. 
F. Brachvcentridae 

N 
N 
N 

N 
N 
N 
N 
N 

L 

L 

El 

17 28 - - 

3 
1 33 

4 
2 - - - 

Brachycentrus sp. 
F.  tlydrop t i 1 i dae 
Hydroptilidae sp.  indet. 
F. LimephlI1dae 
Limnephilidae sp.  indet. L - - - - 
F. Glossosomatidae 
Agape tus s p . L - - - - 

F.  Rhyacophilidae 
Rhyacophila sp. L - - - - 

2 
4 
5 

30 
7 
I - - 

1 

3 
- 
2 

1 

- 



- 

TABLE 14 CONT'D:   Benth ic   Macro- Inver tebrates - D e t a i l e d . l d e n t i f i c a t i o n ,  June 1977 

LIFE 
STATION NO. 

TAXA  STAGE* I . 2  3 'I 5 6 7 a 

GROUP 3 ORGANISMS Cont 'd.  

PLECOPTERA 
F. P e r l i d a e  

F .   Ch lo roper l i dae  

F. P te ronarc idae  

F. Pe r lod idae  

Ctaassenia sp. N 

Hastaperla sp. N 

Pteronaroella sp. N 

roogenus s p.  N 

COLEOPTERA 
F. Elmidae 
Narpus sp. L 

ODONATA 
S . O .  An isop te ra  

F. Gomphidae 
Ophiogonphus sp. N 

GROUP 2 ORGANISMS 

DIPTERA 
F. Ch i ronoml  dae 
S.F.  Tanypodinae 

F,~"C'UU"~ ,p. i 
S .  F. Chi ronomi  nae 
Micropsectra sp. L 
Chironomus sp. L 

* 1 .  

- 2 
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TABLE 14 CONT'D: Benth ic   Macro- Inver tebra tes  - D e t a l l e d   I d e n t i f i c a t i o n ,  June 1977 

LIFE STATION NO. 

TAXA STAGE* 1 2 3 4 5 6 7 8 

GROUP 2 ORGANISMS Cont'd. 

DIPTERA c o n t ' d .  
F.  Chi  ronomi dae cant  ' d. 

S . F .  Or thoc lad i i nae  
Cricotopus sp. L 
Orthocladius sp. L 
Cardioctndius sp. L 

F .  T i p u l i d a e  
Chironomidae  sp.  indet. P 

Ilexatoma sp. L 
Antocha sp. L 
Antocha sp. L 

Protoplasa sp. L 

Atherix  sp. L 

Simulium sp. L 
Simulium sp. P 

F.  Ceratopogonidae 
Ceratopogonidae  sp.  lndet. L 
F .  Empldidae 
Empididae  sp.  Indet. L 
F .  Psychodidae 
Pericoma sp. L 

F . Tanyde r i dae 

F.  Rhaglonidae 

F .  S i m u l i i d a e  

HY DRACARI NA 
F. Sperchonidae 
Sperchon sp. A - - - 1 - - - - 



TABLE 14 CONT'D: Benth ic   Macro- Inver tebra tes  - D e t a i l e d   I d e n t i f i c a t i o n ,  June 1977 

TAXA 
LIFE 

STAGE* i 2 3 4. 5  6 7 8 

STATION NO. 

GROUP 2 ORGANISMS Cont'd. 

TURBELLARIA 
0 .  Neorhabdocoela 

sp.  i n d e t .  A 

GASTROPODA 
F .  Bul imidae 
Bul imidae sp. i nde t .  A 

BlVALVlA 
F . Sphaer i i dae 
Pisidiwn s p .  A - 

NE MAT0 DA 
Nematoda sp. i n d e t .  A - 

GROUP i ORGANISMS 

OL I GOCHAETA 
F . ,  Naid idae 
F. Lumbric idae 

TOTAL  NO. OF ORGANISMS 
TCTA!. !!C. CF TAXA 

A 
A 

101 .. 
' I  

* N = nymph A = a d u l t  
L = l a r v a e  
P = pupae 

E l  = e a r l y   i n s t a r  



TABLE 14 CONT'D: Benthic  Macro-Invertebrates - D e t a i l e d   I d e n t i f i c a t i o n ,  June 1977 

TAXA 
LIFE 
STAGE* 10 1 1  13 

STAT I ON NO. 

I 

14 

GROUP 3 ORGAN ISMS 

EPHEMEROPTERA 
F. Heptagenildae 
Rhithrogena sp.  
Ironopsis sp. 

F. Baetidae 
Cinygmu7.a sp. 

Baetis sp. 
Ephemerella sp. 1 
Amletus sp. 

TRiCHOPTERA 
F. Hydropsychidae 
Ilydropsyche sp. 

F.  Brachycentridae 
flydropsyche sp. 

F.  Llmnephilidae 
Brachycentrus sp. 

Llmnephilidae sp. indet.  
F.  Glossosomatidae 

F. Rhyaccphi I idae 
Agapetus sp. 

RhyacophiZa sp. 

N 7 - 
N a 5 31 

5 
34 

N 1 1  37 ' 7 

- 
- 

- 
1 
1 

PLECOPTERA 
r. ?&7;id'iC 

F. Chloroperl  idae 
Claassenia sp. N 5 7 - - - 
flus taperta s p .  N 5 1 3 I 22 



TABLE 14 CONT'D: benthic  Macro-Invertebrates - D e t a i l e d   I d e n t i f i c a t i o n ,  June 1977 

TAXA 
LIFE 

STAGE* IO 1 1  13 14 15 
STAT1 ON NO. 

GROUP 3 ORGANISMS Cont'd. 

PLECOPTERA cont 'd .  
F. Perlodidae 

F. Nemouridae 
Isogenus sp. 

Nemoura sp. 

COLEOPTERA r. Elmidae 
Narpus sp. 
Zuitzevia sp. 

GROUP 2 ORGANISMS 

DIPTERA 
F. Chi ronomldae 
S.F. Chironorninae 

S . F .  Orthocladilnae 
Micropsectm sp. 

Cardiocladius sp. 

Orthocladius sp. 
Cardiocladius sp. 

F. T ipul  idae 
Antocha sp. 

Tipul   idae sp. indet.  
rn . 2 ; wu; i i dae 

F. Ceratopogonidae 
Leptoconops sp. 

r 

Sinnrlim sp. 

N 

N 

L 
L 

1 - 



TABLE I4 CONT'D: Benth ic   Macro- Inver tebra tes  - D e t a i l e d   I d e n t i f i c a t i o n ,  June 1977 

LIFE STATiON NO. 

TAXA STAGE* 10 1 1  13 14 IS 

GROUP 2 ORGANISMS Cont'd. 

DIPTERA c o n t ' d .  
F. Psychodidae 
Pericom sp. L 

TURBELLARIA 
0.   Neorhabdocoela  sp.   indet.  A 

BlVALVlA 
F. Sphaeri  idae 
Pisidiwn sp, 

NEMATODA 
Nematoda s p .  I nde t .  

GROUP I ORGANISMS 

OLIGOCHAETA 

F. Lumbric idae 
F. Naid idae 

TOTAL NO. OF ORGANISMS 
TOTAL NO. OF TAXA 

* N = nymph 

P = pup& 
L = la rvae  

A = a d u l t  

A 

A 

A 
A 

- 
1 

49 
IO 

- 

59 

- 
2 2 

- 

116 ' 133 
18 9 
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TABLE I :  Benthic  Macroinvertebrates - F i r s t  Order I d e n t i f i c a t i o n  
August 1977 

STATION: 1 - Bonaparte  River  (Surber Sampler) 

Samp 1 e Numbe r 

TAXA I 2 . 3  4 5 6* 
Av./ 

Sampl e 

GROUP 3 ORGANISMS 

Ephemeroptera 20 35 19 42 20 58 
Tr ichoptera 8 1 1  23 29 36 34 

32.3 

Plecoptera 
23.5 

1 a 7 
Coleoptera 

3.0 
1 1 1 1.0 

- 2 .. 
3 - - 

GROUP 2 ORGANISMS 

Diptera 
Chi  ronomi dae 3 22 2 1 1  9 14 

Other  Diptera 2 4 8 12 5 
10.2 

3 
Nematoda I 1 - - - - 5.7 

0.3 

GROUP 1 ORGANISMS 

Oligochaeta 3 5 1 . 2  4 3 3.0 

TOTAL NO. OF ORGANISMS 40 
TOTAL NO. OF TAXA 

80 54 98 82 120 
7 7 6 7 ' 6  7 7 

79 

. .  

Other Organisms i n  Samples: Coleoptera  adults - 2 

Laboratory Sample Residue: p lant   debr is ,  sand, wood p ieces,   f ine  p lant   debr is ,  
grave 1 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
\ 
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TABLE 2: 

STAT I ON : 

TAXA 

Benthic  Macroinvertebrates - F i r s t  Order i d e n t i f i c a t i o n  
August 19 77 

2 - Bonaparte  River  (Surber Sampler) 

Samp I e Number 

1 2 3* 4* 5 6* Samp 1 e 
Av. / 

GROUP 3 ORGANISMS 

Ephemeroptera 5 41 7 55 9 I5 22.0 
Tr  i chopte r a  5 3 - 1 1 1 1.8 
Plecoptera 1 3 1 6 - 2 2.2 
Coleoptera . -  - - 1 - - 0.2 

GROUP 2 ORGANISMS 

Diptera 

Other  Diptera 
Chi  ronomi dae 1 4 - 8 1 1 2.5 

1 1 3 2.2 8 - - 
TOTAL NO. OF ORGANISMS 12 59 
TOTAL NO. OF TAXA 

. 8  
4 5 

72 12  22 31 
2 6 4 5 4 

Laboratory Sample Residue: sand, wood pieces,   gravel ,   f ine  p lant   debr is ,  
.. stones 

* Samples s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  

7 



m 

beak 

TABLE 3:  Benthic  Macroinvertebrates - F i r s t  Order   Ident i f i ca t ion  
August 1977 

STATION: 3 - Bonaparte  River  (Surber Sampler) 

.I Samp I e Number 

TAXA 1 2 3 4* 5 6 Samp 1 e 
AV./ 

L 

m 

e 

I 

3 

GROUP 3 ORGANISHS 

Ephemeroptera 
Tr ichoptera 
Plecoptera 
Coleoptera 

GROUP 2 ORGANISMS 

Diptera 

Other  Diptera 
Chi ronomi dae 

GROUP 1 ORGANISMS 

01 igochaeta 

TOTAL NO. OF ORGAN1 SMS 
TOTAL NO. OF TAXA 

I02 
8 
8 
6 

35 
28 

5 

192 
7 

37 
46 

2 
2 

19 
5 

2 

1 I3  
7 

54 
45 

3 '  
2 

IO 
9 

5 

128 
7 

39 
9 
2 
0 

40 
1 1  

1 

1 IO 
7 

61 
12 23.8 

50.8 

2 2.8 
2 3.7 

32 
22 

.21.3 
16.0 

- 2 .2  

131 121 
6 7 

Laboratory Sample Residue: wood pieces,  plant  debris,  gravel,  stcrtes, sand, 
f i n e   p l a n t   d e b r i s  

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



TABLE 4:  

STAT I ON : 

TAXA 

Benthic  Nacroinvertebiates.  - F i r s t  Order I d e n t i f i c a t i o n  
August 1977 

4 - Bonaparte  River  (Surber Sampler) 

Samp 1 e Number 

1 2* 3 4 5 6* Sample 
Av./ 

GROUP 3 ORGANISMS 

Epheme rop t e   r a  
Tr ichoptera 
Plecoptera 
Coleoptera 
Odonata 

GROUP 2 ORGANISMS 

Diptera 

Other  Diptera 
Nematoda 

Chironomidae 

TOTAL NO. O F  ORGAN1 SMS 
TOTAL NO. O F  TAXA 

52 27 49 19 38.3 
9 43 

18 
3 

16 2 
10.3 

3 
1 

6 .8  
5 - 1.8 
1 - 0.2  

- 
- - - 

3 5 
5 2 

1 - 

35 78 
5 6 

- 2 
12 8 

3 1 
6 3 

2 . 3  
6 . 0  - - - - 0.2  

92 96 69 26 66 
5 5 7 4 5 

Other Organisms i n  Samples: Coleoptera  adult - 1 

Laboratory Sample Residue: wood pieces, sand, f ine   p lan t   debr is ,   a lgae,  
stones 

* Samples s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 5 :  Benthic  Macro'invertebrates - F i r s t  Order I d e n t i f i c a t i o n  
August 1977 

STATION: 5 - Hat  Creek (Surber Sampler) 

Sample Number Av./ 
TAXA 1  2 3 4* 5 6 Sample 

GROUP 3 ORGANISMS 

Ephemeroptera 33 36 45 85 

Plecoptera 36 20 IO I2 4 
Coleoptera IO l7 3 8 12 12 9 
Odonata 1 - - - - - 

29 IO Tr ichoptera 21 8 2 5 

GROUP 2 ORGANISMS 

D ip te ra  
18 40 36 

Other  Diptera 5 4 3 - Chi  ronomidae 24 . 19 
1 1  65 17 

GROUP 1 ORGAN ISMS 

01 igochaeta - - 6 1 10 2 

45.8 
11.0 
16.5 

0.2 
9 . 0  

33.7 
6.7 

3 . 2  

TOTAL NO. OF ORGANISMS 113 106 147 105 129  156 
TOTAL NO. OF TAXA 7 6 7 .  7 7 6 7 

126 

Other Organisms i n  Samples: Coleoptera  adults - 2 

Laboratory Sample Residue: f i ne   p lan t   deb r i s ,  wood pieces, sand, f i n e  
organic  debr is 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE 6: Benthic Macroinvertebrates - First  Order  Identification 
August 1977 

STATION: 6,- Hat Creek (Surber Sampler) 
Samp 1 e Number 

TAXA 1 2 3* . 4 5 6 Samp 1 e 
Av. / 

GROUP 3 ORGANISM 

Ephemeroptera 92 79 55 61 46 ,114 
Trichoptera 

74.5 
21 16 2 15' 16.2 

Plecoptera 8 8 3 4 
Coleoptera 

5.8 
3 1 - - 0.8 

26 

1 
5 l 7  7 - 

GROUP 2 ORGANISMS 

Diptera 
Chi  ronomi  dae 7 3 2 15 1 17 

Other Diptera 38 14 13 35 16 36 25.3 
7.5 

GROUP 1 ORGANISMS 

01 igochaeta 1 2 1 2 - 2 1.3 

TOTAL NO. OF ORGANISMS 170 123  102 138 68 188 ' 
TOTAL NO. OF TAXA 7 6 7  7 5 6 6 

131 

Laboratory Sample Residue: sand, stones, fine organic debris, wood pieces, 
gravel 

* Sample  selected  for  detailed  identification 
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TABLE 7: Benth ic   Macro inver tebrates - F i r s t  O r d e r   l d e n t i f i c a t i o r  
August 1977 

STATION,: 7 - Hat Creek (Surber  Sampler) 

TAXA 

Samp 1 e Numbe r 
I *  2 3 4 5 6 

Av. / 
Samp 1 e 

GROUP 3 ORGANISMS 

1 Ephemeroptera 64 a9 96 97 I03 82 88.5 
Tr ichoptera  

27 16 
26 51 4 27  26 26. a . Plecoptera 10 17 9 3 9 10.7 

Coleoptera 1 - - - - - 0.2 
1 

GROUP 2 ORGANISMS 

D i p t e r a  
19- 23  27 33 22.0 

Other   Diptera 7 - 4 ' 1 1  
T u r b e l   l a r i a  1 - - - - 4.5 

1 
Hydracar ina 

0.3 
1 0.2 

- Chi ronomi dae 5 
4 25 1 

m _- - - - - - - 
GROUP 1 ORGAN1 SMS 

Ol igochaeta 1 .. a 3 - a 3.3 a 

TOTAL NO: OF ORGANISMS 113 163 192 136 165 170 
TOTAL NO. OF TAXA 

157 
1 8 5 6 5 6 7 6 

Laboratory Sample Residue: wood p ieces ,   f i ne   p lan t   deb r i s ,   g rave l ,  sand 

5 Sample se lec ted  for  d e t a i l e d   i d e n t i f i c a t i o n  

* 

,- 
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TABLE 8: Benthic  Macroinvertebrates - F i r s t  O r d e r   I d e n t i f i c a t i o n  
August 1977 

STATION: 8 - Small Creek (Surber Sampler) 

TAXA 

Samp 1 e Numbe r 

1 2* 3 4 5 6* 
AV.1 

Sample 

GROUP 3 ORGANISMS 

Ephemeroptera 42 23 52 14 1 1  12 
Tr ichoptera 4 4 6 1 1 9 

25.7 
4.2 

Plecoptera 32 30 42  25 17 22 28.0 
Coleoptera - - - - - 1 0.2 

GROUP 2 ORGANISMS 

Diptera 
Chi  ronomi dae 1 5 - - - - 1.0 

Other  Diptera 3 - - - 1 - 0.7 

GROUP 1 ORGANISMS 

Oligochaeta 2 1 - 3 1 - 1.2 

m 
TOTAL NO. OF ORGAN1 SMS, 84 63 100 43 ' 31 44 6 1  
TOTAL N O .  OF TAXA 6 5 3 4 5 4 5 

Other Organisms i n  Samples: Coleoptera  adult - I 

Laboratory Sample Residue: sand, wood pieces,  f ine  p lant  debr is,   gravel ,  
stones 

* Samples s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  



beak 

, .  

TABLE 9: 

STAT I ON : 

TAXA 

Benthic  Macroinvertebrates - F i r s t  Order I d e n t i f i c a t i o n  
August 1977 

10 - Hat Creek (Surber Sampler) 

Sample Number 

1 2* 3 4 5 6 
AV. / 

Samp 1 e 

GROUP 3 ORGANISMS 

Ephemeroptera 52 
Tr ichoptera 8 
Plecoptera 5 
Coleoptera 1 

GROUP 2 ORGANISMS 

Oi pte   ra  
Chi  ronomi dae 21 

Other  Diptera 1 
Turbe l   l a r i a  - 

GROUP 1 ORGANISMS 

01 i gochae t a  1 

TOTAL NO. OF ORGANISMS 89 
TOTAL NO. OF TAXA 7 

57 
18 
15 
2 

8 
3 - 

1 

104 
7 

68 
8 

21 
2 

13 
2 
5 

- 

1 I3 
7 

79 61.7 
15 14.3 
19 
3 

14.8 
1.5 

15 
7 

17.2 
3.3 - 0.8 

1 0.5 

139 114 
7 7 

~~ ~~ ~- ~~~~ 

Laboratory Sample Residue: p lan t   debr is ,  sand, wood pieces,  rocks,  stones 

* SamDle s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  
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TABLE IO: Benthic  Macroinvertebrates - First O.rder ldentificatic'n 
August 1977 

STATION: 1 1  - Medicine  Creek  (Surber  Sampler) 
Sample  Number 

TAXA l *  2 3 4 5 6 Samp 1 e 
Av. / 

GROUP 3 ORGANISMS 

Ephemeroptera 
Trichoptera 
Plecoptera 
Coleoptera 

GROUP 2 ORGAN1  SMS 

Diptera 

Turbellaria 
Other  Diptera 

Chi ronomidae 

GROUP 1 ORGANISMS 

01 igochaeta 

94  174 230 182 140 197 169.5 

44 66 
2 

38 
5 

59 81 234 
5 

87 .0  
2.0 - - - 

- 7 IO 9 3 4 5 . 5  

38 
2 

40 
2 

56 
1 

36  35  57 
2 3 

43 .7  
8 

1 1 16 3  5 7 5 . 5  
3.0 

2 - 5  10 5  5 13 6 . J  

TOTAL NO. O F  ORGANISMS 181 297  361  296  277 525 
TOTAL NO. OF TAXA 6 8 7 7 8 8 7 

32 3 

Other  Organisms in Samples:  Coleoptera  adults - 4 

Laboratory  Sample  Residue:  plant  debris,  sand,  gravel,  wood  pieccs,  fine 
organic  debris 

* Sample  selected  for  detailed  identification 



I 

beak 

TABLE 1 1 :  Benthic  Macroinvertebrates - F i r s t  Order   Ident i f icat icm 
August 1977 

STATION: 13 - Anderson  Creek (Surber Sampler) 

TAXA 

Sample Number 

I *  2 3 4 5  6 Samp 1 e 
AV. / 

GROUP 3 ORGANISMS 

Ephemeroptera 56 
Tr ichoptera 15 
Piecoptera 30 

- GROUP 2 ORGANISMS 

Diptera 
Chi  ronomi dae 1 

Amphipoda 2 
T u r b e l l a r i a  - 

GROUP 1 ORGANISMS 

Oligochaeta 5 

TOTAL NO. OF ORGANISMS 109 
TOTAL NO. OF TAXA 6 

117 
4 

72 

- 
2 
3 

5 

2 0 3  
6 

115 
6 

116 

7 
1 
2 

- 
247 

6 

36 

21 
2 

a 
4 - 

4 

75 
6 

94 
4 

48 

3 
1 - 

3 

I53 
6 

40 76.3 
2 

36 
5.5 

53.1 

a0 145 
4 6 

Laboratory Sample Resi;due: wood,pieces,  f ine  p lant  debr is,  sand 

* Sample s e l e c t e d   f o r   d e t a i l e d   i d e n t i f i c a t i o n  

Q 



beak 

TABLE 12: Ben th i c   Mac ro inve r teb ra tes  - F i r s t   O r d e r   I d e n t i f i c a t i o n  
August 1977 

STATiON: 14 - Hat  Creek  (Surber  Sampler) 

Sample Number 

TAXA I *  2 3 4 5  6 Samp 1 e 
Av./ 

GROUP 3 ORGANISMS 

Ephemeroptera 
T r i c h o p t e r a  
Plecoptera 
Coleoptera 

GROUP 2 ORGANISMS 

D i p t e r a  

O the r   D ip te ra  
Chi ronomi  dae 

GROUP 1 ORGANISMS 

01 igochaeta 

58 
13 
29 

1 

24 
13 

TOTAL NO. OF ORGANISMS 138 
TOTAL NO. OF TAXA 6 

90 
4 
16 - 

49 
17 

1 1  

187 
6 

83 
4 

23 
1 

32 
1 

13 

157 
7 

56 

13 
i o  

2 

25 
6 

3 

115 
? 

52 
3 
20 - 

29 - 

3 

IO7 
5 

57 66.0 
3 
33 

6.2 
22.3 - 0.7 

36 
2 

32.5 
6.5 

a 6.3 

I 39 141 
6 6 

Laboratory  Sample Residue: wood p ieces ,   p lan t   deb r i s ,  sand,  stones,  gravel 

* Sample s e l e c t e d  f o r  d e t a i l e d   i d e n t i f i c a t i o n  



beak 

TABLE 13: Benthic  Macroinvertebrates - First  Order Identificatiotl 
August I977 

STATION: 15 - Hat Creek  (Surber  Sampler) 
Samp 1 e  Number 

TAXA l *  2 3 4 5 6 Samp 1 e 
Av./ 

- GROUP 3 ORGANISMS 
Ephemeroptera 25 
Trichoptera - 
Plecoptera 57 
Coleoptera 1 

GROUP 2 ORGANISMS 

Diptera 
Chironomidae 101 

Other  Diptera 2 
Turbellaria - 

GROUP. 1 ORGAN1 5MS 

Oligochaeta - 

TOTAL NO. OF ORGANISMS 186 
TOTAL NO. TAXA 5 

37 

15 
3 
- 

162 
6 
3 

4 

230 
7 

103 IO5 246 157 
7 22 a 

2 a 6 3 
- 

. 6  22 - - 

207 202 318 237 
6 a 6 6 

22.2 
1.0 

44.2 
0.5 

145.7 

3.7 
7.5 

5.3 

230 
6 

Other  Organisms in Samples:  Hemiptera - F. Corixidae - 1 

Laboratory  Sample Residue: fine  organic  debris, wood pieces,  stones, 
gravel 

* Sample  selected  for  detailed  identification 



TABLE 14: Benthic  Macroinvertebrates - Detailed  Identification,  August 1977 

LIFE Statlon No. 

TAXA  STAGE* 1 2 3 4 5 6 7 

- GROUP 3 ORGANISMS 

EPHEMEROPTERA 
F. Heptageniidae 
Rhithrogena sp. N 2 25 - 26 - 
Irunups is s p . N 
Cinygmuta sp. N 

F .  Baetidae 
Baetis sp. N 43 33 7 15 
Baetis sp. E 1 

27 40 41 

Ephem?rella sp. 1 N 
Ephemrella s p .  2 N 

9 13 7 28 1 3 IO 

Pnraleptophlebia sp. 
1 1  ID 10 

N I 
Caenis sp. N .  25 12 3 ' 5  

1 

Amletus sp. N 2 1 

- 
- - - 

- 
1 
1 6 

- - I - - - - - 

- - - - - - 
- - - - 
- - - - - 

- 
- - - 

- - 
- 

- 
TRICHOPTERA 

F.  Hydropsychidae 
Hydropsyche sp. L 27 I 3 - - 18 
Hydropsyche 'sp. P I - - - - - - 20 

Bmchycentrus sp. L " 4 - . -  - - 3 

Hydroptilidae s p .  indet. El 1 - - - 2 

Limnephilidae  sp. indet. L - - - - - 2 
Limephi 1 idae sp. indet. P - - - - - ! 

F. Brachycentridae 

F. Hydroptilidae 

F .  Limnephilidae 

- 
- - 

- 
- 



& m I L I f ' I  

TABLE 14 Cont'd: Benthic  Macroinvertebrates - Detalled  Identification,  August 1977 

LIFE Station No'. 

TAXA STAGE;: 1 2 3 4 5 ' 6  7 
- 

TRICHOPTERA Cont'd. 
F.  Rhyacophilidae 

F. Glossosomatidae 
Rhyacophila sp. 

F .  Psychomyiidae 
Agapetus sp. 

Neureclipsis sp. 

PLECOPTERA 
F. Perlidae 
Claassenia sp. 

F .  Chloroperlidae 
Has taperla s p .  
F. Pteronarcidae 

F. Perlodidae 
Pteronarcelta sp. 

Isogeenus sp. 

COLEOPTERA 
F.  Elmidae 
Narpus sp. 
Zai t zev ia  sp. 

GROUP 2 ORGANISMS 

nl PTF R A  

F. Chi ronorni dae 
S.F. Tanypodinae 
Procladius sp. 
Prvcladius sp. 

L 

L 

L 

N 

. N  

N 

N 

L 
L 

- 
P 
L - 



TABLE 1 4  Cont'd:  Benthic  Macroinvertebrates - De ta i l ed   I den t i f i ca t i on ,  August 1977 

TAXA 
LIFE S ta t l on  No. 

STAGE* 1 2 3 4 5 6 7 

DIPTERA Cont'd. 
S . F .  Chironominae 

S.F.  Orthociadi inae 
Micropsectra sp. 

Orthocladius sp. 
Cricotopus sp. 

Cardiocladius sp. 
F. Tipu i idae 
Hexatom sp. 
Antocha sp. . 
An tocha sp. 

F. Rhagl on i dae 
T ipu l idae s p .  indet .  

Atherix sp. 
F.  Empidldae 

Empididae  sp.  indet. 
Empididae s p .  indet. 

F.  Ceratopogonidae 
' Leptoconops sp. 

L .  2 

L 
L 

9 
3 

L 

L 1 
L 
P 
L 

L 2 

L 
P 

L 

- 

- 
- - 

- - 
- 

3 30 

2 
a - 
I 
6 
I 

2 
1 

3 

1 2 

- 2 
1 - 
- 1 

TURBELLARIA 
0 .  Neorhabdocoela sp. indet .  A - - - - - - 1 

NEMATODA 
Nematoda sp.  Indet. 



TABLE 14 Con t ' d :   Ben th i c   Mac ro inve r teb ra tes  - D e t a i l e d   I d e n t i f i c a t i o n ,   A u g u s t  1977 

LIFE 
S t a t i o n  No. 

. TAXA ST AGE * \ 2 3 4 5 6 7 

GROUP 1 ORGANISMS 

OL I GOCHAETA 
F. Na id idae  
F. Cumbric ldae 

TOTAL  NUMBER OF ORGANISMS 
TOTAL  NUMBER  OF  TAXA 

A 
A 

120 
. I8 15 16 16 17 14 . 20 

102 110 104 102 113 105 

5: N = nymph 
E = emergent 
L = l a r v a e  
P = pupae 

E l  = e a r l y   i n s t a r  
A = a d u l t  



TABLE 14 Cont'd: Ben th i c   Hac ro lnve r teb ra tes  - D e t a i l e d   I d e n t i f i c a t i o n ,   A u g u s t  1977 

LIFE.  S t a t i o n  No. . 
TAXA STAGE* 8 IO 1 1  13 14 15 

GROUP 3 ORGANISMS 

EPHEMEROPTERA 
F .  Heptageni  idae 
Rhithrogena sp. N - IO 2 2 
Ironopsis sp. N - - - - 8 
Cinygmula sp. N - - 13 1 

Baetis sp. N 18 30 5 4  4 26 
Ephemerelta sp. I N 4 13 I9 - 19 8 
Ephemeretta sp.  2 N - - 3 - 
Ephemeretta sp. 3 N - - - - 1 
Paraleptophlebia sp. N .  - - - 17 
Amletus sp. 13 4 I8 19 2 17 

. .  .. - - - - 
F. Baet idae 

~. 
. .  - 

- 
- 

- 
- 

N 
- 

TRICIIOPTEZ\ 
F.  t lydropsychidae 

F.  Brachycentr idae 

F. Limnephl l ldae 

Ilydropsyche sp. c - 16 - - - 
Brachycentrus 5p. L - - - 3 2 

L i m e p h i   l l d a e   s p .   i n d e t .  L - - - , I '  1 
L i m e p h i  1 ldae  sp.   indet.  P '  - 
Agapetus sp. L 8 1 - 

- 
- 
- 

- - - - 8 
F.  Glossosomatidae 

F .  Rhyacophi l idae 

F. Psychomyildae 

- I - 
Rhyonnphi.1.o c? ~ 

. .  

L ~ - 3 - - 

h'eurectipsis sp, L 2 1 .. 3 a - 



TABLE I 4  Cont’d:  Benthic  Macroinvertebrates - D e t a i l e d   I d e n t i f i c a t i o n ,  August 1977 

TAXA 
LIFE 

Sta t ion  No. 

STAGE:: a IO I I  13 14 15 

-. 

PLECOPTERA 
F .  Per1 idae 

F .  Chloroperl idae 
CZaassenia sp. 

Hastaperla sp. 
Hastaperla sp. 

F .  Perlodidae 
Isogenus Sp. 

F .  Nemour i dae 
Nemoura sp. 

COLEOPTERA 
F.  Elmidae 
Narpus sp. 
Zaitzevia sp. 

F .  Chrysopetalldae 
Calerncelta sp. 

- GROUP 2 ORGANISMS 

DIPTERA 
F .  Chironomldae 

S.F.  Tanypodinae 
Proctadius sp.  

S . F .  Chi ronomi nae 
f,Gr.wn”s.9”fm 

C ” ” ”  

N 

N 
E 

N .  

N 

L 
L 

L 

L 

L 

2 - 
1 
L _I 

I. 

2 ? 



I. I 

TABLE 14 Cont'd:  Benthic  Macroinvertebrates - D e t a i l e d   I d e n t l f l c a t i o n ,  August 1977 

TAXA 
LIFE 

S ta t i on  No. 

STAGEn 8 ' 10 I 1  13 14 15 

DIPTERA Cont'd. 
S.F. Or thoc lad i lnae 
Crico topus sp . 
Orthocladius sp. 
Cardiocladius 5p. 
Orthoc lad i inae sp. 

F. T ipu l idae 
Tipula sp. 

F. Rhagionldae 
Atherix sp. 

F. Empididae 
Empididae s p .  i nde t  

F.  Cera topogon i dae 
Leptoconops sp. 
F. Simul i idae 
Simulium sp. 

L 
L 
L 

t. L i nde 

AMPH IPODA 
F. Gammaridae 
Crangonyx sp . 

TURBELLARIA 
0. Rhabdocoela sp. indet.  

GROUP I ORGANISMS 

OLIGOCHEATE 
F. Lumbrlcidae 

- 1 2 



TABLE 111 Cont'd:  Benthlc  Macroinvertebrates - D e t a i l e d   I d e n t i f i c a t i o n ,  August 1977 

TAXA 
LIFE S t a t i o n  No. 

STAGE:! 8 IO I I  13 14 15 

TOTAL NUMBER OF ORGANISMS 
TOTAL NUMBER OF TAXA 

91 N = nymph 
E = emergent 
L - larvae 
P = pupae 
A = adul t  



.I 

APPENDIX F 

Computer  Program O u t p u t  for Stomach Content Analysis 



UUTE:  SEPTEhBER 309 1976 
SITE: BONAPARTE RIVER STATION 1 

SAHPLE  SIZE: 5 
LENGTY  CATEGORY: 51-100 MM 

Nd. OF EMPTY STOMACHS: 0 

OCCURRENCE LUPEr ICAL VOLUMETi4IC ACTUAL ACTUAL 
FOOD ITEM ( 0 4 )  (6) ( % I  NUEHER VOLUME 

FQEQUE:.ICY 

U N I O E N T I F I E D  ANIMAL 100.00 ****** 
E?HEMEROPTERA ( N )  60.00 14. ti9 

26.32 **<~** .10 

T2ICHCPTEEA ( L )  60.00  31.91  21.05 1s . Od - 0 4  

OIPTERA IC) 
OIPTERA  (P)  

40.00 10.64 7.89 5 
40.00 

03 

HCMIPTERA (A) 
4.26 5-26 

40.00 8.51 
2 

7.99 
.02 

&‘;EHPTODP 40.00 
4 

4.26 
03 

L’IPTERA ( E )  
5.26 

20.00 
2 

6.38 
.02 

2.63 
HYNENOPTERA 

3 
20.00 

.01 
2.13  2.63 

C3LECPTERP (L) 20.00 2.13 
1 .01 

2.63 
IIJSECTA 20.00 

1 .01 
12.77 5.26  

QLECOPTERA ( !I)  
6 

20.00 
.02 

2.13 2.63 1 .Ol 

TOTAL- 47 .30 

”””””“”“”””“”““”””-“”””””””””-..”””““”- 
10.53 7 

””-,”””””” 



beak 

SITE: HAT CHEEK S T A T I O N  5 

NO. OF EMPTY  STOMACHS: 0 
SAHPLE  S IZE:  1 0  
LENGTi! CATEGORY: 51-100 M Y  
D4TE: SEPTEH6ER 29, 1976 

FQEQUENCY 

FOOD I T E M  (s;) ( % I  (061 
OCCURRENCE IWFEFIICAL  VOLUMETRIC AC? UAL ACTUAL 

NUFIBER VOLUME 
.................................... 

U d I U E N T I F I E D   A N I M A L  
EP!iErEROPTEHA ( P i )  
DI?TERA ( E )  
NEMATODA 

PLECOPTERA fN) 
IqSECTA 

OIPTERA ( L )  
HYMENOPTERP 
DIPTERA 
LEPIDOPTERA (3 . )  

TOTAL- 

100.00 
40.00 
20.00 
20.00 
20.00 
20.00 
10.00 
10.00 
10.00 
10.00 

***e** 
31.58 
13.16 
13.16 
10.53 
7. a9 
2.63 
2.63 
15.79 
2.63 

40.00 

5.71 
5.7.1 
5.71 
8.57 
2.66 
2.86 
S.71 
5.71 

17.14 
*** ** .14 

12 .06 
5 .02 
5 
4 

.02 

3 
.02 
e 0 3  : 

1 
1 

.01 

.Ol 
6 .02 
1 .02 

38 .35 
””””””””_ 

( A ) -  ADULT 

( N ) -  NYMPH 
( E l -  ESERGENT 

(PI- PUPAE 
( L )  - LARVAE 
**e***- NOT APDLICABLE 



beak 

a 

'3. 

1 

S I T E :  HAT CREEK STATION 6 

LENGTH.  CATEGORY: 0-50 Nhl 
DATE:  SEPTEWBER 2 9 ~  1976 

NO. OF EMPTY STOMACHS: 0 
SAHPLE SIZE: 1 

OCCURRENCE NUMERICAL  VOLUMETRIC ACTUAL ACTUAL 
FOOD I T E t i  ( 8 )  (SI NUFldER VOLUHE 

FREQUENCY 

""""""""""""~""""""""""""""""".""""""~ 
UI-I IDENTIFIEO  4NIM4L 100 .00  0.  50.00 **+** .01 

100.00 0. 5 0 . 0 0  **c.** .01 

TOTAL- 0 .02 

OETHITUS ""-."""""" 

(1)- 4DULT 
( E ) -  EMERGENT 



beak 

I 

I 

I 

I 

r 

I 

S I T E :  HAT  CREEK STATION 6 

LCFJGTH CATEGORY: 51-100 MY 
04TE:  SEPTEVSER 29, 1976 

SAMPLE S I Z E :  9 W. OF Et4PTY STOMACHS: 0 

FREQUEIUCY 
OCCURRENCE NUHEk?ICAL  VOLUWETHIC  AC?UAL  ACTUAL 

FOOD I T E n  ( % I  (SI (‘6) NUklklER  VOL!JMC 

UNIUENTIF IEO  ANIMAL 
EPHEMEROPTERh ( c v )  

100.00 Q*Q*QQ 56.52 
44.44 55.00 21.74 

.13 

(I;EnATODA 
1 1  

22.22 
.05 

HYMENOPTERA 
10.00 8 .70  2 

11.11 
.02 

5.00 
INSECTA 11.11 25.00 

4.35 
4.35 

1 .01 

PLECOPTERP ( Y )  
5 .01 

11.11 5.00 4.35 1 .01 

TOTPL- 20  .23 

””””””””””””””””””---””””-””””“-.“”””””~ 
***.** 

””-,”””””“ 

( A ) -  ADULT 
( € 1  - EMERGENT 
(N)- NYMPH 
( P I -  PUPAE 
( L )  - LARVAE 
******- NOT APPLICABLE 



a 

beak 

3 

I 

S I T E :  H 4 T  CHEEK STATION 6 

LEtdGTH CATEGORY: 101-150 M Y  
OAT€:  SEPTE-IBER 2 9 ,  1976 

30. OF EMPTY  STONACHS: !I 
SAMPLE S I Z E :  2 

FREOUEI..ICY 
OCCURRENCE INUMEI~ICGL  VOLUMET2IC  AC"UAL  ACTUAL 

FOOD ITEK ( % I  ( % )  ( % )  NU*ruER VOLUME 

U N I U E N T I F I E D  ANIMAL 100.00 
CPHEYEROPTERA (N) 

*****e 50 .00  *e<t*4 

50.00 
.02 

TdICHOPTERA ( L )  
50.03 25.00 1 .01 

50.00 50.00 25.00 1 .Ol 

z .04 

"""""~""""""""""""""""""~""""~"."~""""" 

TOTAL- 
"".""""""_ 

( a t -  ADULT 
( E )  - EME9GENT 
( N ) -  NYVPH 
(P) - PIJPAE 

**a***- NOT APDLICPYLE 
( L ) -   L A R V 4 E  



beak 

DATE: SEPTEMaER 281 1976 
S I T E :  HAT CHEEK STATION 7 

LENGTH  CATEGORY: 0 - 5 0  HM 
SAMPLE S I Z E :  2 
N3. OF EMPTY STCJMACHS: 0 

FE(E(3UEiilCY 
OCCURRENCE NUMERICAL  VOLUMETRIC  ACTUAL  ACTUAL 

FOOD I T E M  1 % )   1 % )  1 % )  NUMaER VOLUME: 
.................................... 

UVIOENTIF IEC  ANIMAL 
EPHEWEROPTEHA ( N )  100.00 40.00 4 .02 

lOO.00 
1 

.02 

.01 

TCITAL- 5 .os 

ao.oo 
* * * *e9  

i ? I ~ T E F i A  ( P )  so. 0 0  20.00 20.00 
LO.00 ***** 

""""""""- 

( A ) -  ADULT 
( E )  - EVEC?GENT 
( N ) -  NYMPH 
( P ) -  PUPAE 

***e**- NGT APPLICABLE 
I L )  - LARVAE 



beak 

S I T E :  HAT CREEK STATION 7 

LE.UtTh  CATEGORY: 51-100 M U  
UTE: S E P T ~ W E R  28. 1 9 7 6  

S c W L E  S I Z E :  5 
h g .  OF EMPTY STOMACHS: 0 

OCCUQRENCE N u M E R I C ~ L  VOLUMCTRIC  AClUAL  ACTUAL 
FOOD I T E M  (%I ( $ 1  ( % )  NUt'3ER VOLUME 

FDEOUE4dCY 

""""""""""""""-""""""""""""""".~"""""" 
W ~ I O E N T I F I E D   A N I M A L  1 0 0 . 0 0  400444 53.85 4**04 - 0 7  

T i I C H O P T E R A   ( L )  
40.00 2a.57 15.38 2 
20.00 1 4 . 2 3  

.02 
7 . 6 3  

20.00 
1 

1 4 . 2 9  
. 0 1  

V I P T E R A  ( A )  70.00 
7.67 1 .01 

EPHEWEROPTEH4 ( E )  20.00 14.29 7 . 6 9  1 
2 . 0 1  

.01 

7 .13 

G S T ~ A C O D A  

I .USECTA 
2 8 - 5 7   7 . 6 9  

TOTAL- 
""""""""_ 

( A I -  ADULT 
( E  1 - EMERGENT 
(N1-  NYMPH 
( P ) -  PUPAE 

******- NOT APDLICAt3LE 
( L )  - LARVAE 



a 

i 

beak 
. .  

S I T E :  HAT CREEK STATION 7 
D q T i :  SEPTEi.(SER 239 1 9 7 6  
LEFjCTH  CATEGORY: 101-150 *1N 
SA?&€ S I Z E :  9 
NO. OF EMPTY STOMACHS: 0 

OCCURRENCE &CrMEHICAL V O L U Y E T ~ ~ I C  ACTUAL ACTUAL 
FOOD ITEM ( % I  (8) ( % I  NU:IYER VOLUME 

FSEOUENCY 

...................................... 

U N I D E N T I F I E D  ANIMAL 77.78 ****** 3 9 . 6 8  
NEHATODP 44.44 28.57 6 . 3 5  
Ii.rSECTA 33.33 

6 .04 
19-05, 4.76 

?IINERPL. 
4 

3 3 . 3 3  
.03 

15.87 I)*.*** . l G  
t3iPTEHA (L l  

4.76 
2 2 . 2 2  

3 -03 

dSMIPTER4 ( 4 )  2 2 . 2 2  
9 . 5 %  3.17 2 

14.2Y 3 . 1 7  3 . 0 2  
.O? 

$JETHITUS  22 .22  **UU*Q 17.46 *e+** .ll 
T3ICYOPTERA (L l  11.11 4.7b 
riYHENOPTEPA 

3 . 1 7  
11.11 '3.52 1 . 5 9  2 .01  

1 ' .  .oz 

2 1   - 6 3  

* Q , E Q *  .25 

*uuc** 
E?~+EHERO+TERA (N) 22.22 14.29 

TOTAL- 
"".""""""_ 

( A )  - ADULT 
(E)- EMERGENT 
(NI- NYMPH 
( P ) -  PUPAE 
( L l -   L A R V A E  
**e***- NOT A't'PLICPIiiLE 



* 
S I T E :  HAT  CREEK STATION 7 
U4TE:  SEPTEMBER 2.87 1976 

IUO. OF EMPTY  STOFACHS: 0 
S A 4 P L E   S I Z E :  1 

.. LENGTH  CATEGOQY: 151-200 M M  

I 

OCCURRENCE NUMERIC4L  VOLUMETRIC  AC'ruAL  ACTUAL 
FQEOUENCY 

FOOD ITEM (8) (6) (8) NUMBER VOLUME 
I 

U Y I D E N T I F I E D   A N I M A L  100.00 
T~IcHOPTEPA ( L )  

7 6 . 9 2  QQ'+*Q .IO 
100.00 40.00 7 . 6 9  2 

HYMENOPTERA 
.01 

100.00 
NEPlRTODP 

40.00 7.69 2 
100.00 

..o 1 
20.00 7 . 6 9  1 .Ol 

5 .13 

""""""""""~""""""""""""""""""~.""""""" 
****** 

I 

TOTAL- 
"".""""""- 

1, 

( A ) -  ADULT 

( N ) -  NYMPH 
(E) - EYERGENT 

( P ) -  PUPAE 

******- NOT APrL ICPt lLE  
( L )  - LARVAE 



SITE: HAT  CREEK S T A T I O N  10 

LENGT'I  CATEGORY: 0-50 M U  
iJ4TE:  SEPTEMGER 281 1976 

NO. OF EMPTY  STOMACHS: 0 
SA\riPLE SIZE: 1 

FREOCIEFICY 

FOOD I T E M  
OCCURRENCE "IUMEQICAL  VOLUMETRIC AC"UAL ACTUAL 

( % I  ( 8 )  ( % )  N U W E P  VOLUME """""""""""""""~"""-""""""""""-.""""""- 
iPHEMEROPTkR4 (N)  1 0 0 . 0 0  1 0 0 . 0 0  100.00 3 .03 

3 . 0 3  TOTAL- 
"".."""""" 



beak 

i 

SITE: H A T  C I ~ E E K  STLITION I O  

* LENGTH  CATEOOSY: 51-100 MY 
OAT€: SEPTEMSF-R 2 8 ,  1976 

SAMPLE SIZE: 1 1  
F;O. OF E M ~ T Y  STOMPCHS: 1 

I FREQUE'dcY 

OCCURRENCE NUMEHIC4L VOLUHETHIC ACTUAL  ACTUAL 
FOOD I l E M  ( % )  ( % )  ( % )  NUIldER VOLUME 

I 
UAIDENTIF IEO  ANIMAL 72.73 ****a* 53.45 o*<toa -3 1 
"""""""""~"~""""""~"""""""""""-.""""""" 
EPHEMEROPTEQA ( N )  54.55 51.16  20.69 22 .12 
THICYOPTERP  (L )  

. TOTAL- 

27.27 
27.27 
27-27 
9.09 ~~ 

9.09 
9.09 
9.09 
9.09 

( A ) -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P ) -  PUPAE 

**e***- NOT A?PLIC4BLE 
(L)  - LARVAE 

9 . 3 0  5.17 4 -03 
lb.29. 

9.30  
.6.90 
5.17 

7 .04 

4.65 1.72 
4 
2 

.03 

.01 
4.65 
2 . 3 3  

1.72 .i! .Gl 
1.72 1 

*****a 1.72 **I.** .a1 
.01 

2.33  1.72 1 . G 1  

4 3  -58 
""-."""""" 

1 



beak 

S I T E :   H A T  CREEK S T A T I O N  10 

LEl\iGTH  CATEGORY: 101-150 HM 
UATE:   SEPTEkaER 28, 1975 

big. OF EMPTY STOMACHS: 0 
SaMPLE SIZE: 7 

FREOUENCY 
OCCUR2ENCE NUhERIC4L  VOLUMETUIC  AClUAL  ACTUAL 

FOOD ITE i4  ( 8 )  (-6) 1 % )  NUFltlER  VOLUME """""""""""""""""""""""""""""..""""""- 
U id IOENTIFIED  AF i IMAL 5 7 . 1 4  ,A***** 26.0'4 
DIPTERA I L )  57.14 

*os.** .18 

n I N E R A L  42.86 *O+OQQ 

18-18 
44.93 
5.80' k 04 

t I5MIPTERA ( A )  28.57  27.27 4.35 6 .03 
e 3 1  

NEMATODA 
TAICHOPTERA ( L )  

28.57 13.64 
14.29 

2.90 
4.09 

3 
1.45 2 

.02 

Ix!SECTA 
.c1 

14.29 
PLECOPTER.4 ( h ! )  

13.64 2.93 d 7 

14.29  4.55 
. O? 

1.45 
OIPTEHA ( P )  14.29 9.09 2 .Ol 

1 
1.45 

.01 

dET%ITL!S 
COLEOPTERA ( A )  

14.29 *QY**)Q 7.25 * Q Q U *  

14.29 
. 0 5  

4.55 . 1.45 1 .Ol 

TOTAL- 27 . b9 

P O * * *  

""""""""- 

( A ) -  ADULT 
( E )  - EMERGENT 



SITE: HAT CGEEK STATION I n  

LENGTY CATEGORY: 151-200 Y M  
SAMPLE  S IZE:  3 

JATE: SEPTEMBER 289 1 9 7 6  

i * > .  OF EMPTY STOMACHS: 9 . 

FI?EOIIE:.!CY 
OCCURRENCE NUI*Et?IC4L V0LUWET;IIC ACTUAL  ACTUAL 

FOOD I T E H  (54) ( $ 1  ( % )  NUI43ER VOLUME """"""""""""""'-"""""""""""~"~.""""""" 
UNIDEYTIFIED ANIMAL 100 .00  444900 72.00 0*i>44 .54 
IJIP'TE2A ( 4  I 66.67  47 .  G6 14.67 d 
MINEPAL  h6.67 *Y* * *Q 4.00 49ii04 

.ll 
e 0 3  

1 
11.76   1 .33  2 

*01 
.01 

3 .01 

1 1 . 7 6 .  1.33 2 
1 .03  

.O1 

L7  .75 

5-68 1.33 

17 .65  I .33 
5 . m  4.00 

"".. """""" 

cPH<*iEROPTERA (N)  33.33 
H L ~ I P T E R A  ( 4 )  3 3 . 3 3  
C ~ L E O P T E R ~ .   ( L )   3 3 . 3 3  
I.eSECTA 
COLEOPTERA ( 4 )  

3 3 . 3 3  
3 3 . 3 3  

TOTAL- 



beak 

... 
S I T E :  H A T  CREEK STATION 10 
OUTE: SEPTEMHER 289 1976 
LCNGTH  CATEGORY:  GREATER THAN 2 0 5  IYH 

I 
SA?lPLE SIZE: 2 
:.io. OF EHPTY STOVACHS: 0 

c 

.I 

/- 

m 
L. 

m 

OCCURRENCE I W M ~ I C A L  VoLuHETqIc  Ac'ruaL ACTUAL 
F!?EQUENCY 

F O O D  I T E M  ( % )  (H I  ' ( % I  NUiI8ER VOLUME 

UNIOENTIF IED  ANIMAL 100.00 
TRICrtOPTERA (L) 50.00 

****** 42 33 .)*OQX .a0 
19.40 1.06 13 

l j i P T E R n  (L) 50.00 1.43 .53 1 
.02 

~ 5 M I P T E R A  ( A )  
.Ol 

?tYHENO?TERB 
50.00 
50.00 

7.46  1.06 5 .02 
1.49 

IuE~ATODA 
.53 

5 0 . 0 0  
1 

5.97 
.01 

INSECTA. 
.53 4 

50.00 
.01 

4.43 
0IPTEF)P ( A )  50.00 

1.06 3 .oz ' 

59.70 
I ~ I N E ~ A L  

26.46 
50.00 

40 
***e** 26.46 **o** -50 

.50 

""""""""""""""""""""""""""""".""""""" 

TOTPL- 
"".."""""" 

67 1.89 

( a ) -  POULT 
(E) - EMERGENT 
( N ) -  NYMPH 

( L I -  LARVAE 
( P ) -  PUPAE 

*****e- NOT APPLICJ3LE 



a 

z 

m 

d 

beak 

S I T E :  HAT CREEK S T A T I O N   1 0  
04TE: SEPTEWYER 289 1976 
LCtdGTH CATEGORY:  GREATER THAN 200 iMb! 
S A W L i   S I Z E :  2 
:.IO. OF EMPTY  STOYACHS: 0 

UCCIJPREFICE I N U ~ E R I C A L   V O L U H E T Y I C   A C ~ U A L   A C T U A L  
FQEOUENCY 

FOOD I T E M  ( % I  (H I  ( % I  NU>lt?ER VOLUME 
""""""""-"""""""""""""""""""""."""-""" 
U N I D E N T I F I E D   A N I M A L   1 0 0 . 0 0  ****** . 4 2 . 3 3  ***,** .80 
TRICdDPTEEA (LI 50.00 1 9 . 4 0  1.06 13 .02 
LIIPTEPA ( L )  50.00 1 . 4 9  .53 
. IrlyIPTERA ( 4 )  5 0 . 0 0  5 L 02 

1 
7.46 

.Ol 
1 . 0 6  

HYNENOPTERA 
IuENATODA 

50.00 1-49 .53 1 .01 
5 0 . 0 0  5.97  .53 4 - 0 1  

 INSECT^ 
O I P T E 2 4  ( A )  50.00 

50.00 4.43 1.06 3 .02 
59.70 

L.:IFiEP?4: 50.00 ****** 
26.46 40 .5a 
'26.46 . .  ****e .50 

TOTAL- 
""""""""_ 

67 1 .89  

( 4 ) -  ADULT 
( € 1  - EMERGENT 
( N I -  NYMPH 
( P ) -  PUPAE 
I L ) -  LARVAE 
***e**'- NOT i iPPLICASLE 



beak 

a 

c 

a 

SITE:   HhT CREEK S T A T I O N  1 4  ' 

LENtiTH CnTEGOQY: 0-50 MM 
OaTE:  SEPTEn8ER 299 1976 
" ~ 

51fiPl-t SIZE: 2 
. . ~~ 

N O .  OF EMPTY  STOYACHS: 0 

OCCURRENCE NUME*ICAL  VOLUMETRIC  AClUAL  ACTU4L 
FOOD I T E M  (5) ( % )  ( 5 )  'Nu~lrlER VOLU!4E 

FPEQUENCY 

"""""""""""""""""""""""""""""-.~"""""" 
UNIDENTIFIEO  ANIMAL 100.00 
EPHEMERoPTEHS ( N )  5 0 . 0 0  40.00 

44.44 
11.1.1 2 

.@4 

TttICHOPTERh (L) f O . D O  20.00 11.11 1 
.01 

i ) IPTEHA  (L )  
.Ol 

50.00 20.00 11.11 1 
OSTilaCCIDA 50.00 20.00 11.11 1 

.01 

.*lIFIERAL 
.01 

5 0 . 0 0  a****+ 11.11 ***** .OL 

5 .09 

9 9 4 9 4 4  **a 49 

TOTAL- 
"""""""".. 

( 4 ) -  ADULT 
( E l -  EMERGENT . 

(PI- PUPAE 

****e*- NOT APrL ICA6LE 
( L )  - L4RVAE 

. ( N ) -  NYMPH 



. beak 

S I T E :  HAT CHEEK STATION 14 

LEXGTrl C4TESORY: 51-100 M M  
unTE:  SEPTEUSER 29, 1 9 7 5  

N 3 .  OF EYPTY STOMACHS: 1 
SAMPLE S I Z E :  8 

FREOUENCY 
OCCURRENCE NUY 

FOOD ITEM ( $ 1  
E T R I C  ACTUAL A t  

NUMdER V O  1LUME 
TUAL 

75.00 
5 0 . 0 0  

?5.00 
2 5 . 0 0  5.26 

5.26 
12.50 
12.50 

2.53 
2.63 

12.50 
12.50 

2.63 
2.63 

12 .50  2.63 
2.63 

****** 
73 .60  

12 .50  

( A ) -  4DULT 
( E )  - EMERGENT 
(14) - NYMPH 
( P I -  PUPAE 

**e***- NOT APPLICPSLE 
( L ) -  LAKVAE 

57.45 
13.1s 

4.26 
4.26 
2.13 
2.13 
2.13 
2.13 
2.13 
4.26 

*Q<b**  

28 -09 
.27 

2 .02 
2 .02 
1 
I 

. c 1  

.01 

1 
1 .01 

1 
.01 
.Ol 

1 .c2 

38 . 4 i  
"C""""""" 



beak 

S I T E :  HAT CiiEEK S T A T I O N  14 

LENGTH CATEGORY: 101-150 PIH 
0 4 T E :  SEPTE+IaER 299 1976 

SWPCE S I Z E :  5 
N O .  OF EMPTY STOMACHS: o 

FREQUENCY 
OCCURRENCE WMERICAL  VOLUnZT41C ACTUAL ACTUAL 

FOOD I T E M  (31 '  (a1 (%I  NUMBER  VOLUME """""""""""""""""""""""""-""""""""""- 
Uo'4IOENTIFIED  ANIMAL 100.00 ****e* 
EPHEVEROPTERA (N) 60.00 

62-96 ***** 
67.24 11.11 39 

.34  

CdLEOPTERA ( L )  60.00 5.56 8 .03 
. n6 

,13.79 
DIPTERa (L1 40.00 
HYHENOPTERA 

3.45' 
40.00 6.90 

3.70 2. - 0 2  

d5HATODA 
7.k1 4 

40.00 
.04 

TRICHOPTERA I L )  20.00 
3.45 3.70 2 .02 
1.72 ' 1.85 

PLECOPTERP ( N )  20.00  1.72 1.85 
1 .01 

C O L E O P T E R A  ( A )  20.00 1.72 1.85 1 
1 .Ol 

.Ol 

!j 8 .54 TOTAL- 
""_."""""" , 

( 4 ) -  ADULT 
( E l -  EMERGENT 

( P I -  PCIPAE 
(N1- NYI.!PH 

*e****- NOT APPLICRBLE 
(L1 - LARVAE 



beak 

S I T E :   H A T  CREEK  STATION 14 

LENGTH  CATEGORY: 151-200 W 
OdTE:  sEPTE!~BER 2 9 .  1976 

N9. OF EHPTY  STOMACHS: 0 
S4MPLE  S IZE:  6 

, .  . 

OCCURRENCE NUMERICAL  VOLUMETRIC ACTUAL ACTUAL 
FOOD I T E M  (n6) ( % )  (5) NUkYER VOLUME 

FQEQUEMCY 

"""""""""""""""""""""""""~"""""""""-~- 
J N I D E N T I F I E U   A N I M A L  

EPHEMEROPTERA ( N )  
UIPTERA ( L )  

CULEOPTERh (L) 
3fPTERA (PI 

HYtlENOPTEPA 
~ E M I P T E R A  ( b )  
FLECOPTEHA (N) 
USTHOCODA 

i.rEHATOGA 
TRICHOPTERA ( L l  

OETKITUS 
MINERAL 
ARACHNO I OEA 

TOTAL- 

100.00 
100.00 
83.33 
56.67 
6h .67  
50.00 
33.33 
33.33 
33.33 
16.67 
16.67 
16.67 
16.67 
16.67 

( A ) -  ADULT 
( E )  - EMERGENT 

( P I -  PUPAE 
( N ) -  NYMPH 

4*44**-  NOT APPLICABLE 
( L ) -  LARVAE 

4411444 

19.49 

22s.88 
8.47 

2 2 . 8 8  
17.80 

2.54 
1 - 6 9  

1-69 

.e5 
65 

*4*;r4* 

. 8 S  
9*4*4*  

71.04 
5 . 4 6  
2.73 
2.73 
3.28 
3.28 
1.09 
1.09 
1.09 
.55 
.55 
.55 

5-46 
1.09 - 

*e449 1.30 
23 
10 

.10 

.05 
27 
27 

05 
.Ob 

21 06 
2 .Ot 
3 
2 

.O2 

.02 
1 .01 
1 .01 

.01 

.10 
1 .02 

118 1.83 

a411w4 
4 4 * , b 4  

.""."""""" 



beak 

S I T E :  H4T CREEK STATION 14 
DATE:  SEPTEWSER 2 9 .  1976  
LC.F!GTH CATEGORY: GREATER TH4N 2 0 0  hI4 

FREOIJENCY 

FOOD I T E M  
OCCURRENCE NUMEHICAL VOLUMETRIC AC‘Tu4L ACTU4t 

( 5 )  (‘6) ( % )  NUbldER VOLUME 
”””””~”””””””””””””””””””””“““~““””~“” 

UNIDENTIFIED ANIMAL 100 .00  e***** 
HEMIF’TER4 ( 4 )  1 0 0 . 0 0  6.63 7 .I1 

78.31 
14.58 

***** 1.30 

CULEOPTERB I L )  100.00 6 . 2 5  1.81 3 
Te ICHaPTERA  (L )  

.03 

uIPTEHP ( L )  
50.00 
50.00 

2.08 .60 
4.17 1.20 

1 .Ol 
2 

OIPTEHA ( P I  
. 0 2  

50.00 47.92 
ilYt4ENOPTERP 50.00 4.17 1.20 

1.25 25 . 9 2  
3 

N L C I ~ ~ T Q O A  5 0 . 0 0  1 0 . 4 2  .60 5 
.02 

INSECTA 
.O1 

50.00. 4 .17  - 6 0  2 
PLECOPTERA IN) 50.00 2.08 .60  1 

. 0’1 

HIrJEFiAL 50.00 **+*** 6 .  a2 e**** 
.Ol 

C~LEOPTERA ( A )  5 0 . 0 0  ’ 2.08 
.10 

aT\IPLVIA 
-60 

50.00 2.08 1 .01 
1 

.60  
.01  

48 1.66 

- 

TOTAL- 
”””“”““”_ 

( A )  - ADULT 
( E )  - EYERGE’\IT 
( N ) -  NYMPH 
(PI- PUPAE 
IL) - L4RVAE 

**E***- NOT APPLICABLE 



I 

beak 

JUNE 1977 



e 

1 

I 

L 

m 

S I T E :  BONAPARTE RIVER  STATION 1 
D4TE:  JUNE 149 1477 
LENGTH CATEGOHY: 0-50 MH 
SAMPLE S I Z E :  2 
bo. OF EMPTY  STOMACHS: 0 

F?EQUENCY 

FOOD I T E M  
OCCURRENCE NUMERICAL  VOLUMETRIC  ACTUAL  ACTUAL 

(81 (B)  (3a) NUMibER VOLUME 
"""""""""""""""""""""""""""""","""""" 

U N I D E N T I F I E C   P N I H A L  100.00 22.22 *(bo*.* 
EPHEMEHOPTERA (N)  1 0 0 . 0 0  75.00 

.02 

D I P T E R A  ( L )  
44.44 9 0 4  

THICHOPTERd ( L )  
100.00 

5 0 . 0 0  
16.67 22.22 
8.33 11.11 

2 .02 
1 . a i  

1 2  -09 

****** 

TOTAL- 
""","""""- 

( A ) -  ADULT 

( N ) -  NYMPH 
( E ) -  EMERGENT 

(P)- PUPAE 

***QQ*- NOT APPLICABLE 
( L ) -  LARVAE 

m 

a 



beak 

S I T E :  BONPPARTE R I V E R   S T A T I O N  1 
DATE: JUNE 147 1977 

.I LENGTH CATEGORY: 51-100 MM 
SAMPLE S I Z E :  2 
NO. OF EMPTY STOMACHS: 0 

OCCURRENCE N U M E ~ I C A L  VOLUMETRIC  ACTUAL ACTUAL 
FREQUENCY 

FOOD I T E M  ( H )  ( % )  ( 8 )  NUMBER  VOLUME - """""""""~"""""""""-""""""""""""""""" 
UNIDENTIF IED  ANIMAL 1 0 0 . 0 0  
EPHEHEROPTEHA ( N )  100.00 85.00 

15.38 **OD* 
69.23 1 7  

.02 

PLECOPTERA I N )  
09 

50.00 15.00 15.38 3. .02 

2 0  .13 

Q**O**  

1 

TOTAL- 
""""""""_ 

( A )  - ADULT 
( E )  - EMERGENT 
(N)  - NYMPH 
( P I -  PUPAE 
( L ) -  LARVAE 
Q**Q**-. NOT APPLICABLE 



beak 

S I T E :  BONAPARTE RIVER  STATION 3 
DATE:  JUNE 141 1977 
LENGTH  CATEGORY: 0-50 MW 
S4MPLE S I Z E :  3 
NO. OF EMPTY  STOMACHS: o 

OCCURRENCE NUMERICbL  VOLUYETRIC  LCTllAL  ACTUAL 
FOOD ITEM 1%) 1 % )  ( % I  NUMiIER VOLUME 

FREQUENCY 

""""""""""""""""""""""""""""""."""""" 
UNIDENTIFIED ANIMAL 100.00 c***9* ***<I* .03 

~~ ~ 

21.43 
EPHEMEROPTERA I N 1  100.00 
TRICHOPTERA ( L )  

87.50  64.29 14 
33.33 6.25 

.09 
7.14 

33.33 6.25 
' 1  .01 

7.14 1 .Ol 

1,6 . .14 

D I P T E R A  I L )  

TOTAL- 
"""."""""- 

( A ) -  ADULT 
( € 1 -  EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 

******- NOT APF'LICABLE 
(L)  - LARVAE 



m 

L 

S I T E :   H A T  CREEK STATION 5 
S.4TE:  JUNE 14, 1477 
L ~ N G T H  CATEGORY: 51-100 MM 

iNU. OF EMPTY STOMACHS: 0 

- 
.SAMPLE S I Z E :  8 

P 

OCCURRENCE NUHERICAL  VOLUMETRIC ACTUAL ACTUAL 
FREQUENCY 

FOOD I T E M  ( % )  (%)  (SI 

UVIDENTIFIEO  ANIMAL 
EPHEEEROPTERA (N) 

100.00 
75.00 

*Q**** 21.54 
44-09 

& Q O Q *  

46.15 
14 

THICHOPTERA I L )  
41 -30 

'I. 37.50 
OIPTERA ( L )  

8.60 
37.50  37.63 

9.23 8 06 

IVEHATJDA 37.50 
3s . O R  

EFnEHEROPTEH4  (€1 
5.38  4.62 5 

12.50 
.03 

3 . 2 3  
IVSECTA 

4.62 
12.50 1.08 1.54 1 

3 -03 
.Ol 

93 -65 

r 
NUIIBER VOLUME 

-.""""""""""""""""""""""""""""".""""""- 

12.31 

Q 

TOTAL- 
"".."""""" 

I 

1 

( A )  - ADULT 
( E )  - EMERGENT 
I N ) -  NYMPH 
1P)-  PUPAE 
(L)  - LARVAE 
QQ**QQ- NOT APsLICABLE 

a 



beak 

il 

U 

il 

I 

S I T E :  HAT  CREEK STATION 5 
DATE:  JUNE 14, 1977 
LENGTH  CATEGORY: 101-150 MY 
SAMPLE S I Z E :  5 
NO. OF EMPTY  STOMACHS: 0 

FQEOUENCY 

FOOD I T E M  
OCCUG'RENCE NUMERICAL  VOLUrlETRIC  ACTJAL  ACTUAL 

( % I  ((6) ( 0 s )  NUH3ER VOLUME 
"""""""""""""""""""""""""""""-,"""""-" 

UNIOENTIF IED  ANIMAL 100.00 o***o* 
IJIPTERA ( L )  10.0.00 

28.50 
27.69 

* * * B O  1.20 

TRICHOPTERA ( L )  
3 .56  

80.00 8 .46  
36 15 

2.14 
EPHEMEROPTERA (N) 60.00 4 4  62 

11 09 

NEMATODA 
61 - 5 2  58 2.59 

60.00 
PLECOPTERA ( N )  

8 . 4 6  71 1 1  03 

COLEOPTERA ( L )  
40.00 3 .  ti5 .95 5 .04 
40.00 3.08 

HYMErlOPTERA 
1.19 4 

20.00 .77 
.os 

ANNELIDA 20.00 
- 2 4  1 .dl 

AHACHNOIOEA 20.00 
.77  .71 1 .03 
.77 

D I P T E R A   ( P )  20.00  1.54  -24 . 
- 2 4  1 .Ol 

2 .01 

130 4.21 TOTAL- 
""""""""_ 

( A ) -  ADULT 
( E l  - EMERGENT 

( P I -  PUPAE 
( N ) -  NYHPH 

( L ) -  LARVAE 
*O** * * -  NOT APPLICABLE 



rl 

1 

L 

U 

S I T E :  HAT CREEK STATION 6 
DATE:  JUNE 
LENGTH  CATEGORY: 51-100 MH 

16, 1977 

SAMPLE S I Z E :  10 
NO. OF EMPTY STOMACHS: 0 

OCCURRENCE #UMERIC4L VOLUMETRIC ACTL,AL ACTUAL 
FSEQUENCY 

FOOD I T E M  ( % I  ( 8 )  ( % I  NUMEER  VOLUME 
”“”“”””””””“””””””””””””“””””“,”””””“ 

U N I D E N T I F I E O  ANIMAL 
EPHEMEROPTEHA ( N )  

100.00 
90.00 56.90 

33.33 ***** 
33.33 

.19 

UI?TERA ( L l  - 50.00 ‘3 
13.79 

e 1 8  
11.11 

TRICHOPTERA ( L l  40.00 15.52 
8 06 

12.96 9 
.NEMATODA 20.00 3.45  3.70 2 

.07 

PLECOPTERA LN) 10.00 
.02 

INSECTA 
3.45 

10.00 
1.85 2 .01 

1.72 
OIPTERA ( E l  10.00  1.85 3 

1.85 
5.17 

1 .01 
.Ol 

E, 8 .54 

****** 

TOTAL- 
”””,””””“.. 

( A )  - ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 
(L1.- LARVAE 
***e**- NOT APPLICASLE 



rl 

S I T E :  HAT  CREEK STATION 6 
DATE:  JUNE 169 1977 
LENGTH  CATEGORY: 101-150 MM 
SAMPLE S I Z E :  5 
NO. OF EMPTY STOMACHS: 0 

FREQUENCY 
OCCURRENCE NUMERICAL VOLUMETRIC ACTUAL ACTUAL 

FOOD I T E M  ( % I  ( % I  ( % )  WMiiER VOLUME """"""~"""~""~"""""""""""""""""~."""""" 
U N I D E N T I F I E D   A N I M A L  100.00 **I)*** 35.09 ***1t*  

TRIZHOPTERA (L) 
.20 

OIPTERA ( L )  
24.56 I. 3 14 

EPHEMEROPTERA (N) 
15.79 I. 4 

60 00 15.79 
09 

PLECOPTERA ( N )  20.00 2.63 
10.53 
5.26 

6 - 0 6  

NEMATODA 
1 

20.00 .2.63  1.75 
-03 

DIPTERA (E) 20.00 
1 .01 

MINERAL 
5.26  1.75 2 .01 

20.00 ****** 3.51 
COLEOPTERb ( A )  20.00 . 2.63  1.75 1 

.02 

.01 

TOTAL- l'8 .57 

100.00 34.21 
80.00  36.84 

***GI) 

"""*"""""_ 

( A ) -  ADULT 
(E) - EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 

******- NOT  APPLICABLE 
(L)- LARVAE 

Y 



I 

m 

m 

a 

S I T E :  HAT CREEK S T A T I O N  6 
DATE:  JUNE 169 1977 
LENGTH  CATEGORY: 151-200 MY 
SAMPLE S I Z E :  3 
NJ. OF EMPTY STOMACHS: 0 

FREQUENCY 

FOOD I T E M  
OCCURRENCE NUMERICAL  VOLUMETRIC  ACTllAL.  ACTUAL 

(%’a) ( 8 )  ( 8 )  NUMtlER VOLUME ”“”””~””””””””””””””””“”””””~”~..””””“” 
U N I D E N T I F I E D  ANIMAL 
TdICHOPTERA ( L )  

100*00 
66.67 5.4.84 

36.00 ***** 
3 6 . 0 0  17 

PLECOPTERA I N )  66.67  9.68 ’ 8.00, 3 04 
.18 

EPHEMEROPTE2A ( N )  33 .33  12.90 6 . 0 0  
DIPTERA (L) 

4 
33 .33   3 .23  2.00 1 

. 0 3  

NEMATODA 
.01 

INSECTA 
33.33  6.45 2.00 2 .Ol 
33.33  

HYMENOPTERA 33 .33  ‘ 6.45 
3.23  2.00 1 

4.00 2 
.01 

ARACHNOIDEA 
.02 

33.33   3 .23  4.00 1 .02 

TOTAL- :; 1 .50 

****** .la 

”“”.”””””- 

( A ) -  ADULT 
( E ) -  EMERGENT 
( N ) -  NYMPH 
( P ) -  PUPAE 

***e**- NOT  APPLICABLE 
( L )  - LARVAE 



beak ! 

S I T E :  HAT CREEK STATION 6 
OATE:  JUNE 169 1977 
LENGTH CATEGORY: GREATER THAN 200 MM 
S4MPLE S I Z E :  1 
NO. OF EMPTY STOMACHS: o 

FREQUENCY 

FOOO ITEM 

U N I D E N T I F I E D  ANIMAL 
TAICHOPTERC ( L )  
EPHEMEROPTERA (N)  
PLECOPTERA ( N )  
HYMENOPTERA 
COLEOPTERA ( A )  

"""""""""_ 

TOTAL-. 

OCCURREMCE  NUMERICAL  VOLUYETHIC PCTUAL ACTUAL 
( % )  ( 5 )  (SI NUMYER  VOLUME 

,_"""""""""""""""""""""""""" 

100.00 494403 43.48 49949 

100.00 28.57 
.10 

13.04 2 
100.00 

-03 
14.29  8.70 I 

100.00  14.29  21.74 
.02 

1 
100.00 14.29  4.35 1 

.OS 

100.00 28.57 8.70 2 
.01 
.02 

7 -23 
""""""""- 

( A ) -  ADULT 
( E )  - EMERGENT 
(NJ- NYMPH 
( P I -  PUPAE 
( L ) "  L4RVAE 
*a****- NOT APPLICABLE 

I 
I 
i 
! 

1 



beak 

S I T E :  HAT CREEK STATION 7 
DATE: JUNE 159 1977 
LENGTH CATEGORY: 51-100 MM 
SAMPLE S I Z E :  10 
NO. OF EMPTY STOMACHS: 0 

FREQUENCY 

FOOD I T € #  

UNIDENTIFIED  ANIMAL 
EPHEWEROPTERA ( N )  

90.00 Q**V**  **Oi l*  .I2 
. 90.00 70.91 

OIPTERA (L) 30.00 9.09 
:I 9 15 

11.36 
NEMATODA 

S -05 

TRICHOPTERA ( L )  
30.00 7.27 
20.00 3.64 

6.82 4 03 

PLECOPTERP ( N )  
6.82 2 

20.00 
-03 

INSECTA 
3.64 4.55 2 .02 

20.00 3 .b4  4.55 2 .02 
DIPTERA (P) 
MINERAL 

10.00  1.62 
10.00 ****a* 2.27 ***S.Q 

2.27 1 .01 
-01 

TOTAL- f i  5 .44 

OCCURRENCE NUMERICAL  VOLUHETHIC ACTUAL  ACTUAL 
( % I  0 ; )  ( % I  NUM9EQ VOLUME 

27.27 
34.09 

"""-"""""""""""""""""""""""""".."""""" 

"""."""""- 

( A ) -  ADULT 
( € 1 -  EMERGENT 
( N ) -  NYMPH 
( P ) -  PUPAE 

***e**- NOT APPLICABLE 
( L ) -  LARVAE 



beak 

SITE: HAT CREEK S T ~ T I O N  i 
DATE:  JUNE 15r 1917 
LENGTH  CATEGORY: 101-150 MM 

NO. OF EMPTY  STOMACnS: 0 

-~ - ~ 

SAMPLE S I Z E :  7 

FREQUENCY 
OCCURRENCE NUMERICAL  VOLUMETRIC  ACTIJAL  ACTUAL 

FOOD ITEM ( % I  (8) ( B )  NUMI3ER  VOLUME 

U N I D E N T I F I E D   A N I Y A L  100.00 
TRICHOi'TERA ( L )  57.14 

****** 49-41 
14.04 7.37 

PLECOPTERb (N)  

DIPTERA ( L )  
42.86  33.33  8.42 ,19 . o a  
42.86 

HYHENDPTERA 
5.26  3.16 3 -03 

42.86 
DIPTERA ( P I  

10.53 4.21 6 . 0 4  
42.06 8.77 

EPHEWEROPTERA ( E )  20.57 
3.16 5 

8.71 
-03 

ANNELIDA 
10.53 

14.29 
5 .IO 

1.75 
ARACHNOIDEA 14.29 

2.11 1 .02 

DETRITUS 
1.75 1.05 1 

14.29 ****** 2.11 a**.** 
.01 
.02 

!j 7 .95 

"""_"""""""""""""""""""""""""".."""""" 
***i~* .47 

0 
' 57.14' 15.79 8.42 9 .08 

- 0 7  

EPHEMEROPTERA ( N I  

TOTAL- 
""_."""""" 

( A I -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 
( L )  - L A R V A E  
******- NOT APPLICABLE 



I) 

beak 

I 

m 

m 

m 

I 

" 

S I T E :  HAT CREEK S T A T I O N  7 
UATE:  JUNE 
LENGTH  CATEGORY: 151-200 MM 

159 1977 

S&?iPLE S I Z E :  3 
N3. OF EMPTY  STOMACHS: 0 

FREQUENCY 
OCCURRENCE NUMERICAL  VOLUMETRIC  ACTUAL  ACTUAL 

FOOD I T E M  ( $ 1  ( 5 )  (S) NUMaER VOLUME 
.................................... 

tJNIOENTIFIE0  ANIMAL 100.00 ****** 48.87 
TRICHOPTERA ( L )  

***e* 1.08 

EP~EMEROPTERA  (N)  
66.67 
33.33 

17.24  2.26  5 05 
3.45 

S I P T E R A  (L) 
.45 

33.33 
1 .c1 

17.24 1.36 . 
NEMATODA 

5 ' ' .c3 
33.33  20.69  6 .Ol 

E7HENEROPTEAA ( E )  
.45 

33.33 
HYMENOPTERA 

34.48 
33.33 

45.25 
3.45 

1 0  1.00 

MINERAL 
.45 

33.33 
1 .01 

COLEOPTERA ( A )  
.45 

33.33  3.45  .45 1 .01 
.Ol 

TOTAL- 29 2.21 

e***** 

"""""""".. 

( A ) -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 
( L )  - LARVAE 
****e*- NOT APPLICABLE'  



beak, . .  

S I T E :  HAT  CREEK STATION 7 ’  
GATE:  JUNE 15, 1977 
LENGTH  CATEGORY: GREATER THAN 2 0 0  MM 
SAMPLE  S IZE:  1 
NO. OF EMPTY  STOMACHS: 0 

FREQUENCY 
OCCURRENCE NUMERICAL VOLUMETRIC ACTL’AL  ACTUAL 

FOOD I T E M  (%.) ( $ 1  (5) NUMi,ER VOLUHE “”””””””_“””””””””””””””””“””“.~”““””” 
U N I D E N T I F I E D   A N I M A L  100.00 
TRICHOPTERA (L) 100.00  63.64 

15.11 *e*** 1.00 

EPHEYEROPTERA .(N) 
60.42 

100.00  36.36  24.47 
2’9 4.00 
16  1.62 

4.4 6.62 

*44*3* 

TOTAL- 
””“.”””””_ 

( A ) -  ADULT 
( E ) -  EHERGENT 
( N ) -  NYMPH 
( P ) -  PUPAE 

******- NOT APPLICABLE 
( L ) -  LARVAE 



beak 

I 

m 

m 

.'SITE: HAT CREEK STATION 10 
IJATE: JUNE 
LENGTH  CATEGORY: 51-100 M M  

169 1977 

SAMPLE S I Z E :  4 
k0. OF EMPTY STOMACHS: 0 

OCCURRENCE NUMERICAL  VOLUMETRIC ' ACTCIAL ACTUAL 
FOOD ITEM 1%)  ( % I   ( % I  NUM$,ER VOLUME 

FREQUENCY 

""""""""""""""""""""""""""""""."""""" 
DIPTERA ( L )  
U N I D E N T I F I E D  ANIMAL 

100.00 
75.00 

75.00  37.50 2; 3 -09 

EPHEWEROPTERA I N )  75.00  9.09 12.50 4 03 
*****e 29.17 * * *a , *  07 

Tk?ICHOPTERA ( L )  
INSECTA 

50.00 
50.00 

4.55 
9.09 

8.33 
0.33 

2 
4 

.02 

.02 
WEMATODA 25.00 ' 2.27  4.17 1 .01 

TOTAL- 
""","""""_ 

4.4 24 

( A I -  ADULT 
( E )  - EMERGENT 
(N)  - NYMPH 
( P I -  PUPAE 
( L l -  LARVAE 
******- NOT APPLICABLE 

m 

a 

a 

m 



beak 

SLTE:  HAT CREEK STATION 1 0  
DATE:  JUNE 16, 1977 
LENGTH  CATEGORY: 1 0 1 - 1 5 0  MM 
SAMPLE SIZE: 7 
r40. OF EMPTY  STOMACHS: 0 

FREQUENCY . .  

FOOO I T E M  
OCCUQRENCE NUMERICAL  VCLUHETRIC  ACTIJAL  ACTUAL 

( % I  (9) (5) NUM13ER VOLUME """""""""""""""-"""""""""""""".""""""- 
U N I D E N T I F I E D   A N I M A L  100.00 ****e* 25.95 
DIPTERA ( L I  100.00 47.65 
THICHOPTEPA ( L l  85-71  7. Oh 

2.26 11 1 .22 

EPHEHEROPTER4 (N1 05-71 1.44 i! 9 
:! 2 

17-06  
. l l  

O I P T E R A   ( P I  57.14  
14 

PLECOPTERA (N) 
4.71 

42.86 
.41 8 

2.94 .51 5 - 0 5  
04 

LNSECTA 
HYMENOPTERA 26.57 

5.29 
2.35 .31 

.31  9 03 

ANNELIOA 
4 - 0 3  

26.57 
COLEOPTERA ( L )  28.57 

7-65 65.64 
2.35 

j.3 6 . 4 0  

MINERAL ' 26 57 60*990 1.23 
- 4 1  4 0.4 

COLEOPTERP ( A )  

***vi* 
28.57 

.12 

DDONATA ( h i )  14.29 
.02 

HEMIPTERA ( A )  14.29 
.54 

1.18 
.10 1 
.IO 2 .01 

.01 

1i'O 9.75 

QQ(r04 2.53 

1.13 

26.57 

l.1e .21  2 

TOTAL- 
""_ .."_ """" 

( A I -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 
f L ) -  LARVAE 
***e**- NOT A P r L I C A B L E  



beak 

I 

UATE: JUNE 
S I T E :  HAT CREEK STATION 10 

16, 1977 
0 LENGTH  CATEGORY: 151-200 MM 

S A W L E  S I Z E :  3 
NO. OF EMPTY STOMACHS: 0 

I FREQUENCY 
OCCURRENCE NUMEHIC4L  VOLUMETRIC ACTLJAL ACTUAL 

FOOD I T E M  ( S )  ( % )  (16) NUMi3ER VOLUME """""-"""""-""""""""""""""""""".""~"""~ 
Ui4IDENTIFIED  ANIHAL 1 0 0 . 0 0  ooff*ffo 
O I P T E R A   ( L )  

17.95 ooooo 1.70 

CF'HEMEROPTERA (N)  
I-VYMENOPTEAA 66.67 

66.67  6.94  3.33 5 .32 

T3ICHOPTERP I L )  33.33 
.21 

8.33 
2 .02 

?LECOPTERE ( N )  33.33  4.17 
32 6 .03 

NEMATODA 
2.22 

33.33 
3 .21 

I 1 e39 
Ii'!SECTA 

.ll 
33.33  1.39 

1 .01 

AirNELIDA 
.I1 

33.33 
1 .01 

OIPTERA I P )  
25.00  73.92 18 7.00 

33.33 
M I  NER4L 33.33  1.39 

2 .01 

COLEOPTERA ( 4 )  
'.21 

33.33 
1 .02 

iJ IPTERA ( 4 )  33.33 
1.39 .ll 1 0 0 1  
1.39 .ll 1 .Ol 

1 2  9.47 

100.00  43.06  1.27 3 1 .12 - 2.73 

I 
2.73 .ll 

. .. 
T O T A L -  

""","""""- 

( A ) -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 

***Q**- NOT APPLICABLE 
( L )  - LARVAE 



beak . .  

S ITE:   HAT CREEK STATION 10 
OhTE: JUNE 
LENGTH  CATEGDRY:  GREATER  THAN 2 0 0  MM 

169 1977 

SAMPLE  SIZE:  5 
NO. OF EMPTY  STOMACHS: 0 

OCCURRENCE NUMERIC 
FREQUENCY 

FOOD I T E M  (8) ( '6)  
IC ACTUAL  ACTUAL 

NUMFIER VOLUME 

U N I D E N T I F I E D   A N I M A L  100.00 QQ*** *  

EPHEHEROPTERA (N)  60.00 26 6 6.55 
a**#.* 1.97 

PLECOPTERA ( N l  60.00 3.30  1.36 3 .31 
-06 

NEMATODA 
COLEOPTERA (L)  

60.00 16-49. . .18 15 -04 

TRICHOPTERA (L)  
60.00 
40.00 

3.30 a 7 9  3 .I8 
2.20 

DIPTERA (L)  
.09 2 .02 

INSECTA 40.00 3.30 
ANNELIOA 4 0 . 0 0  45.45 

13 3 .03 

DIPTERA (P) 20.00 5.49 
COLEOPTERA ( A )  20.00 1.10 

-04 5 
.44 1 

.01 

.10 

5 1  22.78 

""""""""""""""""""""""""""""""."""""" 
8-65 

40.00 8.79 26 8 05 

87.80 4 5  20.00 

T@TPL- 
""","""""_ 

( A ) -  ADULT 
( E )  - EMERGENT 

('P) - PUPAE 
( N ) -  NYMPH 

*QQ*Q*- NOT APPLICABLE 
(L)"  LARVAE 

AL VOLUMETR 
( % )  



beak 

SITE':  HAT  CREEK STATION 14 
DATE: JUNE 1 5 ,  1977 

L 

I 

4 

~ 

LENGTH  CATEGORY: 0-50 MM 
SAMPLE S I Z E :  1 
NO. OF EMPTY STOMACHS: o 

FREQUENCY 

FOOD I T E M  
OCCURRENCE  NUMERICAL  VOLUMETRIC 4CTUAL' ACTUAL 

(81 ( % I  (S) NUMBER VOLUME 

UNILJENTIFIED  ANIMAL 1 0 0 . 0 0  
EPHE?lEROPTERA (N)  100.00 

099U04 50.00 0&U9 b 

100.00 
001 

50 .00  2 .Ol 

TOTAL-  , -  > .oz 

.................................... 

""" ,"_ """" 

( A I -  ADULT 
( E ) -  EMERGENT 

( P ) -  PUPAE 
( N l -  NYMPH 

******- NOT APPLICABLE 
( L l -  LARVAE 



beak 

S I T E :  HAT  CREEK STATION 14 
OATE:  JUNE 
LENGTH  CATEGORY: 51-100 MM 

15, 1977 

S A M P L E   S I Z E :  6 
NO. OF EMPTY  STOMACHS: 0 

FQEOUENCY 
OCCURRENCE NUMERICbL  VOLUMETRIC  ACTUAL ACTUAL 

FOOD I T E M  (SJ ( B )  ( 8 )  NUMEfER VOLUME 

EPHEMEHOPTERA ( N )  
UNIDENTIF IED  ANIMAL 

100.00 
R3.33 

11.76  16.87 
4****0 

1.4 
20.7s 

. l o  

OIPTEt?A ( L )  83.33 
.ll 

76.47 
INSECTA 50.00 

41.51 0 1 .22 

?LECOPTERP (Nl 
7.56 

33.33  1.68 
9.43 9 05  

HYMENOPTERE. 33.33 
3.77 2 .02 

I .68 
D I P T E R A   ( P )  

3.77 
16.67 84 1 .01 

2 
1.89 

.02  

1 1, 9 .53 

”“””””””_””””””””””””””“””””””..””“”“” 
*OO<iQ 

TOTAL- 
”””.”-”””” 

( A ) -  ADULT 
(E) - EMERGENT 

***Q**- NOT APDLICABLE 
( L ) -  LARVAE 



L 

li 

* 

' S I T E :  HAT  CREEK S T A T I O N  14 
OAT€:  JUNE 151 1977 
LEr4GTH  CATEGORY: 101-150 HM 

NO. OF EMPTY  STOMACHS: 0 
SAMPLE  SIZE:  4 

FREQUENCY 
OCCURRENCE NUMERICPL  VOLUMETRIC  b,CTUAL  ACTUAL 

FOOD I T E M  ( 8 )  ( $ 1  (SI hlUMaER VOLUME 
"""""""""""""-""""""""""""""",""""-""" 

.TRICHOPTERA (L)  
U N I D E N T I F I E D   A N I M A L  100.00 * Y * * * 4  20.00 (I,**** 

100.00  3.23 5 -04 
.12 

6.67 
EPHEMEROPTERA (N) 
UIPTEHA ( L )  

100.00  9.68  15.00  15 -09 
1oo.uo . 74.84 

INSECTA 75.00  6.45 . 6.67 
36.67 116 .22 

FLECOPTERA ( N )  25.00  3.23  3.33 
10 
5 

.01 

.02 
25.00 

HYMENOPTERA 25.00 
.65  1.67 1 .01 
65 1.67 1 

BHACklNOIDEA . , 25.00 -65 
.01 

UIPTERA  (P )  25.00 
1.67 1 

.65 
.01 

UETRITUS 
1.67 

25.00 **044* 5.00 o**o* 
1 .01 

-03 

15s -60 

NEMATODA 

TOTAL- 
"..""""""" 

[ A ) -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P I -  PUPAE 
('L) - LARVAE 
****4b- NOT APPLICAdLE 



m 

I 

1 " 

f 

beak 

S I T E :  HAT CREEK S T A T I O N  14 
DATE:  JUNE l f r  1977 
LENGTH CATEGORY: 151-200 YM 
SAMPLE S I Z E :  3 
NU. OF EMPTY  STOMACHS: o 

FREQUENCY 
OCCURRENCE NUMERICAL VOLUMETRIC ACTUAL ACTUAL 

.................................... 

Ui<IDENTIFIEO  ANIMAL 
OIPTERA (Ll 
T2ICHOPTERA ( L l  
tPHEMEROPTERA (NI 
?IYMENOPTEEA 
MINERAL 

NEMATODA 
PLECOPTERA ( V I  

COLEOPTERA ( A I  
INSECT& 

u E T R I T U S  

PLECOPTERA (E) 

AMPHIPODA 

TOTAL- 

100.00 
100.00 
66.67 
66.67 
66 67 

66.67 
66 67 

33.33 
33.33 
33.33 
33.33 
33.33 
33.33 

(E)- EMERGENT 
(A I -  ADULT 

( N ) -  NYMPH 
(PJ-  PUPAE 

*++****- NOT APF'LICABLE 
( L )  - LARVAE 

*e**** 
3 4 -  09 
1.52 

43.94 
3.79 

6.06 
1.52 
-76 

3.03 
4.55 

-76 

* * * * * Q  

**e*** 

16.43 

4.29 
6.43 

2.14 
30.71 
2.86 

30.00 
e 7 1  
-71 

1.43 

2.14 
1.43 

-71 

* *e**  .23 
4s '.09 
2 -06 

, 5 ..03 
sa .43 

0 
.04 

2 
-42 
.01 

1 
4 

.01 

6 
. a 2  
.a2 
03 

1 .01 

132 1.40 

****, 

****& 
""""""""_ 



V 

beak 

AUGUST 1977 



beak 

c 
.L)4TE: AUGUST 

S4MPLE  S IZE:  2 

SITE: BONAPPRTE RIVER STATION I 

LENGTH  CATEGO2Y: 151-200 M M  

NO. OF EMPTY  STOMACHS: 0 

3 9  1977 

il. 
FREOUENCY 

FOOD I T E M  
OCCURRENCE NUME*ICI\L  .VOLUHETF(IC  ACTUAL  ACTUAL 

(SI (61  ( 5. ) NUM5I:R VOLUME 

I 

"""""""""""""""""""""""~""""""-.."""""- 
EPHEMEROPTERA ( N )  100.00 
UNIDENTIF IED  ANIMAL 100 .00  

4 .60  2.96 12 .09 

T3ICHOPTERA ( L )  
5.26 *V**1) - 1 6  

100.00 6 7 . 7 4  79.26 22'3 2 .41  
I ~ I N E R A L  50.00 ****** 6.56 
HYHEWPTERA 50.00 1.53 

* * * * i b  .20 
-1.32 

COLEOPTERP ( A )  
4 0 4  

50.00 4.21 3.2Y 1 :. 
50.00 .77 

.10 

I h!?ACHNOIDEA 5 0 . 0 0  . 3 8  
.33 i1 .Ol 
. 3 3  I. .Ol 

50.00 - 3 8  .33  1 .01 
50.00 .38 .33 I. .01 

261. 3.04 

*I)**** 

I 

NEMATGDA 

D I P T E R A   ( L )  
PLECOPTERP (N) 

! 
I 

TOTAL- 
"""-.""""" 

( A t -  ADULT 
( E ) - '  EMERGENT 
( N ) -  NYMPH 
(PI- PUPAE 

e*****- NOT APPLICABLE 
( L )  - LARVAE 



beak 

S I T E :   ~ O N A P A R T E   R I V E R   S T ~ T I O N  3 
OATE: AUGUST 
LENGTH  CATEGORY: 151-200 MM 
S Y P L E  SIZE: 2 
NO. OF EMPTY  STOMACHS: 0 

39 1977 

F2EOUENCY 
OCCURUENCE NUMEI?ICAL  VOLUMETRIC  ACTUAL  ACTUAL 

FOOD I T E M  ( 8 )  ( V a l .  ( % I  VUbtB€:R VOLUME """""""""""""""""""""""""""""".."""""- 
HYYENOPTERA 100.00 55.85 29.41 7 6 

100.00 27.21 
.30 

22.55 
UNIDENTIFIELJ  ANIMAL 100.00 

3 7 -23 
17.bS 

dIPTERA (Ll 
.18 

1 o o . c o  
EPHEWEROPTERA ( N )  

6.62  7.84 0 . oa 

NEhATOG4 
50.00 5.~3 
50.00 .74 

9.80 8 .10 

TdICHOPTEHA ( L )  50.00 
.99 

.74 
.01 

.98 
1;dSECTS. 50.00 2.21 

.o 1 

030HATA I N )  50.00 .-(4 2.94 
.06 

U N I D E N T I F I E D   P L A N T  50.00 *****a 1.96 ****ir 
.03 
.02 

1315 1.02 

COLEOPTERA ( A )  
*****I1 ****(I 

5.88 :3 

TOTAL- 
""".""""" 

( A ) -  ADULT 
( E l  - EMERGENT 
(N)- NYMPH 
( P I -  PUPAE 
f L ) -  LARVPE 
******- NOT APPLICASLE 



1 

c 

I 

S I T E :  HAT  CREEK STATION 5 
OaTE: AUGUST 39 1977 
LENGTH CATEGORY: 0-50 "4 
S4MPLE S I Z E :  1 
NO. OF EMPTY  STOMACHS: 1 

FREQUENCY 

.FOOD ITEM 
OCCURRENCE NUMERICPL  VOLUMETRIC n c T U . 2 ~  ACTUAL 

( % I  ( % I  (8) UUMBIIR VOLUME ""~"""~"""""""~""""""""""""""""-.."""""- 
TOTAL- 

""" .""_ """ 
0 0 .  

( A I -  AOULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( 0 ) -  PUPAE 

******- NOT APPLICAdLE 
( L ) -  LARVAE 

- 



a 

beak 

I) 

1 

I 

SITE:   HAT CREEK STATION 5 
UATE: AUGUST 
LENGTH  CATEGORY: 51-100 M'4 

3 9  1977 

NO. OF EMPTY  STOMACHS: 0 
SAMPLE S I Z E :  1 

FDEQUENCY 

FOOD I T E M  
OCCURRENCE  nlUMERICAL  VOLUMETFiIC  ACTU,4L  ACTUAL 

( % I  ( 5 ,  (5) NUMBER VOLUME -""""~-"""""""""""-"""""""""~""""~""""" 
EP!iEMEi?OPTEHA ( N )  100 .00  so .00  37-50 - 
U N I O E N T I F I E D   4 N I M A L  100.00  *e** # .02 *4**i* 

-03 

UIPTERA ( L )  
25.00 

1 0 0 . 0 0  40.00 
PLECOPTEr7A ( h ' )  

25.00 
100.00  10.00  12.50 

,$ 

1 
.02 
.01 

T O T A L -  1'3 .08 

'3 

""" .""_ """ 

( A ) -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P )  - PUPPE 
( L ) -  LARVAE 
QQ****- NOT APPLIC4BLE 



1 

beak 

1 

I 

il 

S I T E :  HAT CREEK STATION 5 
UATE: AUGUST 
LCNGTti  CATEGORY: 1 0 1 - 1 5 0  M M  

3 9  1 9 1 1  

SAMPLE SIZE: 4 
NO. OF EHPTY  STOMPCHS: 0 

FREQUENCY 

FOOD I T E M  
OCCURRENCE NUMERICAL VOLUMETRIC ACTUAL ACTUAL 

( 8 )  (‘6) ( 8 )  NUMRER VOLUME ””””””“”””””””””””””””“““”””””..”””“”- 
NEMATODA 100.00 5 0 . 0 0  21.14 
U N I D E N T I F I E D  ANIMAL 

1 0  
100.00 U***QQ 

-05 
4 3 . 4 3  

DIPTERA (Ll 1 5 . 0 0  25.00 
****** . l o  

1 3 . 0 4  
EPi-lEMEROPTEPC ( N )  2 5 . 0 0  

!j 
10.00 

-03 
4.35 

HYMENOPTERA 25.00 
‘a 

1 3 . 0 0  
.01 

8.70 
PLECOPTEHA ( N l  

2 
25.00 

.02 
5.00 8.70 .l .02 

TOTAL- 2 I !  .23 

t- 

”””.”””““- 

(6.) - ADULT 
( E l -  EYERGENT 
I N )  - NYMPH 
( P I -  PUPAE 

******- NOT ‘APPLICABLE 
( L )  - LARVAE 



beak 

S I T E :  HAT  CREEK STATION 5 
DATE: AUGUST 31 1 9 7 7  
LENGTH CATEGORY: 151.-200 MM 
SAMPLE SITE: 1 
NO. OF EMPTY STOMACHS: 0 

FREQUENCY 

FOOD ITEM 
OCCURREWE  NUMEHICAL  VOLUMETRIC ACTUAL ACTUAL 

( % I  ( ' d l  (81 NUMdE:R VOLUME 

HYMENOPTERA 
CLILEOPTERS ( E l  

100.00  33 .33  I .06 
100.00 

1 5 . 7 9  
1 4 . 2 9  

UVIDENTIFIED  ANIYAL 
5.26 

100.00 
Ii .02 

21 .05  ****+ 
ARACHNDIOEA 100.00 4.76 

. o e  
15 .79  

I x S E C T 4   . 1 0 0 . 0 0  2 3 - 6 1  
1 

15 .79  
06 

ANNELIDb 
5 

1 o a . 0 0  
06 

HEMIPTERA ( P I  100.00 
4.76 

. 4.76 
15.79 I - 0 6  

COLEOPTERA tL1 100.00 :I 03 
2 .63  

1 4 . 2 9  
1 

7.89 . . 0 1  

21 .38 

"""""""""""""-"""""""""""""""""."""""- 
.e 

*e**** 

TOTAL- 
"""*.""""" 

( A I -  ADULT 
( E l  - EMERGENT 
( N l -  NYMPH 
( P I -  PUPAE 

*****e- NOT APPLICABLE 
( L ) -  LARVAE 

. .  



D A T E :  4UGUST 
S I T E :  HAT  CREEK STATION 6 

3 9  1977 
LEIUCTH CATEGORY: 0-50 MM 
SAMPLE  SIZE: 3 
NO. OF EMPTY STOMACHS: o 

OCCURRENCE NUMERICAL  VOLUMETRIC ACTU4L ACTUAL 
FOOD I T E M  ('6) ( 5 )  ( % )  NUMk4ITR  VOLUME 

FREQUENCY 

..................................... 

EPHEMEHOPTEHA ( N )  
UNIDENTIF IED ANIMAL 

1 0 0 . 0 0  
66.67 

7 1 . 8 8  
e4QQQQ 

53.85 2.3 .O? 

DIPTERA ( L )  
15.38 

6 6 . 6 7  
****., .02 

28.13   30 .77  '?  .04 

3? 13 TOTAL- 
""","""""_ 

( A ) -  ADULT 
( € 1  - EMERGENT 
( N ) -  N Y M P H  
( P I -  PUPAE 
( L ) -  LARVAE 
*****Q- NOT APPLICABLE 



I 

S I T E :  HAT  CHEEK STATION 6 
I)ATE: AUGUST 3 9  1 9 7 7  
LENGTii CAT-EGOHY: 51-100 MM 

GO. OF EkIPTY STOMACHS: 0 
S ~ M ~ L E  S I Z E :  4 

FREQUENCY 

FOOD ITEM 
OCCURRENCE N U M E I ~ I C ~ L  VOLUMETRIC ~CTUIIL  ACTUAL 

( % J  f % l  (81 NUHSER  VOLUME """"""""""""""""""""""""""""~"-.."""""- 
EPHEWEROPTERA I N )  100.00 
Ud.IDENTIFIEU ANIMAL 100.00 *e**** 

33 .33  
25.00 
2 1  - 4 3  1 0  9 0 4  

DIPTERA ( L )  
*e**<> .07 

THICHOPTEPA ( L )  7 5 . 0 0  
7 5 . 0 0   3 3 . 3 3  17.86 1 I) .05 

HYMEkOPTEPA 25.00 
13.33 14.29 
6.67 7.14 

I +  .04 

NEMCTODA 25.00 
2 .02 

42ACHNOIOEA 
3 .33  3 . 5 7  :1 

25.00 6 . 6 7  
.01 

3 . 5 7  
XPlSECTA 25.00 

'a 
I_ . 0 1  

3.33 7 .14  '1 .02 

TOTAL- 3 11 20  
""",.""""" 

( A )  - ADULT 

( N l -  NYMPH 
( P ) -  PUPAE 

******- NOT APPLICABLE 
(LI - LARVAE 

( € 1  - EMERGENT. 



beak 

I 
S I T E :  h A T  CREEK STATION 6 
DATE:  AUGUST 3 9  1977 
LENGTH CATEGORY: 101-150 MM 

NO. OF EMPTY  STOMACHS: 0 
a SAMPLE S I Z E :  6 

I FREQUENCY 

FOOD I T E M  
OCCURRENCE NUMEHIC4L VOLUYETRIC ACTUAL ACTUAL 

(oc) ( % I  ( a )  NUMtlER VOLUME .. ~““””””””””~””””””””””””””””””””~””””~ 

U N I U E M T I F I E D   A N I M P L  100.00 os**** 36.17 * * Y O *  17 
T X I C H O P T E R A ’   I L )  100.00 
EPHEMEROPTERA ( h i )  

27.03  21.28 10 . I  0 
66.67  21.62  6.S1 8 

HlMENO?TER4 
.04 

INSECTA 
33.33 13.51 
33.33 

6.38 
8.11 

5 . .03 
8.51 

(4INERAL 
3 

16.67 
.04 ****** ~ 6.38 

NEMATDOA 16.67 
.03 

2.70  2.13 
D I P T E H A   ( L l  

‘1 .Ol 
16.67 

PLECUPTE2A (N) 
21.62  6.38 8 .03 

16.67  2.70  2.13 1 .Ol 
16.67  2.70  2.13 1 .01 

I 

***** 
m 

.COLEOPTERA ( L )  - ”“””””””_ 

TOTAL- 37 .47 - ( A ) -  ADULT 
( E )  - EMERGENT 
( N )  - NYMPH 

( L l -  LARVAE 
( P I -  PUPAE 

*****4- NOT APPLICASLE 

il 

S 



.. . . 

m 

beak 
a 

. .  

S I T E :  HAT CREEK STATION 6 
OATE: AUGUST 
LEEIGTH CATEGORY: 151-200 b” 

39 1 9 7 7  

SA+lPLE S I Z E :  4 
NO& OF EMPTY  STOMACHS: 0 

F ~ E Q U E N C Y  
OCCURRENCE NUMERICAL  VOLUYETfiIC  ACTUI~L  ACTU4L 

FOOD I T E M  ( $ 1  ( B )  (s i )  NUMBER VOLUME “””””“””“”””””””””””””””””””””.”””””” 
U N I D t N T I F I E D   A N I M A L  
1,gSECTA 
HYMENOPTERA 
COLEOPTERA ( F )  
TdICl+OPTERL ( L )  
DIPTERA ( L l  
E P H E ~ ~ E R O P T E R A   ( N )  
MINERAL 
NEMATODA 
PLECO?TERA ( V I  
F‘LECOPTERC ( E l  

TOTAL- 

100.00 
100.00 
75.90 
75.00 
75.90 
50.00 
25.00 
25.00 
25.00 
25.00 
25.00 

****** 
36.73 

.12.24 
19.39 

10.20 
1.02 

1.02 
3.06 
1.02 

15.31 

QU9999 

25.93 
24.01 

12.96 
10.19 

4 . 6 3  
.93 

4.63 
.93 

.93 

12.04 

2.7a 

( E )  - EMERGENT 
( A ) -  ADULT 

( N l -  NYMPH 
( P ) -  PUPAE 

******- NOT APPLICPYLE 
( L )  - L h Q V A E  

9999iF .28 
36 .26 
1 !j 
1 9 

13 

1 ;! 
.14 

1 0 
.ll 
.os 

:L .01 
-03 

1 .01 
;3 
, L  

.05 

.Ol 

9.3  1.08 

94941, 

””“.”””””- 



. . . . . .. ... 

I 

S I T E :  HAT  CHEEK STATION 6 
DATE: AUGUST 31 1377 

S4MPLE S I Z E :  1 
N i l .  OF EMPTY STOYACHS: 0 

I 
. LEi4GT.l CATEGORY: GREATER  THAN 2 0 0  MM 

.. FREOUENCY 
OCCURRENCE NUMERICAL  VOLUMETRIC  PCTUPL  ACTUAL 

FOOD I T E M  ( % I   ( % I  ( & I  NUMBER VOLUME 
.................................... 

I 

HYMErlOPTEPA 
MINEljAL 100.00 ****** 42.55 **e** .20 

NEMATODA 
26.09  10.64 6 

1@0.00 4.35 2.13 1 .01 
U ~ ~ J I D E N T I F I E C  AEIIMAL - 100.00 *****i) 12.77 ****Q 
PLECOPTERP ( h i )  100.00 13.04 3 .os 

- 0 6  
10.64 

I!.ISECTA 

1oo.ao .as 

1 0 0 . 0 0  56.52 2 1 . 2 8 ,  13 .IO 
I 

""""""""- 
TOTAL- 23 .47 

( A ) -  ADULT 
( E )  - EMERGENT 
( N ) -  NYMPH 
( P )  - '  PUPAE 

**e***- NOT APPLICABLE 
( L )  - LARVAE 



heak 

-\ 

m 

S I T E :  'HAT CREEK STATION 7 
OATt:  PUGUST 
LENGTH  CATEGORY: 0 -50  MM 

59 1977 

 AMPLE SIZE: 2 
~ 9 .  O F  E w r r  STOHPCHS: o 

FREOUEMCY 
OCCURRENCE NURERICAL  VOLUMETRIC  4CTUAL  ACTUAL 

FOOD I T E M  ( $ 1  (a1 ( % I  NUMYER VOLUME 
..................................... 

EPHEMEROPTERG ( N )  1 0 0 . 0 0  
UNIDENTIF IED  P .N IYAL 1 0 0 . 0 0  

69 -23 50.00 c) . 0 6  
*oo*u+ 

OIPTERA ( L )  
41-67 o*o*o .os 

50.00 30.77 8.33 4 .01 

13 . I 2  TOTAL- 
""""""""_ 

( A I -  ADULT 
( € 1 -  EMERGENT 

( P I -  .PUPAE 
( L ) -  LARVAE 

(N )  - NYMPH 

****e*- NOT APPLICABLE 



(I 

S I T E :  HAT CREEK STATION 7 
OAT€: AUGUST 5, 1977 
LEbGTH  CATEGDRY: 51-100 M M  
S.A.WLE S I Z E :  8 MI. OF EMPTY S T O M A C ~ ~ S :  0 

I 

II 

OCCURRENCE NUMERICAL  VOLUMETRIC ACTUAL  ACTUAL 
FOOD ITEM (sa) ( % )  (6) NUMBER  VOLUME 

FREQUENCY 

"""""""""""""""""""""~""""""""""""----- 
1 

U f l I D E N T I F I E 3  A h l I M A L  100.00 e?***** 16.29 **4** .29 
THICHOPTERD ( L I  100.00 34.69 3 2 . 0 2  91  .57 
E?HE+EROPTERA ( N )  87-50 44.3s 34.52 110 .65 

PLECOPTERb ( N )  37.50 1.21 2.25 I .04 
NLNJTODP 25.00 1.21 1.12 - .02 
DIPTERA  (P I  12.50 . 1.21 .S6 .O1 

24t, 1.78 

w DIPTERA ( L )  75.00 . 15.32 . 11.24 3e .20 - 
- - - 

I 

T O T ~ L -  
"""-.""""" 

r 

1 

( A I -  ADULT 
( E l  - EMERGENT 
t N ) -  NYMPH 
( P I -  PUPAE 
( L ) -  LARVAE 
*****e- .NOT APPLIC4BLE 



beak 

I 

I) 

Ir 

U 

5 I T C :   H A T  CREEK STATION 7 
OAT€:  PUGUST 5, 1977 
LENGTH  CATEGORY: 101-150 HM 
SAMF'LE S I Z E :  6 
No. OF EMPTY  STOYACHS: 0 

FREQUENCY 
OCCURRENCE NUMERICAL  VOLUMETRIC ACTUAL  ACTUAL 

FOOD I T E M  ( % I  (%)  ( ' 5 1  NUFBER VOLUME 

EPHEMEHOPTERI (Nl 
TdICHOPTERA (Ll 

100.00 . 42.48 
100.00 

57.61 
42.92  23.33 

96 1.55 

U ' 4 I D E N T I F I E D  ANILIAL 83.33 ***4Qe 9.63 * Q * * Q  

97 .63 

UIPTERA ( L )  
- 2 6  

NEMATODA 
50.00 
33.33 

9.73 4.44 2 2  .12 

DIPTERA ( P I  33.33 
1.33 
1.33 

.74 3 .02 

HINERAL 
.74 3 . 0 2  

16.67 
tiYHENOPTERA 

***UQ* 1.85 .*9*QQ .os 
16.67 ' 

COLEOPTERP ( A )  16.67 
.44 
.44 

.37 

.37 
1 ' . 0 1  

PLECOPTERA ( N )  16.67 
.1 .01 

.44  .37 1 .Ol 
IiVSECTA 16.67 

16.67 
.44 .37 1 
.44  .37 1 

.01 
01 

TOTAL- 225 2.70 

"̂"""""""""""""~""""""""""""""""""""" 

T R I C ~ O P T E P C  (PI """"""""_ 
( A ) -  ADULT 
( E )  - EMERGENT 
( N ) -  NYFPH 
( P I -  PUPAE 

**Q***- NOT APPLICABLE 
(L)  - LARVAE 



beak 

S I T E :  HAT  CREEK STATION 7 
DATE: AUGUST 
L E N G T i  CATEGORY: 151-200 YH 
SAMPLE S I Z E :  4 

5,   1977 

NO. OF EMPTY  STOMACHS: 0 ' 

OCCURRENCE NUMERIC9L  VOLUHETHIC  ACTUAL  ACTUAL 
FOOD I T E M  ( % I  ( % )  ( % I  NUMBER VOLUME 

FREQUENCY 

"_""""""""""""""""""""""""""""""""""~ 
EPHEMEROPTERA ( N )  
U ,q IDENTIF IED  ANIMAL 
TRICHOPTEF!~  ( L )  
HYHENOPTERA 

M I N i R A L .  
NEMATODA 

. PLECOPTERA (.N) 
OIPTERA (L) 

DIPTEeA ( P )  
COLEOPTERA ( A )  
HEMIPTERA ( A )  
COLEOPTERA ( L )  
OETRITUS 
OSTRACODA 

TOTAL- 

' INSECTA 

100.00 
100.00 
100.00 

75.00 
75.00 

50.00 
50.00 

50.00 
50.00 
25.00 
25.00 
?5.00 
25.00 
25.00 

50.00 

( A I -  ADULT 
( € 1 -  EMERGENT 

( P ) -  PUPAE 
( N ) -  NYMPH 

*QQ**Q- NOT APPLICAaLE 
(L) - LARVAE 

5.95 
Q & & Q Q *  

17.72 
2.65 
7.22 

5.19 
.25 

- 5 1  
63 

-25  
.13 
- 2 5  

*&O*QQ 

*&OQ**  

59.24 

9.31 
9.31 

32.41 
4.48 

1 0 . 0 0  
1.38 

.6J 
5.86 
2.41 
1.03 

- 6 9  

1.03 
.34 

.34 
20.69 

47 .27 
-27 

1 4 0  
21 

.94 

57 - 2 9  
.I3 

2 
.04 

41 
.02 

4 
.17 

5 
-07 

2 . .02 
03 

2 
1 .01 

-03  
**OQ* .01 

, 460 -60 

790 2.90 

QOPO9 

* * Q * *  

""""""""- 



1 

,- 
I .. 

1 

S I T E :  HAT CREEK STATION 7 
DATE: AUGUST 5 .  1977 
LENGTH CATEGORY: GREATEP  THAN z o o   ti^ 

_ .  - . 

SAM?LE S I Z E :  2 
NO. OF EMPTY STOMACHS: 0 

FREQUENCY 

. FOOD I T E M  
OCCURRENCE NUMERICAL  VOLUMETRIC  ACTUAL  ACTUAL 

( % I  ( % )  ( 0 6 )  W*16E'? VOLUME 
""""""""""""""""""""""""""""""~,""~""" 

EPHEPEROPTERA (N )  100.00 2.31 .53 
HYNfNOPTERA 100.00 

4 
13.87 

.02 

COLEOPTEHC ( A I  
6.65 

100.00 
24 

1.73 
.21 

NEt+ATODA 
.95 

100.00 
3 . 0 3  

2.. 3 1 
UNIUEWTIFIED  ANIMAL 

.95 
100.00 

4 . 0 3  

THICHOPTERA ( L )  
7.25 ***e* 

100.00 9.83 6.01 17 -19 
-23 

PLECOPTERA ( N )  100.00  3.47 6 .13 
INSECTA 

4.11 
100.00  63.01 

MIWEHAL 
39.87 109 1 .26  

50.00 ' ****** 
UIPTERA ( L )  

31.65 
50.00 .58 

****e 1.00 

HEMIPTEFlA ( A )  
. 3 2  

50.00 
1 

.58 
.01 

COLEOPTERA (i) 
. 3 2  1 .01 

PLECOPTERA ( E )  
50.00 ' 1.16 .53 2 .02 
5 0 . 0 0  

EPHEMEROPTERC ( E )  50.00 
.58 
~ 5 6  

.32 

. 3 2  
1 
1 

.01 

.01 

173 3.16 

O Q Q * * Q  

TOTAL- 
"""-.""""" 

( A ) -  PDULT 
( E l  - EMERGENT 
( N l -  NYMPH 
(PI- PUPAE 
I L )  - LARVAE 
*yo***- NOT'APPLICAELE 



beak 

1 

W 

W 

S I T E :  HAT CREEK S T A T I O N   1 0  
0 4 T E :  AUGUST 
LENGTH  CATEGORY: 0-50 MM 

5. 1977 

SAMPLE SIZE: 1 
NO. OF EMPTY  STOMACHS: 0 

OCCURRENCE NUMERICAL  VOLUMETRIC ACTUAI. ACTUAL 
FOOD I T E M  ( 8 )  (X) ( k )  NUMREI? VOLUME 

FREQUENCY 

""""""""""""""""""""""""""""""-,"~"""" 

EPHEMEROPTERA (N )  100.00 6 6 . 5 7  40.00 4 .02 

D I P T E R A   ( L )  
U r d I D C & T I F l E D  ANIMAL ' 100.00 

1 0 0 . 0 0  
TRICHOPTERA (LI 

16.67  2 0 . 0 0  1 .01 
100.00 1b.67 20.00 1 .01  

****99 20.00 *o**ff . a 1  

"""-."- """_ 
TOTAL- 6 - 0 5  

( A I -  ADULT 

( N I -  NYMPH 
( E )  - EMERGENT 

( P I -  PLIPAE 

****e*- NOT APPLICABLE 
( L l -  LARVAE 

a 



beak 

S I T E :   h A T  CHEEK STATION 10 
UATE:  AUGUST , 5, 1 9 7 7  
LENtiTH  CATEGORY: 51-100 M M  
! Y A W L E   S I Z E :  8 
PiO. OF .EMPTY STOMACHS: 0 

FREQUENCY 

FOOD I T E M  
OCCURRENCE NUMERICAL  VOLUMETRIC ACTUAI. ACTUAL 

( % )  ( % I  ( 5 )  NUMBEI? VOLUME 
""""""""""""""""""""""~"""""""","""""~ 

k iHEHEROPTEA&  (N)  100.00  28.50  26.92  55  .35 
U ; ' J IDENTIF IED ANIMAL 100.00 9 9 Y Y 0 9  I709911 .23 
DIPTERA ( L )  

17.69 
100.00 46.63  29.23 

COLEOPTERA. (L )  62.50  12.31  17  .16 8.81 
.38 

9 I P T E R A   ( P )  62.50 
THICHOPTERA (L )  

8.29 6.92  16  .09 

PLECOPTERP I N 1  
37.50 
25.00 

2.07 
1.55  2,31 

3.08 4 . 0 4  

USTRACOOA 25.00 4.15  1.54 8 
3 -03 

.02 

TOTAL- 1 9 3  1.30 

9n 

"""_,""""" 

( A )  - ADULT 
( € 1 -  EMERGENT 
( N ) -  NYYPH 



beak 

S I T E :  HAT CREEK STATION 10 
DATE:  4UGUST 59 1977 
LENGTH  CATEGORY: 101-150 M M  
SAMPLE S I Z E :  6 
NO. OF EMPTY STOMACHS: 0 

FREQUENCY 
OCCURRENCE NUMERICAL  VOLUMETRIC  .ACTUAL  ACTUAL 

FOOD I T E M  ( % I  ( 8 )  ( % I  NUMBER VOLUME 
.................................... 

U N I D E N T I F I E D   A N I M A L  
D I P T E R A   ( L 1  
EPiiEMEROPTERA ( N )  
THICHOPTERA ( L )  
ObTXhCODA 
COLEOPTERA ( 4 )  
PLECOPTERA (N) 
COLECPTERA (L) 
MINERAL 
HYMENOPTERA 
NENATOOA 

UIPTEHA  (P )  
INSECTE 

T O T A L -  

100.00 ****** 
100.00 

14.2? 
47.06 

66.  h7 15.03 
12.32 

66.67 
8.87 

7.19  3.94 
50.00 9.90  2.96 
33.33 1.96  1.48 
33.33 1 e96 
33.33 

1.40 

16.67 *****e 
1.31 

49.26 
.99 

16.67 -65 
16.67 

.49 
2.61 

16.67 
.99 

-65 
16.67 

.49 
11.76  2.46 

( A )  - ADULT 

(N)- NYMPH 
( E )  - EMERGENT 

( P ) -  PUPAE 

******- NOT APPLICABLE 
( L )  - LARVAE 

72 -25 
23 
11 

.18 

.08 
15 
3 

-06 

3 
.03 

2 ' . 0 2  
-03 

***** 1.00 

4 
1 . 0 1  

1 
.02 
.01 

18 .05 

153 2 . 0 3 .  
""""""""_ 



beak 

S I T E :   H A T  CREEK S T A T I O N  1 0  

L E ~ l i T i l  CATEGORY: 151-200 YM 
54MPLE SIZE: 4 
NO. OF EMPTY  STOMACFS: 0 

O A  rE : AUGUST 5, 1 9 7 7  

FREQUENCY 
OCCURRENCE NUMERICAL VOLUMETRIC ACTUAL ACTUAL 

FOOO I T E M  ( % )  ( % )  ( '6)  NUMaER. VOLUME 
.................................... 

E.PHE&ROPTERA (N) 100.00  44.72  10.16 
U ~ V I U E N T I F I E D   A N I M A L  100.00 

5 5  .37 
4.95 

3 I P T t R A  (L)  100.00 
.19 

TRICHUPTERA LL) 
17.07  3.02 21 

100.00  10.57 
.ll 

NEMATODA 75.00  2.44 
3.30 13  .12 

PLECOPTERP ( N )  75.0C 
.R2 3 

4.88  5.22 6 1 9  
. 0 3  

'N INERAL 
OSTHACODA 

so. 00 ***U*ir 28.02 ***a* 1.02 
50.00 

HYMENOPTERA 25.00 
a. 9 4  1.10 11 
2.44 

.04 
.55 

1:VSECTA 
3 .02 

COLEOPTERA ( L )  
25.00 .8l 
25.00 .81 

.27 1 

.27 
.01 

D I P T E H A   ( P )  25.00  7.32 
1 .01 

OET~~ITUS 25.00 
1.10 9 

41.21 
.04 

***** 1.50 

1 2 3  3 .64  

****so **e** 

**.*s** 

T O T A L -  
""""""""_ 

( A ) -  ADULT 
( E ) -  EMERGENT 
( N l -  NYMPH 
( P I -  PUPAE 

******- NOT APPLICABLE 
( L )  - LARVAE 



I 

.m 

m 

," 

u- 

I 

beak 

S I T E :  HAT  CREEK STATION 1 0  
DATE: AUGUST 5, 1977 

SAMPLE S I Z E :  3 
LENGTH CATEGORY: GREATER THAN 2013 M M  

N O .  OF EMPTY  STOMACHS: 0 

. 

FREQUENCY 
OCCUQRENcE  NUMERXCAL  VOLUMETRIC  ACTUL,L  ACTUAL 

FOOD I T E H  ( 8 )  ( 5 6 )  ( 8 )  NUM8E:R VOLLJHE 

U N I D E N T I F I E D   C N I M A L  1 0 0 . 0 0  
D I P T E H A   ( P )  

**c*** 17.86 ****U. .os 
100.00 . 28.57 

OIPTERA ( L )  
10.71 

66.67 
€' 

28.57  10.71 el - 0 3  
03  

EPHEflEROPTERA (.N) 33 .33  14.29 10.71 
.HYMENOPTERA 3 3 . 3 3  

:I 03 

COLEOPTERA ( A )  
4.76 

33 .33  
3 .57  

4.76 
1 .Ol 

NEMATODA 
3.57 

3 3 . 3 3  
I 

4.76 
.01 

THICHOPTEPA ( L )  3 3 . 3 3  
3 .57  I. 

4.76 3.57 
.01 

INSECTA 3 3 . 3 3  
I. .01 

U N I D E N T I F I E D   P L A N T  33 .33  
9.52  7.14 i! .02 

28.57 . ****(I .08 

2 I. .28 

""""""""~""""""""""""""""""""""~"""""- 

***9** 

TOTAL- 
"""..""""" 



beak 

rl S I T E :   h A T  CREEK STATION 14 
DATE: AUGUST 
LENGTH  CATEGORY:  GREATEP  THAN 200 PM 

NO, OF EMPTY  STOMACHS: 0 

4 ,  1977 

I SA.nlPLE S I Z E :  .3 

FSEQUENCY 
OCCURRENCE NUMERICAL  VOLUMETRIC  ACTUAI-  ACTUAL 

FOOD I T E M  (556) ( % I  ( % I  NUMSEI? VOLUME 
””“”””””””“”””“”””””””””””--””-”““”””- 

HYMENOPTERA 100.00 15.74  12.73  17 
U N I D E N T I F I E D  ANIMAL 100.00 * * * *Q*  * *us*  . 28  

14 

DIPTERA ( L )  
25.45 

100.00 
INSECTA 100.00 

41.67 20.00 45 
20.00 3 4  

.22 

EPHEMEROPTERA (N) 66.67 
.22 

C L ~ L E W T E H A   ( L )  66.67  2.78 
1.85 1.82 2 .02 

2.73 
UETHITLJS 66.67 

3 03 

COLEOPTERA ( A )  
13.64 EQ44Q .15 

33.33 
ARACHNOIDEA 

1.85’ 
33 .33  

1.82 
.93 

2 
- 9 1  

.02 
1 

O I P T E e 4  (PI  33.33  3.70 .91 4 .Ol 
.Ol 

109 1.10 

31.48 

Q+Q4Q4 

TOTAL- 
””””””””- 

( A ) -  ADULT 
( € 1 -  EMERGENT 

( P ) -  PUPAE 
1N)-  NYMPH 

**Q*Q9- NOT APPLICAJLE 
( L ) -  LARVAE 



heak 

S I T E :  HAT CREEK STATION 14  
UATE: AUGLJST 
LENGTH  CATEGORY: 101-150 VM 

49 1977 

N O .  OF EMPTY  STOMAC3S: 0 
SAMPLE  S IZE:  5 

OCCURRENCE NUMERICAL VOLUMETRIC ACTUAL ACTUAL 
FREQUENCY 

FOOD I T E M  ( e )  (6) ( % )  NUMdER VOLUME 
...................................... 

U I P T E H A   ( L )  
OI .J IDENTIFIED  ANIMAL 

100.00 
80.00 

70.45 31.25 31 15 

LPHEMEROPTEHC ( N )  
U I P T E R A   ( P I  

40.00 
40.00 

11.36  6.25 5 .03 
4.55 

IMINERAL 20.00 
4.17 2 . 0 2  

YYMENOPTEPA 
10.42 49094 05 

20.30 
ARACHNOIDEA 

9.09 
20.00 

13.33 4 a 04 

COLEOPTERA (L) 
2.21 

20.00 2.27 
2.08 ' 1  
2.08 1 

.01 

.Ol 

TOTAL- 44  48  

900949 -35.42 *Quo* .17 

4990QQ 

"""_.""""" 

( A ) -  ADULT 
( E )  - EMERGENT 



- SITE: H A T  CREEK STATION 14 
. DATE: AUGUST 4 ,  1977 

LEFiGTH  CATEGORY: 151-200 MM 

* 5AHPLE SIZE: 6 
NO. OF EMPTY STOMACHS:  0 

a OCCURRENCE NUMEHIC4L VOLUMETRIC ACTUAL ACTLJAL 
FOOD I T E M  ( % )  (8) ( % )  NUMdER VOLUME 

FQEQUENCY 

”””””””””””””“”””-”””””””“”””””””“”“- 

w HYMENOF‘TERA 8 3 . 3 3  1 4 . 0 0  4.80 21 -19 
U N I D E N T I F I E D   A N I M A L  8 3 . 3 3  QeQQQQ 7.58 *OQQO ’ .30 
UIPTEHA ( C )  5 3 . 3 3  54.00  13.64  81 .54 
INSECTA ,50.00 14.67 
CULEOPTERA (L) 50.00 

22 . -19 

EPP~EMEROPTERA (N) 
5 . 3 3  26.52 8 1.0s  

33.3-3  1.33 -51 2 
PLECOPTEflA ( V I  33 .33  

.a2 
3 . 3 3  

UIPTERA ( P I  
1.26 5 .05 

II 3 3 . 3 3   3 . 3 3  -76 5 
41NED4L 16.67 

03 

COLEOPTERA ( a  I 16.67 
.7b e**** . . 0 3  

2 . 0 0  
4!?&CHNOIOEI 

76 3 
14.67 

. 0 3  

T+?ICYOPTER4 ( L )  
-67 .25 1 .Ul 

16.67 67  -25 1 .01 
PLECOPTEHA ( E )  16.67  .b7 -25 
OETR I T U S  16.67 O * * O * Q  37.98 *QQQ* 1.50 

1 .01 

150 3 . 9 6  

.I 
4.80 

QOQOOQ - 
.. 

TOTAL- 
”””_.””””” 

( A )  - ADULT 

(N1-  NYMPH 
( E l  - EMERGENT 

( P )  -. PUPAE 
( L )  - LARVAE 
Q*QQ*Q- NOT APPLICABLE 



beak 

S I T E :  HAT CREEK 
OATE: AUGUST 
LENGTH  CATEGORY 
SPHPLE  S IZE:  
NU. OF EMPTY ST 

FOOD I T E V  

S T a T I O N  14 
49 1977 

7 
: 51-100 " 

ONACHS: 1 

OCCURRENCE NUMERICAL VOLUMETRIC AcTUA,- ACTUAL 
(SI (b) ( % )  NUMBEI? VOLUME 

FREQUENCY 

""""""""""""""""""""""""""""""-,"""""- 

UNIOENTIFTED  ANIMAL 
DIPTERA (L1 57 If4 

85.71 * * Q * * *  22.41 ***QQ .13 
86-51  

CPHENEROPTERA I N )  
60.34 79 

42.86 
.35 

9 . 5 5  
'78 I CHOPTERA ( L  1 14.29 

12.07 9 .07 

PLECOPTERA ( N )  
1.10 

14.29 
1 .?2 1 .Ol 

CLADOCERA 14.29 
1.10 

3 . 1 0  
1.72 1 .01 
1.72 1 .01 

TOTAL- 91 :5a 
-"""..""""- 

( A )  - ADULT 
(E) - EMERGENT 
( N I -  NYMPH 
( ? I -  PUPAE 

**+*'OQ- NOT APPLICABLE 
( L )  - LARVAE 
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