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Dear M r .  Zinkan: 1 

We a r e  pleased t o  t ransmi t  herewith a report- e n t i t l e d  " Pac i f i c  
R i m  Nat ional  Park Aquatic Resources Inventory" . T h i s  s tudy was funded by 
your branch and t h e  work was clone i n  f u l f i l l m e n t  of t h e  requirements  
of Contrac ts  No. WR 9-75 and WR 11-76. 

The purpose of t h e  s tudy was t o  ga ther  b a s i c  q u a l i t a t i v e  and 
q u a n t i t a t i v e  l imnologica l  da ra  on s e v e r a l  l a k e s  and streams i n  P a c i f i c  
R i m  National  Park. T h i s  information was requi red  a s  p a r t  of a resource  
inventory programme being conducted i n  t h e  Pprk and d s o  f o r  planning,  
i n t e r p r e t a t i o n ,  and resource  management. 

We hope t h e  r e p o r t  meets your expecta t ions .  Your comments and 
sugges t ions  concerning t h e  r e p o r t  w i l l  be welcomed. 

Yours s i n c e r e l y ,  

Dwiggt R .  Mudry, P d D .  

Roderick 'B. Green, B.Sc. 
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lntroduct ion 

The presen t  r epo r t  on aquatic r e s o u r c e s  of Pacif ic  Rim National 

P a r k  (PRNP)  f o r m s  par t  of a r e s o u r c e  inventory programme being 

conducted in  each  National P a r k  in  P a r k s  Canada ' s  Wes te rn  Region. In  

addition to providing bas ic  aquatic inventory information this  study a l so  

provides information f o r  planning, in terpreta t ion,  and r e sou rce  management.  

A t h r ee  y e a r  project  was organized i n  t h r ee  genera l  sections:  (1) field 

collections:  (2) examination and identification of ma te r i a l  f r o m  field 

collections;  ( 3 )  comparat ive  study, in terpreta t ion,  and r epo r t  preparat ion.  

T h e  f i r s t  y e a r s  work on Hobiton and Tsus i a t  lakes  was conducted by M r .  R .  

Wickstrom of the  Canadian Wildlife Serv ice  but due t o  demands f o r  his  

p r e sence  e l sewhere  this  p rog ramme  was completed by the presen t  authors .  

Pacif ic  Rim National P a r k  lies along the  southwest coas t  of Vancouver 

Is land,  Br i t i sh  Columbia.  

negotiations f o r  land acquisi t ion and es tabl ishment  of boundaries proceeding 

a t  the presen t  time. 

sect ion and the  Broken Group Is lands a r e  now fa i r l y  well es tabl ished.  

boundar ies  for the  P h a s e  111 sect ion which included the "West Coast  Tra i l"  

between Bamfield and P o r t  Renfrew, B . C . ,  a r e  not yet  established.  Most 

of the  sites examined dur ing the presen t  study a r e  within the proposed 

P h a s e  III sect ion of the  P a r k .  

The P a r k  itself is a relat ively new entity with 

Boundaries  f o r  P h a s e s  I and I1 including the Long Beach 

Exact  

The aquatic resources inventory included an examination of 7 s t r e a m  

and 7 lake sites. At mos t  s i t e s  s eve ra l  aspec ts  of limnology were  investigated 
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including macrophytes ,  phytoplankton, zooplankton, benthic inver tebra tes ,  

shore l ine  inver tebra tes ,  water  chemis t ry ,  s t r e a m  flow, morphometry,  and 

tempera ture .  

P h a s e  I11 sect ion of the  P a r k  by only a f ract ion of the many s t r e a m s  which 

flow through the P a r k .  

The  study s i t e s  included a l l  of the m a j o r  lakes  in the proposed 

Lakes and s t r e a m s  in  Phase  I and I1 sect ions  of the  P a r k  offer  few 

A study by Meyer  and Bryan (1974) opportunites f o r  f r e shwa te r  fishing. 

on the prospects  for  f ish- rela ted recrea t ion  in  PRNP reported 98% of the 

v i s t o r s  surveyed expressed  a d e s i r e  to  take par t  in " some f ish- rela ted 

recrea t iona l  activity". 

had fished in  f reshwater .  With the inclusion of the Phase  I11 section to  PRNP 

the dominant mar ine  orientation of the P a r k  wi l l  be  somewhat offset and 

complimented 

Only 3 .  7% of the v i s i to rs  surveyed indicated they 

by seve ra l  l a rge  f reshwater  lakes  i n  the Nitnat a r e a .  

T h e r e  a r e  no r epo r t s  of comprehensive limnological s tudies  on any of 

the  lakes  o r  s t r e a m s  in  the P a r k .  

potential of s o m e  of the lakes  and s t r e a m s  of the P a r k .  

based on observat ions  on s t r e a m s  i n  the Long Beach a r e a  and interviews 

with local  res idents .  Data on salmon runs  to Hobiton and Lxeewhat lakes  

a r e  contained in  annual r epo r t s  on salmon spawning s t r e a m s  (Department 

of the Environment,  F i s h e r i e s  Service) .  The  presence  of sockeye and chum 

sa lmon in  the Hobiton River  has been reported by Northcote e t  a l .  

and A r o  and Shepard (1967). 

amphipod spec ies  in Kennedy Lake and Lost Shoe Creek .  

Ward (1970) reported on the spo r t  f i shery  

His conclusions were 

(1964) -- 
Bousfield (1958) reported the presence of 
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Methods 

1. Phys ica l  measu remen t s ,  t empera tu re ,  pH, secchi .  

Extensive sounding f o r  the establishment of contour l ines  was done 

on each  lake using a Lowrance F ish-Lo-K-Tor  o r  Fu r ino  recording 

electronic  sounder .  

f r o m  1 : 50,000 sca l e  topographic maps  produced by Surveys and Mapping 

Branch ,  Department  of Mines and Technical  Surveys.  

Lake shore l ine  and s t r e a m  gradient were  established 

F ie ld  analysis  of water  t empera ture ,  pH, and light penetration were  

per formed a t  the t ime  of collection using the following instrumentation: 

Yellow Springs Instrument  Co.  Model 425C the rmis to r  
t e le thermometer  (cal ibrated a t  each  use  against  a 
m e r c u r y  the rmomete r )  

Hellige Pocket Compara tor  optical  pH m e t e r  

20-cm diameter  black and white Secchi disk 
2 .  Streamflow. 

Measurement  of water  velocity a t  each s t r e a m  site was made by 

immers ing  a G. M. Mfg. Co. Pygmy flow m e t e r  for one minute a t  two 

different locations. 

Division, Canada Cen t r e  f o r  Inland Wate r s ,  Burlington, Ontar io .  

3 .  Water  chemis t ry .  

Cal ibrat ion of the flow m e t e r  was done by the Hydraulics 

Water  s a m p l e s  for  chemical  analysis  were  collected in  2 l i t e r  plastic 

bott les and 50 millilitre Sovirel  bott les supplied by the inland Waters  

Di rec tora te ,  Water  Quality Branch .  

with water  and then i m m e r s e d  and allowed to  fill.  

The  bottles were  f i r s t  r insed 

Analysis was done by 
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t he  Ca lga ry  and Vancouver Labora tor ies  of the Inland Waters  Directorate ,  

Wa te r  Quali ty Branch.  

4. Benthic samples .  

Lake benthos w e r e  sampled with a 6 inch Ekman dredge.  Dredge samples  

were taken a t  t h r ee  or m o r e  represen ta t ive  s i t e s  o r  depths a t  each lake. 

Samples  f r o m  each  site were  washed through a m e s h  bottomed pail (aper ture  

s i z e  0.36 x 0 . 5 2  m m )  and so r t ed  live in  a white enamel  t ray .  

S t r e a m  inver tebra tes  were  sampled using a "D" shaped net,  measuring 

30 cm wide by 27 c m  long. The  net was placed on the s t r e a m  bottom and 

the subs t r a t e  immediately  ups t ream was then disturbed by kicking i t  vigorously 

with one foot f o r  30 seconds.  The  a r e a  sampled,  a s  well a s  i t s  depth, was 

approximate ,  but was es t imated to  be about 0.18 to 0 .2m2 and 4 to 8 c m  deep. 

Two o r  t h ree  kick samples  w e r e  taken a t  represen ta t ive  s i t e s  a t  each 

s t r e a m  s i te .  

and preserved  in  70% ethanol f o r  l a t e r  identification and weighing. 

5. Shoreline s amples .  

The  dislodged inver tebra tes  and debr i s  collected were  sor ted  

Shoreline collections of inver tebra tes  were made at  each lake s i t e  f o r  

a 30 minute interval .  

to  a depth of approximately 50 cm. 

sought by lifting rocks ,  moving logs,  o r  agitating the bottom o r  rooted 

macrophytes .  

net, while m o r e  sluggish spec ies  were  removed from the rocks  o r  debr i s  

with the aid of forceps .  

Shoreline samples  were  taken f r o m  the water ' s  edge 

The  shorel ine inver tebra tes  were  

V e r y  act ive inver tebra tes  were  caught with a sma l l  hand 

A minimum of 100 m e t r e s  of shorel ine were  
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covered  a t  e a c h  s i t e .  

for  examination.  

6 .  Phytoplankton. 

Inver tebra tes  collected were  preserved  in  70% ethanol 

Phytoplankton s a m p l e s  from a l l  l akes  were  collected by i m m e r s i n g  a 

100 ml  "cabinet oval" bo t t l e  t o  a depth of 2 . 0  and 0 .5  m in 1974 and 1975, 

respect ively .  

by adding 3 drops  of Lugol 's  iodine to the  bottle. 

7. Zooplankton. 

Samples  were  immediate ly  preserved  f o r  l a t e r  identification 

Zooplankton was collected using a 25 cm d iame te r  Wisconsin s ty le  

plankton net  with a mean  ape r tu re  of approximately 70 microns .  

ve r t i ca l  tows were  made  f r o m  each  of one o r  m o r e  depths n e a r  the  cen t r e  

of each  lake.  

8.  F i s h  collections.  

Two 

Samples  were  preserved  in 5 % formal in  fo r  l a t e r  identification. 

F i s h  were  sampled in s t r e a m s  along a minimum s t r e a m  section of 100 

m e t r e s  with the  aid of a Smith-Root Type V E lec t ro f i she r .  

was  accomplished using gil l  nets  of s e v e r a l  mesh s i z e s .  

of 10 m e t r e  sec t ions  of 3 / 4 ,  l i ,  2, 33 inch m e s h  were  s e t  overnight i n  each 

of the  lakes  sampled .  

9 .  Macrophytes.  

Lake sampling 

Nets composed 

Representat ive  macrophytes  f r o m  each  lake were  collected by hand, 

d r i e d ,  and pressed  fo r  l a t e r  identification. 

10. Labora tory  methods.  

Labora tory  analysis  of plankton, benthic, and f ish  samples  consis ted 
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of counting the number of individuals in  each sample  and identifying each 

spec ies  to the  lowest taxonomic level possible with available taxonomic keys.  

T h e  level  of identification achieved thus va r i e s  with the par t icular  group 

examined. General  taxonomic re fe rences  used a r e  given i n  Appendix C .  

P r e s e r v e d  phytoplankton samples  were examined using a Wild M40 

inverted microscope according to the technique of Utermohl (1958). 

were  identified and enumerated at  magnifications of 750 and l8'75X with 

phase cont ras t  illumination. 

Species 

During f i sh  examination weight, fork length, s ex  and age were recorded.  

Food i tems  in  f ish  s tomachs  were  identified to the family o r  o rde r  level and 

the i r  presence was quantified a s  absent ,  r a r e ,  frequent,  o r  abundant. An 

e s t ima te  was made of the percent fullness of each s tomach examined. 

F i s h  were  aged by examination of otoliths under a binocular dissect ing 

microscope .  

A g los sa ry  of technical  t e r m s  is provided in  Appendix A .  
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Results & Discussion 

The  r e su l t s  of physical ,  chemical ,  and biological investigations on lakes 

and s t r e a m s  in the study a r e a  a r e  presented i n  the following section.  

a r e  a r ranged  alphabetically, followed by s t r e a m s .  

Lakes 

Bathymetr ic  maps  with collection s i t e s  f o r  each lake a r e  presented 

alongnith physical and chemical  data and a summary  of information on aquatic 

f lora  and fauna. 

the  following aspects :  morphometry,  t empera ture ,  Secchi visibility, water  

chemis t ry ,  macrophytes ,  phytoplankton, zooplankton, benthos, shorel ine 

inver tebra tes ,  and f ish.  

chemis t ry ,  macrophytes ,  phytoplankton, zooplankton, lake benthos, shoreline 

inver tebra tes .  s t r e a m  benthos, f i s h ,  and  f i s h  s tomach contents for  al l  the 

s i t e s  examined. 

Following each  map  sheet a shor t  discussion is provided on 

Appendix tables 1-8 contain detailed data on water  

The  limnology of lakes  in the study a rea  (F igu re  1) has not been previously 

examined. 

while the o thers  a r e  in the "Nitnat Triangle" a r e a  approximately 22 km 

southeast  of Bamfield.  The  lakes a r e  0 . 5  to 14 km from the ocean in  the 

Coastal  Western Hemlock Riogeoclimatic Zone (Krajina 1969) of the Juan  

De Fuca Provincial  F o r e s t .  

i n  the a r e a  a r e  pror ly  marked and heavily overgrown. 

Kichha Lake is located approximately 5 km southwest of Hamfield  

The lakes  a r e  not easi ly  accessible  a s  t r a i l s  

The  c l imate  of Pacific Rim National P a r k  i s  charac te r ized  by high 

ra infal l  (mean  of 307 c m / y e a r )  and little seasonal  variation in tempera ture  





9 

0 (mean  monthly t empera tu re  v a r i e s  f r o m  5-14 ). 

cool and wet i n  compar i son  with the  d r y  conditions exist ing i n  mainland 

Br i t i sh  Columbia (Dooling and T u r n e r  1972). Most collections made  dur ing 

the  presen t  study were  during August, 1975. August is normal ly  the dryes t  

month of the  y e a r  (8 .8  cm mean  precipitat ion) but dur ing 1975 a period of 

a lmos t  continual r a in  caused  lakes  and s t r e a m s  to be abnormal ly  high. 

Summers  a r e  re la t ively  

In sp i te  of p rob lems  with weather  ove r  225 spec i e s  of aquatic plants and 

an imals  were collected and identified f r o m  the study a r e a .  

aquatic plants and an imals  a r e  v e r y  s m a l l  and unnoticed by the  casua l  o b s e r v e r ,  

but a l l  f o r m  an  important  par t  of aquatic ecosys tems  i n  the study a r e a .  

Most  of these  
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C heewhat l ake  

A .  Morphometry (see m a p  sheet) .  

Cheewhat Lake has a su r f ace  a r e a  of 153.5 ha and is fa i r ly  shallow with 

The  lake has a single main basin with a fa i r ly  a maximum depth of 2 0 . 2  m. 

r egu la r  shorel ine.  Shoreline development is low at  1.41. The  ca tchment  

a r e a  is rela t ively s m a l l  and only about 5 t imes  the lake sur face  a r e a .  

m a j o r  s t r e a m s  en te r  the  lake although a few s m a l l  ones were  noted. 

outlet of Cheetwhat connects direct ly  with the Pac i f i c  Ocean via the Cheewhat 

R ive r .  

B. Tempera tu re  ( s e e  m a p  sheet) .  

N o  

The 

A well-established metalimnion was observed a t  a depth of 8-10 m .  

Tsmperatures  were  18.2' at  the su r f ace  and 8. lo a t  10 m .  

C .  Secchi visibil i ty ( s e e  map  shee t ) .  

Cheewhat lake was moderately  c l e a r  with a Secchi visibil i ty of 6 m at  

the  time of sampling.  

zone. 

D. Water  chemis t ry  (Appendix Table  1). 

Approximately 80% of the bottom was within the euphotic 

Cheewhat lake had a re la t ively high concentration of dissolved substances  

when compared  with o ther  lakes  in the study a r e a .  

E .  Macrophytes(Appendix Table  2 ,  m a p  sheet)  

La rge  beds of emergent  ca t ta i l s  (Scirpus validus) nea r  the lake outlet 

A t  l eas t  10 o ther  macrophyte species  were  a dominant fea ture  of this  lake. 
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we re  found along the  s h o r e  of th i s  lake.  

spp .  , Bras in ia  s c h r e b e r i ,  and Nuphar polysepalum. 

F. Phytoplankton (Appendix Table  3 ) .  

Most common were  Potamogeton 

Thir ty- nine phytoplankton spec i e s  were  identified i n  wate r  samples  

f r o m  Cheewhat Lake.  

was  modera te ly  high a t  1613 pe r  ml. 

and Baci l lar iophyceae (dia toms)  each  made up f r o m  17-3370 of the  standing 

c r o p .  The  chrysophyte Chromulina sp .  and the dia tom Rhizosolenia longiseta 

we re  the mos t  common spec ies .  

G .  Zooplankton (Appendix Table  4) .  

The phytoplankton b iomass  in  t e r m s  of ce l l  numbers  

Chlorophyta, Cyanophyta, Chrysophyta,  

T h e  standing c r o p  of zooplankton f r o m  Cheewhat Lake was intermediate  

The  percentage composition of the re la t ive  to o ther  lakes  in the study a r e a .  

zooplankton was a lmos t  equally divided between Rotifera and CLadocera. The 

c ladoceran D. - brachyurum dominated the  community,  followed closely  by the  

ro t i f e r  Asplanchna sp.  

H.  Benthos (Appendix Table  5). 

Nineteen inver tebra te  spec i e s  were  collected in d redge  s amples  f r o m  

Cheewhat Lake. T h e  chironomids Tany ta r s i s  s p .  and Phaenopsectra  sp .  along 

with the  dipteran Chaoborus  as t icopus were  the  mos t  common inver tebra tes  

collected.  

h ighes t  of any lake  in  the study a r e a .  

- 

The  b iomass  of benthic inver tebra tes  in  Cheewhat Lake was the  

Crayf i sh  (Astacus  klamathensis)  and rough skinned newts (Ta r i cha  

granulosa)  we re  collected along with f ish  in  the gi l l  nets .  

quite common in Cheewhat Lake and were  frequently seen crawling along 

Newts were  
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the  bottom. Andrusak and Northcote (1970) found " salamanders"  formed 

an  important  par t  of the diet  of l a r g e r  cutthroat t rout  in Marion Lake, B.C. 

I. Shoreline inver tebra tes  (Appendix Table  5). 

Shoreline collections made along the north  end of the lake yielded 21 

inver tebra te  spec ies .  

w e r e  s eve ra l  spec ies  of water  mi tes  (Acarina) .  

J .  

The  amphipod Hyalella azteca was v e r y  common a s  

F i s h  (Appendix Table  7 and 8).  

Pr ick ly  sculpin (Cottus a spe r )  and young coho (Oncorhynchus kisutch) -- 
w e r e  the mos t  common f i sh  collected in  gill nets .  

100 yds of net set was the highest f o r  this  spec ies  in any of the lakes examined 

(see Appendix Table  9). 

(Oncorhynchus nerka)  caught in  Cheewhat Lake indicate spawning activity 

may  take place along the lake s h o r e  o r  in a number  of s m a l l  c r e e k s  o r  spr ings  

enter ing the lake.  The  importance of sma l l  inlet s t r e a m s  o r  spr ings  a s  

spawning a r e a s  fo r  sockeye was not deter tnined N o  young sockeye were  

collected in gillnet s amples .  

The  catch of 24 coho per  

Mature  male  and gravid female  sockeye salmon 

The  ca tch  of 2 cut throat  t rout  (Salmo Clark c la rk i )  per  100 yds of net  set 
---_I 

overnight was the lowest f o r  this spec ies  in any lake in the study a r e a .  

Severa l  o ther  cutthroat t rout  w e r e  collected by angling. 

The re la t ive  abundance of food i t ems  f rom stomach contents of f ish  

examined f r o m  Cheewhat Lake is given in  the following Table: 

Composi t ion i n  decreas ing  o r d e r  of importance 
Cut throat  Sockeye Coho P r i ck ly  sculpin Stickleback 

F i s h  Debr i s  A c ar ina Algae Mist. 
Coleoptera Cladocera  Cladocera  

-- 

C opepoda C hironomidae 
Diptera Plecoptera  
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One of the s t ickleback examined f r o m  shorel ine collections was parasi t ized 

by Ligula s p .  

adult  sockeye examined. 

The  nematode Philonema oncorhynchi was found in  75% of the - 

Information f r o m  res idents  of the Tofino-Uclulet a r e a  (Ward 1970) 

indicates  that  steelhead (Salmo giardner i )  may  also be presen t  in Cheewhat 

Lake.  

i n  annual sa lmon s t r e a m  spawning r epo r t s  (Department of the Environment,  

F i s h e r i e s  Service)  indicate approximately 100- 2000 sockeye,  50-500 coho, 

and up  to 400 chum sa lmon (0. keta) may uti l ize Cheewhat River  during 

spawning runs .  

1/3 of the r iver ;  c o h o  w e r e  noted in  the upper  2 / 3 ;  sockeye were observed i n  

Cheewhat Lake. 

No data a r e  available on this  spec ies  in  Cheewhat Lake. Data contained 

- -  
In these r epo r t s  chum were  believed to  u se  only the lower 
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Hitchie Lake 

A .  Morphometry (see m a p  sheet) .  

Hitchie Lake, one of the sma l l e s t  lakes  examined in the study a r e a ,  

The lake is h a s  a su r f ace  a r e a  of 34.8  ha and a maximum depth of 2 9  m .  

s i tuated in  a nar row valley and is divided into two main basins  of a lmost  

equal  s i ze .  The  lake is v e r y  nar row and has a high shorel ine development 

a t  2.52. 

and r e su l t s  in  a fa i r ly  rapid water  renewal t ime  of 0.58 y e a r s .  

Lake is drained by Hitchie C r e e k  into Hobiton Lake. 

a r e  presen t  on Hitchie Creek  about midway between the two lakes .  

B. Tempera tu re  (see m a p  shee t ) .  

The  catchment  a r e a  (16611 ha) is quite l a rge  f o r  the su r f ace  a r ea  

Hitchie 

Two l a rge  water  fa l ls  

A well  defined metalimnion occur red  a t  a depth of 4-8 m e t r e s .  Tempera tures  

w e r e  18' a t  the  su r f ace  and 6.5' a t  10 m .  

t he  study a r e a  on F e b r u a r y  19, 1975, only Hitchie 

i c e  covered.  

During a reconna i ssance  flight over  

Lake was found to be 

Small  round openings approximately 20 c m  in d i ame te r  were  

observed  a t  in te rva ls  a c r o s s  the  i c e  surface.  These  may have been caused 

by bubbling g a s e s  f r o m  the lake bottom. 

C .  Secchi visibil i ty ( s e e  m a p  sheet) .  

Hitchie Lake was f a i r l y  c l e a r  with a Secchi visibil i ty of 8.0 m .  

Approximately 93% of the bottom was within the euphotic zone. 

D. Water  chemis t ry  (Appendix Table  1). 

Water  chemis t ry  s amples  indicate Hitchie Lake was s i m i l a r  to  o ther  

lakes  in  the study a r e a ;  v e r y  dilute with low TDS, conductivity, and slightly 
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acidic .  

E .  Macrophytes (Appendix Table  2 ) .  

Specimens of Potamogeton gramineus  were  observed  i n  the shallows of - 
the  south-west end of the lake (see m a p  sheet) .  L i l ies  (Nuphar polysepalum) 

and Menyanthes t r i fol ia ta  were  observed in  the nar rows  a r e a  nea r  the middle 

of the lake.  

-- 

F. Phytoplankton (Appendix Table  3 ) .  

Twenty-five phytoplankton spec ies  were  identified f r o m  Hitchie Lake,  

Blue-green algae (Cyanophyta), mainly Chroococcus sp .  and Merismopedia 

tenuiss ima dominated the phytoplankton of Hitchie Lake. The  chrysophyte 

Chromulina s p .  , and the xanthophyte Chlorocloster  sp .  were  a lso 

important .  

1645 per  ml .  

in the study a r e a  in  the a lmos t  total absence of dia toms (Bacil lariophyceae).  

G .  Zooplankton (Appendix Table  4 ) .  

- -- 

- - 
Tota l  ce l l  counts for  Hitchie Lake were  moderately high a t  

The phytoplankton of Hitchie Lake differs f rom mos t  o the r s  

The  standing c r o p  of zooplankton f r o m  Hitchie Lake was the lowest of 

the  lakes  examined during the fa l l  of 1975 and was only slightly higher than 

sp r ing  samples  f r o m  Squalicum Lake. The  zooplankton counts were  

dominated by two ro t i fe rs  (Conochilus sp.  

only s m a l l  numbers  of c rus t acea .  

was the mos t  common crus tacean .  

H. Benthos (Appendix Table  5). 

and Polyar thra  vulgar is)  with 

The  copepod Diaptomus oregonensis - 

Only seven inver tebra te  spec ies  were  collected i n  benthic samples .  

Of these ,  the chironomid Phaenopsectra sp .  was the mos t  common. T h e  
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biomass  of benthic 

lake examined in  the study a r e a .  

animals  in  Hitchie Lake was the lowest for  any 

The  mean  weight f o r  the th ree  dredge 

samples  was 0 . 0 6  g / m  2 . 

I. Shoreline inver tebra tes  (Appendix Table  5). 

Shoreline collections made approximately 100 m from the outlet 

yielded only 6 inver tebra te  spec ies .  

common along the shore l ine .  

F. F i sh .  

Amphipods and corixid beetles w e r e  

N o  f ish were  collected by the gill net set in  Hitchie Lake. No f i sh  

activity was observed throughout the length of the lake o r  i n  the outlet 

s t r e a m  during the present  study. 

The  two waterfalls  on Hitchie C r e e k  undoubtedly prevent migration to o r  

f r o m  Hobiton Lake. 

Hitchie Lake is possibly devoid of f ish .  
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Hobiton Lake 

A .  Morphometry (See m a p  sheet) .  

Hobiton is the  l a rges t  lake in  the  P a r k  with a su r f ace  a r e a  of 355 ha 

and a maximum depth of 107 m. 

l a r g e  deep basin with r a t h e r  uniform slope.  

r e s u l t s  in a high s h o r e  development of 2.25.  The catchment  a r e a  includes 

the  a r e a  drained by Hitchie Lake and is the l a rges t  of any lake in  the study 

a r e a .  The  su r f ace  of Hobiton Lake is approximately 18 m above s e a  level .  

T h e  lake is charac te r ized  by a single 

The  na r rowness  of the lake 

On September  14, 1974, MP. R .  Wickstrom placed a b r a s s  s c r e w  

bench m a r k  30 cm above the  wate r  l ine on a rock  face  along the North sho re  

approximately  1000 m west of the  lake outlet .  

below the  bench m a r k  on August 15, 1975. 

B. T e m p e r a t u r e  (see m a p  sheet) .  

The water  level  was 42 c m  

Data collected in  1974 and 1975 indicate that  th is  lake has a well 

es tabl ished metalimnion ( thermocl ine)  a t  a depth of 8-10 m during la te  

s u m m e r .  Epil imnion t empera tu re s  were  approximately 19' and the  hypolimnion 

t empera tu re  was 6.0' at  a depth of 40 m.  

C.  Secchi visibil i ty (see m a p  shee t ) .  

Hobiton Lake was one of the c l e a r e s t  of the  lakes  examined with a 

Secchi  visibil i ty of 11.5 and 10.0 m in 1974 and 1975, respect ively .  

Approximately 26% of the bottom a r e a  was within the  euphotic zone. 

D. Water  chemis t ry  (Appendix Table  1). 

Wate r  chemis t ry  data collected in  1974 indicates Hobiton Lake was one 
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of the  m o r e  dilute l akes  in the  study a r e a .  

pmho I c d .  

Conductivity was v e r y  low at  22 

An in te res t ing  si tuation occu r s  in  s o m e  deep coas ta l  Br i t i sh  Columbia 

lakes  which have been found to contain s e a  wate r  (Northcote and Johnson 1964). 

Sakinaw Lake 

140 m.  Sea wa te r  was found below the 40 m level.  A s i m i l a r  si tuation is 

possible i n  Hobiton and Tsus i a t  l akes .  

help to c la r i fy  the  si tuation in  t he se  lakes .  

E .  Macrophytes  (Appendix Table  3 ) .  

lies about 5 m above s e a  level and has  a maximum depth of 

Deep wate r  chemis t ry  s amples  would 

Thir ty- eight  phytoplankton spec i e s  were  identified in  s amples  collected 

in  1974 and 1975. 

pall idum, Merismopedia  - t en i ss ima,  and Rhabdoderma l i nea re  and the 

chrysophyte  Chromulina spp.  Tota l  cell counts and m a j o r  group composition 

w e r e  quite s i m i l a r  to nearby  Tsus i a t  Lake. 

p e r  ml was about average  f o r  lakes  in  the  study a r e a .  

G .  Zooplankton (Appendix Table  4). 

Dominant spec i e s  include the cyanophytes Coelosphaer ium 

Standing c r o p  in t e r m s  of cells 

Zooplankton samples  f r o m  Hobiton Lake indicated the presence  of 5 

ro t i f e r ,  2 c ladoceran,  and 2 copepod spec ies .  Most of the  zooplankton 

standing c r o p  was made  up  by ro t i f e r s ,  and c rus tacean  numbers  were  

low compared  to mos t  o ther  l akes  in the study a r e a .  

H. Benthos (Appendix Table  5).  

Twelve inver tebra te  species were  collected in d redge  samples  (see 

m a p  shee t ) .  

d redge  s ample  (25  m) while the shal lower  s amples  were  dominated by the 

isopod Asel lus  occidental is .  In t e r m s  of biomass  pe r  unit 

Only the  chironomid Br i l l i a  s p .  was found in the deepest  

a r e a  the 
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shal low dredge  s amples  f r o m  Hobiton Lake were  among the  highest found 

i n  the  study a r e a .  

I. Shorel ine  (Appendix Table  5) .  

Shoreline collections made in a shallow a r e a  among macrophytes  

produced 10 inver tebra te  spec ies .  

f r e shwa te r  c l a m s ,  

a r e a s  where  macrophytes  were  found. 

J .  F i s h  (Appendix Tables  7 and 8 ) .  

The  t r i chopte ran  Lepidostoma sp .  and 

Margar i t i fe ra  margar i t i fe ra .  were  common in shorel ine  

Cut throat  and pr ickly sculpin were  the mos t  common f i sh  spec i e s  

col lected in  gi l l  nets  s e t  during 1974 and 1975. 

sa lmon and Dolly Varden (Salvelinus malma)  were  collected in 1974, but 

none in  1975.The ca t ch  of 12.5 cut throat  per  100 yds of net  s e t  was among 

the  lowest f o r  lakes  examined in  the  a r e a  

r a t e s  f o r  t he se  f i sh  were  sl ightly lower  than the  mean  f o r  lakes  examined 

(see m a p  shee t ) .  The  l a rges t  cut throat ,  weighing 720 g, was collected by 

R.D. Wickstrom in 1974. 

A s m a l l  number  of sockeye 

(Appendix table 9). The growth 

A few spec imens  of 2 y e a r  old coho were  caught in  the  gil l  ne t s .  

Coas t range  sculpin (Cottus aleuticus) were  collected in  the gravel ly  shorel ine  

a r e a s  n e a r  Hitchie C r e e k .  Threesp ine  st icklebacks (Gas te ros teus  aculeatus) 

w e r e  common in the  l i t to ra l  zone. 

T h e  re la t ive  abundance of food i t e m s  from s tomach  contents of f i sh  

examined from Hobiton Lake is given in the  following table: 
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Comoosition in decreas inp  o r d e r  of imoortance - 
Cutthroat  Coho P r i ck ly  sculpin Stickleback 
A e r i a l  insec ts  Aer ia l  insec ts  A lgae  Cladocera  
C oleoptera Acarina Chironomidae A mphipoda 
F i s h  Coleoptera  Pelecypoda C hironomidae 
Di pt e r a Ephemeroptera  Trichoptera  Tric ho ptera 

A r o  and Shepard (1967) reported the only significant sockeye run  in the 

Nitnat a r e a  spawned in the  Hobiton River ,  where escapements  averaged between 

2000 and 5000 sockeye f r o m  1951 to  1962. Most spawning occu r s  in  October .  

Northcote e t  al .  (1964) indicated chum salmon a r e  a lso known to  ascend the 

Hobiton River  although no data were  given. Salmon s t r e a m  spawning repor t s  

(Department  of the Environment,  F i s h e r i e s  Service) cover ing the y e a r s  1964- 

1975 indicate approximately 2000-8000 sockeye, 50-300 coho, and 700-6000 

chum sa lmon annually uti l ize Hobiton River  f o r  spawning. Chum and coho 

a r e  believed to spawn in  the r i v e r  while coho and sockeye a r e  found in the lake.  

Hobiton River  is the only sys t em in the Nitnat watershed having sockeye 

(Greenlee 1974). 

f r o m  Hobiton Lake (S ie r r a  Club 1972) but this  has not been confirmed. 

-- 

Chinook sa lmon (0. - tshawytscha) have also been reported 
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Kichha lake 

A .  Morphometry (see m a p  shee t ) .  

Kichha Lake is a shallow lake of approximately 66 ha s u r f a c e  a r e a .  The  

maximum depth was 2 . 5  m while the  mean  depth was only 1.6 m. 

h a s  an  i r r e g u l a r  shore l ine  with a development of I .  95. 

is s m a l l  and included low hil ls  and m a r s h y  a r e a s .  

flows d i rec t ly  to the  Pacif ic  Ocean. Heavy precipitat ion caused  noticable 

flow i n  s m a l l  in termit tent  s t r e a m s  along the nor thern shore l ine .  

B. T e m p e r a t u r e  (see m a p  shee t ) .  

T h e  lake 

T h e  catchment  a r e a  

The  outlet of Kichha Lake 

Bottom t e m p e r a t u r e s  in Kichha Lake were  higher  than su r f ace  t empera tu re s  

when examined dur ing la te  August, 1975. Because  of i t s  shallow depth and 

exposure  to winds th i s  lake probably never  es tab l i shes  a t he rma l  gradient .  

C .  Sechhi visibil i ty (see m a p  sheet) .  

The  wate r  of Kichha Lake was highly coloured (80 Hazen units) and 

Secchi  visibil i ty was v e r y  low, only 2 m. 

is within the  euphotic zone. 

D.  

Approximately lo070 of the  hottom 

Water  chemis t ry  (Appendix Table  1). 

Kiccha Lake had the  highest conductivity and lowest pH of any lake 

The shallow na ture  of th is  lake may make  examined in the  study a r e a .  

evaporat ive  concentration an important  fac tor  and produce somewhat higher 

concentra t ions  of solutes  than might be expected f r o m  su r f ace  runoff. 

E .  Macrophytes (Appendix Table  2 ) .  

Macrophytes were  common in a l l  par t s  of Kichha Lake (see map sheet) .  
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B r a s i n i d  s c h r e b e r i  and Po tamoge ton  s p p .  

1.5 m o r  less in  depth .  

a r e  found i n  m o s t  a r e a  of about  

E m e r g e n t  p lants  s u c h  a s  c a t t a i l s  ( S c i r p u s  va l idus)  _____ 
and  buckbean (Menyan thes  t r i fo l i a t a )  f o r m e d  a d e n s e  bed i n  the  s m a l l  hay  

a t  t he  nor thwes t  c o r n e r  of t h e  l ake .  

-______ 
1.ilies (Nuohar  oolvse.oalum) w e r e  

found i n  sevc,ral a r e a s  a round  the  lakc: p e r i m e t e r .  

m a c r o p h y t f  s p c c i e s  were identif ied f r o m  t h e  l a k e .  

F.  Phytoplankton (Appendix T a b l e  3 ) .  

A t o t a l  o f  s e v e n  aquat ic  

T h i r t y - s i x  phytoplankton s p e c i e s  w e r e  identif ied i n  s a m p l e s  f r o m  Kichha 

L a k e .  

of any  l ake  e x a m i n e d  in  t h e  s tudy  a r e a  (Appendix ‘ rabl r  9 ) .  

2 2 , 0 0 0  c e l l s  p e r  ml w a s  r e c o r d e d  f o r  t h i s  l ake .  

w a s  a l s o  unusua l  f o r  1.hr l a k e s  s tudied:  o v e r  05% of thc phytoplankton w e r e  

cyanophy tes  with Cryp tophy ta ,  Baei l la r ioph,yceac  and P y r r o p h y t a  being 

c o m  ple t e 1 y a b s e n t . 
w e r e  the  dominant.  s p e c i e s .  

G .  %oopl:inkton (Appendix T a b l e  4) .  

Phytoplankton b i o m a s s  i n  t e r m s  of c e l l  n u m b e r s  w a s  by f a r  the  h ighes t  

A count  of o v e r  

T h e  m a j o r  g r o u p  composi t ion  

M e  ri s m o  p(,d i a te nui s si ni a and C o e  lo s pba e r i  u m pa 1 lidu in --- ____ 

T h e  zooplankton s t and ing  c r o p  in Kichha Lake  w a s  the  h ighes t  (172 

indiv iduals  p e r  l i t r e )  f o r  a n y  l ake  examined  in 1.he s tudy a r e a  (Appendix T a b l e  9 ) .  

A l a r g e  p ropor t ion  of the  zooplankt,on w e r e  c r u s t a c e a n s  with Diaphanosoma _- 
l e u c h t e n b e r g i a n u m ,  - Holopedium g i b b e r u m ,  - and D i a pt o m  11 s o r e g o n e n s i s  

o c c u r r i n g  i n  high n u m b e r s .  

H .  Benthos  (Appendix T a b l e  5 ) .  

Fifteen i n v e r t e b r a t ?  s p e c i e s  w e r e  c o l l e c t e d  i n  d r e d g e  s a m p l e s .  

s t and ing  c r o p  i n  d r e d g e  s,impIt.s was a m o n g  the higlit,st f o r ,  l a k c s  in the 

I n v e r t e b r a t e  
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s tudy a r e a .  Dominant spec ies  included isopods,  amphipods,  and Chaoborus 

as t icopus.  Biomass  was v e r y  consis tent  a t  t he  t h r ee  dredge  s i t e s  a t  4 . 3  g / m  . 
I .  

2 

Shoreline inver tebra tes  (Appendix Table  5 ) .  

Shoreline collections made n e a r  a s m a l l  point along the e a s t  sho re  of the 

lake yielded 12 inver tebra te  s p e c i e s ,  

m o s t  common spec i e s  p resen t .  

J .  

Amphipods and chironomids were  t h e  

F i s h  (Appendix Table  7 and 8 ) .  

Cutthroat  trout were  the  only f ish  caught in gill nets  s e t  on two success ive  

nights.  

ave rage  fo r  the lakes  examined in the  study a r e a .  

weight r a t i o s  appear  t o  be about average  f o r  the  lakes  examined. 

The  catch of 2 6  cut throat  per 100 yds net s e t  overnight was about 

Growth r a t e s  and length- 

The  re la t ive  abundance of food i t ems  f r o m  stomach contents of f ish  

examined f r o m  Kichha Lake is given in  the following table: 

Composition i n  decreas ing  o r d e r  of importance 

- Cutthroat  
Isopoda 
Amphipoda 
F i s h  
Tr ichopte ra  
Coleoptera 
Chironomidae 
Odonata 
Cladocera  
Pe lecypoda 
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Squalicum lake 

A .  Morphometry ( s e e  m a p  shee t ) .  

Squalicum Lake is the third  l a rges t  lake in  the  study a r e a  with a su r f ace  

a r e a  of 224 ha and a maximum depth of 81 m .  The  lake dra ins  a s m a l l  

catchment  a r e a  of 651 ha .  

Squalicum C r e e k  d ra ins  the l a k e  a t  the south end and had a f low of 0 .89  m / s e c  

when measu red  in May and August, respectively.  Water  renewal t ime  f o r  

Squalicum Lake was es t imated to  be 3 - 7  y e a r s .  

through two s m a l l  ponds before entering Tsus ia t  Lake.  

Squalicum Lake is fa i r ly  regular  with little development (1.68). 

sloping bottom r e s t r i c t s  the l i t toral  zone to a n a r r o w  a r e a  around the lake 

pe r ime te r .  

B.  Tempera tu re  (see m a p  shee t ) .  

Inflowing s t r e a m s  a r e  sma l l  and intermit tent ,  

3 

Squalicum C r e e k  flows 

The shorel ine of 

A n  abruptly 

A well established metalimnion was present  a t  a depth of 10-14 m during 

May, 1975. Epilimnion t empera tu re s  were between 13 and 14' while the 

hypolimnion was about 6 . 
C .  

0 

Secchi visbility ( s e e  map  sheet) .  

Squalicum Lake was ve ry  c l e a r  with a Secchi visibility of 10.8 m.  

Approximately 50% of the bottom was within the euphotic zone. 

D.  Water  chemis t ry  (Appendix Table  I ) .  

Squalicum Lake had one of the lowest conductivity readings (20.5 pmho/cm ) 

of lakes examined i n  the P a r k .  

2 

Total  dissolved sol ids  and values fo r  a l l  
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p a r a m e t e r s  indica te  th i s  lake was  v e r y  d i lu te  

E .  Macrophytes  (Appendix T a b l e  2 ) .  

T h e  s p r i n g  f ie ld  t r i p  coincided with the  germinat ion of m o s t  macrophy tes .  

L i l i e s  (Nuphar  polysepalum) and A s  a r e s u l t  only two s p e c i e s  were co l l ec ted .  

Menyanthes  t r i fo l ia ta  w e r e  noted in shal low protected a r e a s  n e a r  the  e a s t  end 

of the  l ake .  

F.  Phytoplankton (Appendix T a b l e  3 ) .  

Twenty- seven  species of phytoplankton w e r e  identified in  wa te r  s a m p l e s  

f r o m  Squal icum Lake.  

to  T s u s i a t  and Hobiton L a k e s .  

f r o m  Saual icum Lake  d i f fe r s  f r u n  the  o the r  l akes  main ly  a s  a r e s u l t  of the  

low n u m b e r s  of Chromul ina  s p .  p r e s e n t  in  May.  Dominant  s p e c i e s  include 

M e r i s m o p e d i a  t e n u i s s i m a  and Botryococcus protuberans var minor. 

G. Zooplankton (Appendix T a b l e  4 ) .  

T h e  to ta l  c e l l  n u m b e r s  f o r  th is  lake  w e r e  s i m i l a r  

T h e  m a j o r  g r o u p  c'omposition of phytoplankton 

~ 

Net s a m p l e s  f r o m  Squalicum Lake  contained only v e r y  low n u m b e r s  of 

zooplankton.  

the  m o s t  c o m m o n  c r u s t a c e a n s .  

H .  Benthos  (Appendix T a b l e  5 ) .  

Cyclops  b icuspi  da tus  t h o m a s i  and Diaptomus t y r r e l l i  w e r e  - 

Eighteen i n v e r t e b r a t e  s p e c i e s  w e r e  identified f r o m  d r e d g e  s a m p l e s  taken 

a t  depths  of 5-21 m .  

of Hyalel la  az teca  (Amphipoda) and T r i c h o p t e r a .  

Ch i ronomidae  dominated the  benthos with l e s s e r  n u m b e r s  

A mean  benthic b i o m a s s  of 

5 . 3  g / m  2 w a s  above a v e r a g e  f o r  l a k e s  in  the  s tudy  a r e a .  

Rough skinned newts  w e r e  qui te  c o m m o n  in  Squalicum Lake and w e r e  

f requen t ly  s e e n  c r a w l i n g  along the  bot tom.  

a s ing le  overnight  g i l l  net s e t .  

Nineteen newts  w e r e  caught  in  
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I. Shoreline inver tebra tes  (Appendix Table  5). 

Shoreline collections made  in  a s m a l l  bay a t  the  e a s t  end of the  lake and 

among logs n e a r  the  outlet produced 14 inver tebra te  spec ies .  

t r i chopte ra ,  and chironomids were  common along the  sho re .  

c l a m s  (Margar i t i fe ra  marga r i t i f e r a )  were  collected i n  wate r  about 1 m deep 

n e a r  the lake outlet. 

Amphipods, 

F re shwa te r  

J. F i s h  (Appendix Table  7 and 8) .  

Cutthroat  t rout  and prickly sculpin were  collected i n  gil l  net s e t s  in  

Squalicum Lake.  T h e  catch of 35 .3  cut throat  pe r  100 yds  net set overnight 

was second only t o  Tsus i a t  Lake.  

t o  have the lowest growth r a t e  of any lake i n  the  study a r e a .  Of 53  cutthroat  

examined the  l a rges t  weighed 279 g and was 6 y e a r s  old. 

The cut throat  in Squalicum Lake appear  

Cutthroat  were  observed swimming at  the su r f ace  dur ing morning and 

evening hours ,  presumably feeding on copepods.  Near ly  a l l  of the  f ish  

examined had l a rge  numbers  of copepods (Diaptomus ty r re l l i )  in the i r  

s tomachs .  T h e  re la t ive  abundance of food i t ems  in s tomachs  of f i sh  

examined f r o m  Squalicum Lake is given in the following table: 

Composit ion i n  decreas ing  o r d e r  of importance 

Copepoda Copepoda 
Coleoptera Chironomidae 
Chironomidae Tr ichopte ra  
Megaloptera Gastropoda 
Cladocera  Ostracoda 
Tr ichopte ra  Amphipoda 
F i s h  Megaloptera 
Acar ina 
Amphipoda 
Ephemeropte ra  
Odonata 

Cutthroat  Pr ick ly  sculpin 
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Most of the  cut throat  examined were  heavily paras i t ized by cestode 

l a rvae  (probably Diphyllobothrium) and s e v e r a l  had paras i t i c  copepods on 

the  gills. 
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Tsuquadra lake 

A .  Morphometry (see m a p  sheet) .  

Tsuquadra  Lake was the  s m a l l e s t  lake examined and had a su r f ace  

a r e a  of 26 .3  ha and a maximum depth of 15 m. 

low hi l ls  and has  a re la t ively  l a rge  catchment  a r e a  of 306 ha. 

d r a i n s  the  lake a t  the  e a s t  end and flows to the  s e a .  

rec tangula r  in shape  with a s h o r e  development of 1.39. 

l i t to ra l  zone was presen t  with about 47% of the lake l e s s  than 5 m deep.  

B. T e m p e r a t u r e  (see m a p  shee t ) .  

The  lake d ra in s  an a r e a  of 

A s m a l l  c r e e k  

T h e  lake is a lmos t  

A re la t ively  l a rge  

The  epilimnion occupied only the  upper 1-2 m with a t empera tu re  of 

about 18O. 

t empera tu re s  of about 5.5'. 

C .  

A r a t h e r  broad metalimnion extended f r o m  2- 8  m with hypolimnion 

Secchi visibil i ty (see m a p  sheet) .  

T h e  wa te r  of Tsuquadra  Lake was highly coloured ( 7 0  Hazen units)  and 

secch i  visibil i ty was  only 3 .5  m.  

the  euphotic zone.  

D. Water  chemis t ry  (Appendix Table  1). 

A conductivity value of 2 4 . 7  pmho f o r  Tsuquadra  Lake was about average  

Approximately 6870 of the  bottom was in  

fo r  lakes  in  the  s tudy a r e a .  

E .  Macrophytes (Appendix Table  2).  

Only Kichha Lake was d a r k e r  i n  colour .  

Six macrophyte  spec ies  w e r e  identified from Tsuquadra  Lake.  Water  

shie ld ,  Brasen ia  s c h r e b e r i ,  were  found along the  lake pe r ime te r  wherever  
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depths  were  about I m o r  less. 

wide in the  bay a t  the  e a s t  end of the  lake (see m a p  sheet) .  

t r i fol ia ta  and lilies (Nuphar polysepalum) were  a l so  widely distr ibuted 

around the  shorel ine .  

Potamogeton sp .  

F. Phytoplankton (Appendix Table  3) .  

They fo rmed  a band approximately 10 m 

Menyanthes 

O the r  spec i e s  p resen t  included C a r e x  sp .  and 

Th i r ty- th ree  phytoplankton spec i e s  were  identified from Tsuquadra  

Lake. 

study a r e a  (Appendix Table  9 ) .  

Merismopedia  tenuiss ima and Chroococcus sp .  and the chrysophytes 

Chromulina spp.  and Cyclotella spp.  

G. Zooplankton (Appendix Tab le  4).  

A ce l l  count of 4407 pe r  m l  was the  second highest f o r  lakes in  the 

Dominants included the  cyanophytes 

In t e r m s  of numbers  pe rB t r e  the  zooplankton f r o m  Tsuquadra  Lake 

was  second only to Kichha Lake.  

of the  zooplankton community.  

longispina and K .  bostonensis .  

Diaphanosoma brachyurum - and Cyclops bicuspidatus  thomasi .  

IT. Benthos (Appendix Table  5). 

Rot i fers  and copepods accounted f o r  90% 

Dominant rotifers included Kellicottia - 

The  dominant c rus t aceans  included -- - 

Eighteen spec ies  of inver tebra tes  were  identified from dredge samples  

taken a t  depths of 3.5-12 m. The dipteran Chaoborus as t ic  opus was the mos t  

common spec i e s  col lected.  

fauna was  about ave rage  fo r  l akes  in the study a r e a .  

I. 

In t e r m s  of to ta l  numbers  and biomass  the benthic 

Shorel ine  inver tebra tes  (Appendix Table  5). 

Shoreline collections made at the west  end of the  lake y ie lded  t h i r t e e n  
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inver tebra te  spec ies .  Amphipods (Hyalella azteca)  and Trichoptera  

(Lepidostoma sp . )  were  the mos t  common spec ies .  

J. F i s h  (Appendix Tab le s  7 and 8). 

Six f ish spec ies  were  collected in Tsuquadra Lake in  one overnight gill 

net  s e t  and shore l ine  collections.  

yds  net  s e t  overnight was the highest of any lake examined in  the study 

a r e a  (Appendix Table  9).  

The  total  ca tch  of 80 salmonids  per  100 

Tsuquadra Lake is probably the only lake in  the 

study a r e a  where Dolly Varden (Salvelinus malma)  f o r m  a significant par t  

of the f i sh  population. 

Determining the s t a tu s  of potential anadromus spec ies  in Tsuquadra 

Lake is made somewhat difficult by a lack of information on the s t r e a m  

which d ra ins  the lake.  Definite b a r r i e r s  to f ish  migration would leave no 

doubt a s  to  the mig ra to ry  s ta tus  of the f ish present .  

Oncorhynchus nerka collected included mature  and gravid spec imens  

indicating these  a r e  f reshwater  res ident  kokanee. 

both f r e shwa te r  res ident  and anadromous 0. nerka in  the s a m e  lake 

(Scott and C r o s s m a n  1973) however we found no evidence of sockeye i n  

Tsuquadra Lake.  

indicate this  spec ies  mig ra t e s  to  the  sea  although they might simply have 

eluded cap ture .  

is probably impassable  f o r  migra tory  f ish (personal  oommunication). 

The  two year  old 

- 
It is possible to have 

- -  

The absence of ma tu re  coho in the gil l  net ca tch  may 

Observat ions  by the Warden Service indicate this  s t r e a m  

The  rela t ive abundance of food i t e m s  f r o m  stomach contents of f i s h  

collected in  Tsuquadra Lake is given in  the following table: 
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Composit ion in  decreas ing  o r d e r  o f impor t ance  
I 

Cutth, roat  Dolly Varden Coho Kokanee Pr ick ly  sculpin 
Chironomidae Isopoda Cladocera  Chaoborus F i s h  eggs 
F i s h  C hironomidae Is o pod a Cladocera  Isopoda 

- . - ~  

Isopoda Megaloptera 
Tr ichoptera  Am phi poda 
C haoborus Pelecypoda 
Acarina 0 dona t a 
Coleoptera  

-- 

Cope poda Tr ichoptera  
Chironomidae Chironomidae 
Amphipoda Chaoborus 

Cladocea 

In genera l  i t  appears  that  cutthroat,  Dolly Varden. and prickly sculpin 

feed predominantly on bottom and shorel ine organisms  while coho and 

kokanee feed predominantly on zooplankton. 

Most of the Dolly Varden examined w e r e  parasi t ized by the nematode 

Salvelinema walkeri .  One kokanee was found to  be parasi t ized by 

Acanthocephala and the nematode S. walkeri .  - 
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Tsusiat  lake  

A ,  Morphometry (see m a p  sheet) .  

With a su r f ace  a r e a  of 286 ha Tsus i a t  Lake is the second l a rges t  lake 

in  t he  study a r e a .  

65 m.  

t o  the s e a .  

catchment  basin  included the a r e a  drained by Squalicum Lake and is about 

10 times l a r g e r  than the lake su r f ace  a r e a .  Shore development is quite 

high a t  2 .07.  

a r e su l t ,  l i t to ra l  a r e a s  a r e  m o r e  common in  Tsus ia t  than in  Squalicum o r  

Hobiton lakes .  

B. Tempera tu re  (see m a p  sheet) .  

The  lake is long and nar row and has a maximum depth of 

The  Tsus i a t  River  d ra ins  the  lake a t  i t s  west  end and flows d i rec t ly  

A l a rge  waterfall  prevents  passage of anadromous f i sh .  The 

Approximately 20% of the lake is less than 10 m deep and, a s  

A we l l  defided metalimnion was present  during both 1974 and 1975 a t  a 

depth of 6-10 m. Epilimnion t empera tu re s  w e r e  about 2 O  lower  in  1975 a s  a 

r e su l t  of a cooler  s u m m e r .  

go to  7' a t  14 and 40 m, respect ively.  

C .  Secchi visibil i ty (see m a p  sheet) .  

Tsus i a t  Lake was fa i r ly  c l e a r  with a Secchi visibility of 7 .5  and 5 . 5  m 

Hypolimnion tempera tures  ranged f r o m  about 

in  1974 and 1975, respect ively.  

euphotic zone. 

D. 

Approximately 40% of the bottom was in  the 

Water  chemis t ry  (Appendix Table  1). 

Tsus i a t  had the lowes t  conductivity of any lake examined in the study 

2 a r e a ,  20  p m h o l c m  . Total  alkalinity was the highest f o r  lakes  examined in 



40 

the  study a r e a ,  9 .3  ppm. Wate r  chemis t ry  s amples  f r o m  nea r  maximum 

depth in  Tsus i a t  Lake a r e  required t o  de te rmine  i f  seawater  is presen t  a s  

d i scussed  i n  the Hobiton Lake sect ion of th is  r epo r t .  

E. Macrophytes (Appendix Table  2 ) .  

Twenty macrophytes  spec ies  were  identified f r o m  Tsus i a t  Lake. This  

was the l a rges t  number  of spec ies  f o r  any lake in  the study a r e a .  The  l a rge  

number  of spec i e s  presen t  is an indication of the d iverse  habitats available 

along the shorel ine,  although i t  may  reflect the intensity of collections which 

w e r e  made during both 1974 and 1975. 

the  l a rge  bay on the south sho re  of Tsus ia t  Lake w e r e  par t icular ly  

productive (see m a p  sheet) .  Most common were  the water  shield,  Brasenia  

schrenber i .  and spec i e s  of Potamogeton. -- 

F. Phytoplankton (Appendix Table  3 ) .  

Extensive shallow a r e a s  in  and near  

Thir ty- four  spec i e s  of phytoplankton were  identified in water  samples  

f r o m  Tsus ia t  Lake.  

and Hobiton lakes .  

t enuiss ima and the  chrysophyte Chromulina spp. 

higher  in  August 1974, than in  1975 possibly due to  w a r m e r  t empera tu re s  

dur ing 1974. 

G .  Zooplankton (Appendix Table  4). 

Ce l l  numbers  were  quite low and s i m i l a r  to  Squalicum 

Dominant spec ies  included the cyanophyte Merismopedia - - 
Total  counts were  much ---- 

Zooplankton c o ~ n t s  were  low and comparable  to o ther  deep lakes  in  the 

study a r e a .  

The  m o s t  common crus tacean  was Cyclops bicuspidatus thomasi .  

H. Benthos (Appendix Table  5). 

The counts were dominated by the ro t i fe r  Kellicottia longispina. - -- 

Only nine inver tebra te  spec ies  were  identified f r o m  dredge samples  
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taken a t  depths of 7-26m. 

f o r  lakes  examined in  the study a r e a  (Appendix Table  9).  

in  the  s amples  w e r e  oligochaetes,  chironomids,  and water  mites. 

Tota l  numbers  p e r  m2 were among the lowest 

Most common 

The  mysid Neomysis  awatchensis was collected in  dredge samples  f r o m  

Tsus i a t  Lake.  

i n  shallow bays n e a r  the  outlets of s t r e a m s  along the Pacif ic  coas t .  It is 

some t imes  found in isolated bodies of f resh-water ,  a s  i n  lakes  behind the 

Th i s  spec ies  is pr imar i ly  a brackish-water  f o r m  occur r ing  

sand dunes along the Oregon coas t ,  and in  those f resh-water  basins  which 

a r e  still nar rowly  connected with the s e a ,  such  a s  Lake Washington and Union 

a t  Seatt le (Edmondson 1959). The  presence of Neomysis in Tsus ia t  Lake is 

probably an  indication of the recent  ( in  geological t e r m s )  separat ion of this  

water  body f r o m  the ocean. 

I. Shoreline inver tebra tes  (Appendix Table  5). 

Thi r teen  inver tebra te  spec ies  were collected along the south sho re  i n  a 

s m a l l  protected bay. The  mos t  common spec ies  were leeches  (P laco  bdella 

ornata)  and beet les  (Liodessus  sp.  ) 

J .  F i s h  (Appendix Table  7 and 8). 

i -___ 

F o u r  spec ies  of f ish w e r e  caught in overnight net  sets and shorel ine 

collections.  

highest of any lake f o r  this  spec ies .  

ave rage  f o r  l akes  in  the  study a r e a  with 4-year-old fish averaging 286 m m  

i n  length. Two- 

year-old kokanee general ly  f o r m  an important  par t  of the spawning run in  

o the r  a r e a s  (Scott and C r o s s m a n  1973). 

m a y  be the resu l t  of sampling error .  

The  ca tch  of 51 cut throat  p e r  100 yds net s e t  overnight was the 

The growth r a t e  of cutthroat was above 

Kokanee caught in 1975 were  es t imated to be 2 y e a r s  old. 

The low ca tch  of kokanee in this  lake 

Kokanee a r e  known to  prefe r  t empera tures  
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of f r o m  10-15' and this range was generally available only a t  a depth of 9-10 

m. Only a portion of the gill net extended to this depth. 

The  relat ive abundance of food items f r o m  s to  rnach contents of fish 

collected in  Tsus ia t  Lake is given in  the following table: 

Composition in decreasing o r d e r  of importance 
Kakanee Prickly sculpin -- Cutthroat  

Mysidacea Cladocera Pelecypoda 
F i s h  Gastropoda 
Coleoptera C hironomidae 
Ephemeroptera  Isopoda 
Trichoptera  Plecoptera 
Mega lopte r a  - Trichoptera  - 
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Hitchie Creek 

A. Morphometry,  flow, tempera ture .  

Hitchie C r e e k  is a s m a l l  s t r e a m  which d ra ins  Hitchie Lake and e n t e r s  

Hobiton Lake. Two l a rge  waterfal ls  a r e  located about midway between 

Hitchie and Hobiton Lakes.  The  sampling s i t e  on Hitchie Creek  was 

approximately lOOm ups t ream f r o m  Hobiton Lake. 

The  following p a r a m e t e r s  w e r e  determined f o r  Hitchie Creek: 

Total  length (km) 8 . 7  

Mean depth (cm)  20 

Flow ( m 3 / s e c )  0 .209 

Drainage a r e a  (ha) 1700 
Width (m) 4.1 

Tempera tu re  ( O c )  17 

B.  Benthos (Appendix Table  6) .  

Kick samples  for  benthic inver tebra tes  at 3 represen ta t ive  sites yielded 

a mean weight of 1.73 g / m  of the bottom sur face .  The  fauna was dominated 2 

by chironomids (Tanytarsus  sp.  ), Ephemeroptera  (Baet is  - sp.  and 

Centropti lum sp.) ,  and Tr ichoptera  (Lepidostoma - s p . ) .  

C .  F i s h  (Appendix Table  7 and 8) .  

Low conductivity appeared to  reduce the effect of our  e lectroshocker  on 

salmonids  in  Hitchie C r e e k .  

cut throat  w e r e  collected.  

i n  the 100 m sect ion of s t r e a m  were  100 and 75-100, respec t ive ly .  Only 

young-of- the-year coho and cut throat  were  collected in Hitchie Creek .  

P r i ck ly  sculpin, coastrange sculpin. coho, and 

Population es t imates  f o r  sculpins and salmonids 

T h e  re la t ive  abundance of food i t e m s  f r o m  s tomach  contents of f ish  

examined f r o m  Hitchie C r e e k  is given in the following table: 
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-- 
ComDosition in decreasinp order  of imDortance - 

Cutthroat Coho Prickly sculpin Coastrange sculpin -- 
Terres t r i a l  insects Terres t r ia l  Trichoptera C hironomidae 
C hironomidae insects Fish  Trichoptera 
Ephemeroptera Chironomidae Coleoptera Ephemeroptera 

Coleoptera Orthoptera Acarina 
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Unnamed Creek 

A .  Morphometry.  

Th i s  s m a l l  unnamed creek d ra ins  a s m a l l  a r e a  along the north sho re  of 

Tsus i a t  Lake  and was sampled during 1974. 

The  following p a r a m e t e r s  w e r e  determined f o r  this  creek:  

Tota l  length (km) 2 . 0  
Catchment a r e a  (ha) 149 

B. Water  Chemis t ry  (Appendix Table  1). 

The  unnamed c r e e k  had the second highest conductivity and second lowest 

pH of the  s t r e a m s  and lakes  examined in  the P a r k .  Values f o r  mos t  pa rame te r s  

were among the highest f o r  P a r k  wa te r s .  

C .  Benthos (Appendix Table  6).  

Four t een  inver tebra te  spec ies  were  identified in  non-quantitative collections.  

Ephemeropterans  w e r e  the mos t  numerous a t  th is  s i t e .  Species of 

Eccl isomyia (Tr ichoptera)  were  collected only in  this  unnamed c reek .  -_-- 



Squalicum Creek 

A .  Morphometry.  flow, tempera ture .  

Squalicum C r e e k  d ra ins  Squalicum Lake and flows through two smal l  

lakes  before  joining Tsus i a t  Lake.  

Creek;  a site approximately 100 m downstream f r o m  Squalicum Lake was 

examined on May 29, 1975 and a site approximately 10 m ups t ream f r o m  

Tsus i a t  Lake was examined on August 22, 1975. 

one mi l e  ups t r eam f r o m  the mouth of Squalicum C r e e k  (S ie r r a  Club 1972) 

probably prevents  any migrat ion of f i sh  between Squalicum and Tsus ia t  lakes .  

Considerably different conditions were  observed a t  these s i t e s  due to 

Two sites were  examined on Squalicum 

A waterfall  approximately 

site differences  and t ime  of yea r .  

f o r  Squalicum Creek:  

The  following pa rame te r s  were  determined 
I 

Upper (May 29) Lower (Aug. 22)  
Total  length (km) - 4 . 7  
Catchment  a r e a  (ha) - 1048. 
Width (m)  2.8 5 
Mean depth (cm) 37 38 
Tempera tu re  (OC) 13.2 14.3 
 low (m’/sec) 0.38 0.89 

B. Benthos (Appendix Table  6 ) .  

Twenty-four inver tebra te  spec ies  were identified f r o m  upper  Squalicum 

Although spec ies  numbers  were  C r e e k  and 25 f r o m  lower  Squalicum Creek .  

s i m i l a r  a difference was noted in  the spec i e s  presen t  a t  the  two sites. 

upper  s i t e  was dominated by f reshwater  c l ams  (Pis idium s p . )  and blackfly 

l a r v a e  (Simuliidae) while the  lower  s i t e  was dominated by Chironomidae - 

The 
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(Tanytarsus  - sp . )  and Oligochaeta (Nadium s p . ) .  Biomass  of the upper  s i t e  

was  a lmos t  5 times higher  than the lower  site. Rough skinned newts (Tar icha  

granulosa) w e r e  observed crawling along the bottom at  the upper  collection 

site. 



49 

Unnamed Stream 

A. Morphometry. temperature. 

This very small  unnamed creek entered Cheewhat Lake along the North 

The s anpling si te  was an area  of sand and leaf li t ter about 10 m shore. 

upstream from its mouth. 

very likely originated from a spring. The following parameters were 

determined for  this unnamed creek: 

Water in this creek was cold and c lear  and 

Width (m) 1.0 
Mean depth (cm) 20 
Temperature (OC) 11.2 
PH 6 . 7  

B. Benthos (Appendix Table 6) 

Fourteen invertebrate species were collected from a single kick sample. 

Ephemeroptera and Trichoptera were dominant members of the benthic fauna. 

C .  Fish .  

Small coho w e r e  observed in this creek. 
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lower  Lost Shoe Creek 

A .  Morphometry,  flow, t empera tu re .  

Los t  Shoe C r e e k  was sampled a t  its lower  end approximately 100 m 

ups t r eam f r o m  the ocean. The  bottom was composed of grave l  and rocks  

u p  t o  10 c in i n  d i ame te r .  

a r e su l t  of recent  heavy r a in s .  

The  s t r e a m  flow was quite high when examined a s  

The  following p a r a m e t e r s  were  determined f o r  lower  Lost  Shoe Creek .  

Tota l  length (km) 10. 

Width (m) 9 . 5  

Tempera tu re  (oc) 12 

Drainage a r e a  (ha) 2137. 

Mean depth (cm) 31 

Flow ( m 3 / s e c )  5 . 1  

B. Water  chemis t ry  (Appendix Table  I). 

Conductivity of water  samples  f r o m  Lost Shoe Creek  was about average  

f o r  lakes  and s t r e a m s  sampled in  the Park.  

colour  (120 Hazen units) and highest turbidity levels  (1.5) of any lake o r  

s t r e a m  examined i n  the P a r k .  

C .  Benthos (Appendix Table 6).  

Th i s  s t r e a m  had the da rkes t  

Kick samples  f r o m  lower  Lost  Shoe Creek  yielded 13 inver tebra te  

spec ies  in fa i r ly  low numbers .  

m o s t  common inver tebrate .  

Anisogammarus ramel lus  f r o m  a s m a l l  s t r e a m  enter ing Wreck (F lo renc ia )  

Bay  and a l so  f r o m  Kennedy Lake. 

Oligochaetes (Rhynchelmis s p . )  were  the 

Bousfield (1958) repor ted  the amphipod 

- 
The s m a l l  s t r e a m  r e f e r r e d  to by Bousfield 



51 

was v e r y  likely Lost  Shoe C r e e k  and the s a m e  amphipod was identified in  

t he  presen t  study. 

Also collected in  the kick samples  were  a number  of ammocetes  ( larva)  

of the Pacif ic  l amprey  (Entosphenus tr identatus).  The ammocetes  of this 

spec i e s  usually spend 5-6 y e a r s  i n  the  grave l  before migrat ing downstream 

to the s e a  where they prey  on f ish throughout the i r  adult life (Scott and 

C r o s s m a n  1973). 

D. F i s h  (Appendix Table  7 and 8). 

P r i ck ly  and coas t range  sculpin were collected in  lower Lost  Shoe C r e e k .  

Low conductivity probably reduced the effectiveness of the e lectroshocker  on 

salmonids  and the i r  p resence  a t  th is  s i t e  was undetermined. Coastrange 

sculpin w e r e  the m o s t  common spec ies  collected and were  quite numerous 

along the s t r e a m  margin.  

The  re la t ive  abundance of food i t e m s  f r o m  s tomach contents of f i s h  

examined f r o m  lower  Lost  Shoe C r e e k  is given in the following table: 

-- 
Composit ion i n  decreas ing  o r d e r  of impor tance  
P r i c k l y  sculpin C oastrange sculpin 

C hironomidae C hironomidae 
Ost racoda  Copepoda 
E phemeroptera  Ephemeroptera  
F i s h  Os t racoda  
Copepoda Acarina 
Amphipoda Amphipoda 
Megaloptera Plecoptera  
Diptera  Tr ichoptera  

- 
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Ward (1970) indicated Lost Shoe Creek  contained a sma l l  resident  

population of cutthroat trout and had a moderate  sea- run  population of 

both cutthroat and steelhead. Pe terson  and Thomas (1968) recorded catches of 

steelhead in Lost Shoe Creek  and other  s t r e a m s  including Klanewa and 

Pachena r ive r s .  
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Upper lost Shoe Creek 

A .  Morphometry.  flow, t empera tu re .  

The  ups t r eam site on Lost Shoe C r e e k  was located about 50 m 

downstream f r o m  the  cu lver t  under  Highway 4. The bottom was composed 

of sand and the s t r e a m  had undergone l a rge  fluctuations in  flow a s  a r e su l t  

of heavy r a i n s  dur ing the previous month. 

The  following p a r a m e t e r s  were determined f o r  upper  Lost Shoe Creek: 

Tota l  length (km) 8.0  
Drainage a r e a  (ha) 1563. 
Width (m)  5.0 
Mean depth (cm) 30. 
T e m p e r  t u r e  (Oc) 12. 

5.7 Flow ( m  Isec) 3 

€3. Water  chemis t ry .  

See lower  Lost Shoe Creek .  

C . Benthos (Appendix Table  6).  

Only nine inver tebra te  spec ies  were  collected i n  kick samples  a t  this 

site. The  m o s t  common spec ies  were  amphipods (Anisogammarus 

ramel lus )  and Ephemeroptera  (Cingmula sp . ) ,  

D. F i s h  (Appendix Table  7 and 8). 

--- 

Due t o  the low conductivity and high water  level of this s t r e a m  only 

two spec imens  w e r e  collected: one cutthroat and one coho. Many o ther  

s m a l l  sa lmonids  were  s een  but a t tempts  to cap ture  them were  unsuccessful.  

The  re la t ive  abundance of food i t e m s  f r o m  s tomach contents of the 

f i sh  examined is given in  the  following table: 
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Composition in decreasing order  of importance 
Coho Cutthroat 

~~ 

Chironomidae Chironomidae 
Ter res t r i a l  insects Terres t r ia l  insects 
Diptera larvae Coleoptera 

Plecoptera - 
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Aquatic resources: a summary 

The physical, chemical. and biotic parameters  examined during the  

present  study reveal a diversity i n  the types of aquatic communities 

available in  the Park .  It is of interest to compare some of the morphometric 

and biological information obtained (Appendix Table 9). 

The lakes examined range in s ize  f rom 26 to 355 ha in surface area  

f o r  Tsuquadra and Hobiton lakes, respectively. A s  may be expected the 

la rges t  lakes were also the deepest: Tsusiat ,  Squalicum, and Hobiton 

ranged in depth f rom 66-107 m.  These large lakes had fair ly s teep sloping 

bottoms without extensive li t toral a reas .  Smaller ,  shallower lakes such a s  

Cheewhat, Tsuquadra, and Kichha generally had more  widespread li t toral 

a r e a s  which supported heavy macrophyte growths. 

The water chemistry of lakes in the study area  was fairly uniform 

(Appendix Table 1) and somewhat dilute with a specific conductance 

ranging f rom 20 to  54 pmho/cm 

Northcote and Larkin (1963) noted "the resis tant  granitic substrate  and 

especially the high annual rainfall (over 150 cm) character is t ic  of the west 

coast  climatic region a r e  largely responsible for  low mineral  solution", 

Water in  two of the lakes,  Tsuquadra and Kichha, was highly coloured with 

hazen unit values of 70 and 80. respectively. Other  lakes i n  the study area  

had colour values ranging f rom 5 to 10. 

2 fo r  Tsusiat  and Kichha lakes, respectively. 

Phytoplankton standing c rop  ranged from 629 ceI ls /ml  in Hobiton Lake 

to over 32.000 c e l l s / m l  in Kichha Lake (Appendix Table 3). A total of 87 
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phytoplankton spec ies  were  collected in the study a rea .  Of these,  38 were  

common and were  found in 3 or  more  lakes.  Cyanophyta and Chrysophyta 

formed the ma jo r  portion of the standing c rop  in most  lakes and frequently 

made  up over  80% of the  cells present .  Merismopedia tenuissima and 

Chromulina spp. were  the most  common species  in the lakes a s  a group 

although Coelosphaerium pallidum, Chroococcus sp . ,  Cyclotella sp., and 

Rhizosolenia longiseta were  important in a few of the lakes examined. 

Altogether, 26 spec ies  of phytoplankton a r e  recorded f rom Br i t i sh  

Columbia f o r  the first time. This  high number resu l t s  mainly f rom the lack 

of published r ecords  f r o m  many a r e a s  of the province. The present study 

is one of the  f i r s t  to include insular  lakes in  the wet subzone of the Coastal 

Western Hemlock Biogeoclimatic Zone. F reshwate r  algae reported f rom a 

s i m i l a r  climatic region in  the Queen Charlotte Islands by Stein and Gerra th  

(1969) were  generally f rom shallower and m o r e  acid lakes than in the present 

study. Other  studies in mainland B. C. lakes represent  samples  f rom lakes 

considerably different in  morphometry.  chemistry,  or  climatic region. 

A l a rge  number of macrophyte species  were identified f rom the lakes 

examined (Appendix Table 2 ) .  In  th ree  lakes (Cheewhat, Tsuquadra,  Kichha) 

macrophytes covered l a rge  a r e a s  of the lake sur face  and generally formed a 

dominant feature of the lake. 

Zooplankton standing c rop  ranged f rom 5 . 6  an ima l s / l i t r e  in Squalicum 

Lake to 177.6 per  litre in Kichha Lake (Appendix Table 4). 

spec ies  of zooplankton were identified including 10 ro t i fe rs ,  11 cladocerans,  

6 copepods, and 1 dipteran. 

Twenty-eight 

Rotifera made up f rom 11.4 to 73.5% of the 



zooplankton standing c r o p  in  t e r m s  of numbers  of individuals. 

vu lgar i s ,  Kera te l la  cochlear i s ,  and Kellicottia longispina were  the most  

common ro t i fe r  spec ies  and were  found in  5 o r  m o r e  of the lakes  examined. 

Cladocerans made up f r o m  2 . 5  to  44.7% of the zooplankton in  t e r m s  of 

Polyar thra  

numbers  of individuals. 

were the mos t  common c ladocerans  and were  found in  7 and 6 of the lakes 

Bosmina longirostr is  and Diaphanosoma brachyurum 

examined, respect ively.  

Copepods made up f r o m  7 .2  to  81.2% of the zooplankton in  t e r m s  of 

numbers  of individuals. Cyclops bicuspidatus thomasi  and Diaptomus 

oregonensis  w e r e  the  mos t  common copepods and w e r e  each found in 4 lakes .  

The  dipteran Chaoborus as t icopis  was found only in  Tsuquadra Lake where 

i t  made up a minor  pa r t  of the zooplankton community. 

The  standing c r o p  of benthic inver tebra tes  ranged f r o m  a mean of 158 

o rgan i sms  p e r  m 2  i n  Hobiton Lake to 1240 p e r  m2 in  Cheewhat Lake (Appendix 

Table  5) .  

shore l ine  s amples .  Most common w e r e  spec ies  of oligochaetes,  amphipods, 

and chironomids . 

Seventy five inver tebra te  spec ies  were  collected in  benthic and 

Eight f i sh  spec i e s  were  identified f r o m  lakes and s t r e a m s  in  the P a r k  

(Appendix Table  7). These  included Dolly Varden c h a r  (Salvelinus malma).  

cut throat  t rou t  (Salmo C la rk  c la rk i ) ,  sockeye and kokanee salmon 

(Oncorhynchus nerka), coho sa lmon (0. - kitsutch), coastrange sculpin 

(Cottus a leut icus) ,  prickly sculpin (C.  --  a s p e r ) ,  threespine st ickleback 

(Gas te ros teus  aculeatus),  and the Pacif ic  l amprey  (Entosphenus 

-- 

t r identatus) .  ff the  lakes  examined. only Hitchie Lake was without f ish.  

I n  the  s ix  lakes  where f i sh  w e r e  collected the ca tch  p e r  100 ya rds  of net  
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set overnight ranged from 26 to 92 f ish .  Tsuquadra  Lake had the la rges t  

c a t ch  of sa lmonids  with 80 f i sh  pe r  100 yds  of net set overnight (Appendix 

Table  9). 
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Summary & Recommendations 

Genera l  aspec ts  

1. Seven lakes  and seven s t r e a m s  were  examined in  Pacific Rim National 
P a r k .  The  limnology of these lakes  had not been previously studied. 

Lake s tudies  included examination of morphometry,  t empera ture ,  
Secchi visibility, water  chemis t ry ,  macrophytes ,  phytoplankton, 
zooplankton, benthos, shore l ine  inver tebra tes ,  and f ish.  S t ream 
studies  included an examination of morphometry,  t empera ture ,  s t r e a m  
flow, benthic inver tebrates ,  and f ish.  

2 .  

Phvs ica l  and chemica l  asoec ts  

3. T h e  l a rges t  lake examined in the study a rea  was Hobiton Lake with 
a su r f ace  a r e a  of 355 ha and a maximum depth of 107 m .  The sma l l e s t  
lake examined was Tsuquadra Lake with a sur face  a r e a  of 26.3 ha and 
a maximum depth of 15 m .  

Most of the  lakes  in  the  study a r e a  exhibited a fa i r ly  s t rong  thermal  
s t ra t i f icat ion with well defined epi- ,  me ta- ,  and hypolimnia, An 
exception was Kichha Lake which probably never  s t ra t i f ies  due to its 
shallow and exposed nature .  Hitchie Lake was the only lake in the 
study a r e a  on which i c e  was observed during an overflight on 
F e b r u a r y  19, 1975. 

Secchi visibil i t ies ranged f r o m  approximately 11.5 m in  Hobiton 
Lake to  2 .0  m i n  Kichha Lake. Kichha Lake had the mos t  highly 
coloured water  of any lake examined in  the  study a r e a .  

Water  samples  f r o m  lakes  examined indicate the waters  a r e  v e r y  
dilute with conductivity ranging f r o m  20 pmho in  Tsus i a t  to  54 pmho 
i n  Kichha Lake. 

4. 

5. 

6 .  

Biological  a spec t s  

7 .  O v e r  225 spec ies  of aquatic plants and an imals  were  identified f r o m  
the study a r e a .  

A l a rge  number  of macrophyte spec ies  were  identified f r o m  the lakes  
examined. In t h r e e  lakes  (Cheewhat, Tsuquadra ,  Kichha) macrophytes  
covered  l a r g e  a r e a s  of the  lake su r f ace  and general ly  formed a 
dominant fea ture  of the  lake.  

8.  
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9. Approximately 90 phytoplankton spec ies  were  identified f rom the 
lakes  examined. Ce l l  counts ranged f r o m  approximately 835 ce l l s  
p e r  m l  in  Squalicum Lake to  over  2 2 , 0 0 0  ce l l s  per  m l  in Kichha Lake. 
Cyanophytes and Chrysophytes w e r e  dominant i n  mos t  of the lakes.  

Twenty-eight zooplankton spec i e s  were  identified f r o m  lakes  in  the 
study a r e a .  Zooplankton numbers  ranged f r o m  5 6  per  l i t r e  in  
Squalicum Lake to  177.6 per  l i t r e  in Kichha Lake. 

Approximately 90 inver tebra te  spec ies  were  identified in benthic and 
shorel ine samples  f r o m  lakes  and s t r e a m s .  The mos t  common species  
included amphipods and chironomids.  Dredge samples  f r o m  a depth of 
15 m i n  Cheewhat Lake had the highest biomass  levels with 19.0 /m2. 
Hitchie Lake had the lowest benthic biomass  with only 0.08 g/m' In 
s t r e a m s  the b iomass  ranged f r o m  approximately 0.15 to 1.73 g / m  in  
lower  Los t  Shoe and Hitchie c r e e k s ,  respectively.  

Eight f i sh  spec ies  were  identified f r o m  lakes and s t r e a m s  in  the 
P a r k .  These  included Dolly Varden, cut throat  t rout ,  sockeye and 
kokanee sa lmon,  coho salmon,  coas t range  sculpin,  prickly sculpin, 
th reesp ine  st ickleback, and the Pacif ic  lamprey.  Of the lakes  examined 
only Hitchie was without f ish .  

10. 

11. 

'2 

12. 

13. Sockeye sa lmon were  collected in  Cheewhat and Hobiton lakes; kokanee 
sa lmon w e r e  found in  Tsus ia t  and Tsuquadra lakes; coho salmon were  
collected in  Hobiton. Tsuquadra,  and Cheewhat lakes; cut throat  t rout  were  
found in  a l l  l akes  except Hitchie; Dolly Varden c h a r  were  collected in  
Hobiton and Tsuquadra lakes .  

Tsuquadra Lake had the highest ca tch  of salmonids  with 80 f ish per  
100 ya rds  net set overnight.  

15. 

Recommendations 

1. Only a v e r y  s m a l l  portion of the  many s t r e a m s  i n  the P a r k  were  
examined. An at tempt  should be made to de te rmine  the s ta tus  of f ish  
populations i n  P a r k  s t r e a m s .  A survey  should include the collection of 
information on: 

a .  s t r e a m  morphometry  and discharge 
b. spec ies  present  
c ,  population e s t ima te s  
d.  b a r r i e r s  to  f i sh  migrat ion 
e. effects of v i s i to r  activit ies 
f .  p resen t  and potential f ishing p r e s s u r e  
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2. Hobiton River is the only s y s t e m  in the Nitnat watershed having a 
spawning run  of sockeye salmon and r equ i r e s  special  attention to 
protect  the  spawning a r e a s .  Th i s  s t r e a m  is a popular canoe route 
and provides a c c e s s  to  v i s i t o r s  to  Hobiton Lake f rom Nitnat Lake. 
Measures  should b e  taken to  protect  the s e a  run populations during 
sensi t ive  migrat ion per iods.  

Efficient and proper  management of aquatic ecosys tems  requi res  the  
control  of act ivi t ies  in  t he  en t i re  watershed of each  water  body. 
Whenever the  opportunity a r i s e s  f o r  negotiation of boundries an effort 
should be made  to include a s  much watershed a r e a  a s  possible.  

The  possibil i ty of the  presence  of seawater  i n  the bottom a r e a s  of 
Hobiton and Tsus i a t  lakes  should be investigated. Water  chemis t ry  
s amples  f r o m  n e a r  maximum depth in  both these  lakes  a r e  required.  

A second visit to  Hitchie Lake to  verify the absence of f ish  should 
be undertaken. 

3 .  

4.  

5. 
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Table  2. Sumnary o f  macrophyte species d i s t r i b u t i o n  i n  lakes 
o f  P a c i f i c  R i m  Nat iona l  Park. Species c o l l e c t e d  a r e  
i n d i c a t e d  by "+". 

Species Lake Cheewhat H i t c h i e  Hobi ton Kichha Squalicum Tsuquadra Tsus ia t  

ISOETACEAE 
Isoetes nuttallii A. Br. 

POTAMOGETONACEAE 
Potamogeton gramineus L. 
Potumogeton filifonis Pers. 
Potamogeton natans I.. 
Potamogeton pusillus L. 
Potamogeton zosterifonis Fern. 
Potamogeton spp .  

Eleocharis palustris R.& S. (?) 

Carex aquatilis Wahlenb. 
Scirpus validus Vahl 

Unidentified 

Juncus superifomis Engelm. 
Juncus ftacatus Meyer (?) 
Juncus covellie var covellie 

Juncus sp. 

Brasenia schreberi Gmel. 
Nymphaea tetragona Georgi ssp. 

Nuphar polysepalwn Engel. 

FONTINACEAE 
Unidentified 

LOBELLIACEAE 
Lobelia dortnianna L. 

SPARGAiiIACEfiE 
Sparganiwn sp. 

LENTIBULARIACEAE 
Utricukria vutgaris L. 

HIPPURIDACEAE 
Hippuris vutgaris L. 

GENTIANACEAE 
Menyanthes trifoliata L. 

EQUI  SETACEAE 
Equisetwn fluviatile L. 

CYPERACEAE 

carex spp.  

GRAM1 NEAE 

JUNCACEAE 

Piper 

NYMPHAEACEAE 

teibergii (Morong) Porsild 

+ 

+ 
+ 
+ 
- - 

+ 
- 
+ 

+ + i 

+ - - 
+ 
+ 
+ 

+ 
- 
+ 

+ 
+ 
+ 

+ 
- 
+ 

+ 
- 
+ 

+ 

+ + 

+ 

+ + 

+ 

+ + t + + + 

+ 
- 
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.- _. - 
Lake Squal icui i i  H i t c h i e  l l o b i t u n  lsuqiradra T s u s i a t  Cheewhat K i c h t h  
Date 2 3 / 5 / 7 5  w s i 7 i  15/!J/75 14/9 /74  16/8/75 20/8/75 19/9/73 worn z u a m  2018175 -_ 

Volvocsles 
*ChLrunydornorr;s f r i g i d a  Skuja 14 10  

6 
- . 
8 6 36 41 

I 

18 34 22 64 36 

11 
14 

4 
6 

I7 14 
. - 36 8 

232 

22 22 45 

. 
11 . 
. 11 
3 - - 

58 
11 

. . 

20 
31 1 5  

17 
48 1 6 . 70 177 - I1 

34 . 39 11 

- 26 
. 

. 
17 56 

11 11 - 22 
14 . 
. 1L 

6 
I1 3 

. 30 
. 

. 

. 
- 
. 

11 . 

. 11 
3 - 
6 . 
6 . 

3 

14 . 

1 

34 

. 

W i l l s  & W i l l s  - 
Xanthidiun sp. 

XANTHOPHYTA 
Mischococcolcs 

Chloroclost,or S F .  f?J - 

d i m  sp. 
XANTHOPHYTA 

Mischococcolcs 
Chloroclost,or I F .  f?J 56 22 104 50 62 

. - 30 

CHRYSOPHYTA 
Rhizoclrrysidales  

iiitr,ichia c!,s.i;tii (Rev.) ChodaL 22 16 3 
iioliapsis sp. (?J . . 

. . 

- 1 28 . 
. - 8 . - . 6 - 

319 206 8 h2 356 
. 1 . 3 
. . . 

. 14 . 
1 3 - - 
9 . - . 
4 8 . 

. 4 - . 

. . . . 

- . . 

4 . 25 

4 . . 

279 229 428 

3 3 

. 3 17 

. - . 

. - . 

- . 
. 31 6 

- 3 . 

17 

5 8 . 
13 22 3 

. . . 

- - 
. . 

. - - 

. . . 

. 8 
I - 
8 I1 ;' 5 

4 . . 
4 - 39 

. .. 

. . 
20 

34 14 

. 
- - 

- - 
. 

:I 6 

a 6 

- 1 
. 11 

. . 

. . - - 
4 

- 15 
. . 10 10 7 

. . 4 8 
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- . 
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. 611 
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. 811 
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. - 
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- 
ZZ 11 

- . . . 02 8 n 
. - E 91 
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19 
81 611 
1 6 
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Table 4.  Summary o f  zooplankton species d i s t r i b u t i o n  i n  lakes 
of P a c i f i c  R i m  Nat iona l  Park. Numbers f l i t re  g iven.  

Lake Cheewhat H i t c h i e  Hobi ton Kichha Squalicum Tsuquadra Tsus ia t  
Date z 3 1 a m  i 5 1 a m  i61a1~5 z a i a m  23/5/75 z o i a m  2 3 1 a m  

ROTIFERA 

Gastropodus sp. 

Asplanchna sp. 
Conochilus s p .  

Kel l icot t iu  bostoniensis 

K.  longispina K e l l i c o t t  
Keratella near canadensis 

K.  cochlearis Gosse 
Ploesoma hudsoni Imhof 
Potyarthra vutgaris Carlin 
Trichocerca sv. 

Rousselet 

Berzins 

4.7 
1.6 - 
- 
1.6 

- 
0.2 

0.3 
0.2 

- 

Total 8.6 
CLADOCERA 

Alonella nana (Baird) - 

Daphnia longiremis Sars 0.1 
Bosmina longirostris  (Muller) 0.1 

D. rosea Sara - 
Diaphanosoma brachyuruni (Lieven) 6.9 
D. teuchtenbergianum Fischer - 
Hotopedim gibberuni Zaddach 0.7 

Polyphemus pediculus ( L i m e )  0.2 
Leptodora k ind t i i  (Focke) - 

Scapholebris kingi Sars 0.01 
Sida crys ta l l ina  (Muller) - 

Total 8.01 
COPEPODA 

Acanthocyclops vernalis Fischer 1.3 
Cuetops bicuspidatus thomasi 

Forbes - 
Diaptomus kenai Wilson - 
D. bregonensis Li l l j eborg  - 
D. t y r r e l l i  Poppe - 
Epischura neoadensis Lil l jeborg - 
Unidenti f ied naupl i i  - 

Total  1.3 
DIPTERA 

Chaoborus asticopus Dyar 6 Shan. - 
Grand Total 17.9 

- 
1.6 - 

- 
- 
- 
- - 
2.8 

4.4 
- 

- 
0.1 

0.2 
0.5 

0.02 

0.006 

- 

- 
- 

- - 
0.826 

- 

- 
0.1 
0.9 - - 
- 

1.0 

- 
6.226 

- - - 
- 
1.9 

- 
4.2 
0.2 
5.1 
0.3 
11.7 

- 
0.3 - - 
0.8 - - - - - - 
1.1 

- 
0.4 

0.6 
- 

- 
- .  
2.1 
3.1 

- 
15.9 

ROT I FERA 
CLADOCERA 
COPEPODA 
DIPTERA 

0.3 - - 
- - 
0.1 
29.4 
0.5 
46.4 

76.7 

0.1 
0.6 

- 

- - - 
30.8 
22.7 - - - - 
54.2 

0.8 

- - 
27.5 - - 
18.4 
46.7 

- 
177.6 

- - - 
- 
0.6 

- 
0.05 - 
- - 
0.65 

- 
0.1 
0.01 
0.1 
0.2 - 
- 
- 
- 
- 
0.003 
0.413 

- 

1.1 
0.4 

1.2 
0.2 
1.7 
4.6 

- 

- 
5.663 

- - 
- 

2.2 
8.0 

- 
1.3 

0.6 
0.4 
12.5 

- 

- 
0.1 - 
- 
2.3 

0.01 
0.01 

- 

- 
- - 
2.42 

- 
2.7 

0.8 
- 
- 
- 
6.3 
9.8 

0.009 
24.729 

- - 
0.005 

- 
8.7 

- 
0.5 

2.4 

11.605 

- 
- 

- 
0.3 

0.1 
0.3 

- 

- 
- - - 
- - 

0.5 

- 
1.1 - - - 
0.1 
6.1 
7.3 

- 
19.405 

Percentage composi t ion by major groups 

48.0 70.6 ' 73.5 43.1 11.4 50.5 59.8 
44.7 13.1 6.9 30.5 7.2 9.7 2.5 

16.0 19.4 26.2 81.2 39.6 37.6 - 7.2 
- - - - - 0.03 
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Table 5. Summary of benth ic  and s h o r e l i n e  i n v e r t e b r a t e  species d i s t r i b u t i o n  
i n  lakes o f  P a c i f i c  R i m  Na t iona l  Park. Numbers shown a r e  mean 
numberlm' from benth ic  dredge samples ( D )  and numbers c o l l e c t e d  
i n  30 minute shore l ine  ( S )  c o l l e c t i o n s .  Species c o l l e c t e d  o n l y  
i n  1974 a re  i n d i c a t e d  by "t". 

Lake Cheewhat H i t c h i e  Hobi ton Kichha Squalicum Tsuquadra Tsus ia t  
Sample D S  D S  D S  D S  D S  D S  D S  

TURBELLARIA 

OL IGOCHAETR 
Tricladida 

Nadiwn s p .  
Parnais sp.  1?1 
Rhynchelmis sp. 
Nais comunis Piguet 

HIRUDINEA 
Ilelobdella stagnalis  (Linnaeus) 
Placobdetla ornota (Virrill) 

GORDIDAE 
Gordius sp. 

AMPHIPODA 
CFangonys occidcntalis  ( i lubr icht  and 

Harrison) 
Hyalel la  neteca (Suussure, 

ISOPODA 
Asellus occidcntalis  Williams 

MYSC I DACEA 
Neomysis awatchansis (Brandt) 

DELAPODA 
Astacus klmnathensis Stimpson 

EPHEMEROPTERA 
ilabrophclhiodes sp .  

PLECOPTEEP. 
CQpnia sp. 

TRICHOPTERA 
Rhyacophilia sp.  
L i m n q h i l u s  s p p .  
Lepidostnma sp .  
GLuphopSyche sp .  
Drusiniis sp. 
Ptilostornus sp. 
Phryganea s p .  
Pupae 

DIPTERA 
Alluaudomyia s p .  
DasyheZia sp. 
Chaoborus asticopus Dyar and Shannon 

- - 1  

1 1 4  - 
2 4 3  - 
- 1 4  - - - -  

4 3  
1 4  - 

1 4  - - 2  
- - 12 

1 

- 1  - 5  - -  
2 8 9 1 4 2  - -  

7 1  
215 

4 - 1  
10 8 6  1 2  

- 
4 3  

- - - .  
15  - 3  

1 - 4  

- 14 - 

- - 2 5 8  - - -  344  57 

1 - -  1 4  - .  1 1  

- 57 1 
- - 5  
1 - -  
2 - -  

1 - -  
1 - -  

- - -  

- - -  

- 1 4  I 
- 14 - - - -  

- 

4 3  

1 8 6  
- 4 3  

1 1 4  
- .  

CHIRONOMIDAE 
Taanytarsus sp. 
Pentaneura sp .  
BriZZia sp. 
Phaempsectra sp. 
Froctadius sp. 
Dicrotcndtpce s p .  
Co?Mncneura sp. 
Psectrocladius s p .  
Polypedcliwn sp. 
Eukieffcriella sp.  
Cryptochirononius si'. 
cricotopus sp.  
Cl ino tanypm sp. 
Pupae 
Unidentified 

2 8 6  2 
2 8  1 

28 - 501 3 
14 - 4 3  1 

2 8  - 

4 3  - 57 1 
14 - 
- 4  

- 1 2  - 7 

- -  
86 - 114  - 
- -  
- -  
- -  - -  - -  - -  - -  - -  
- -  - -  

2 8 -  - -  
2 8  - 7 1  - 
28 - 4 3  - 

HEMIPTERA 
Geri,is notabi i i s  Drake and Hottes 
Tmpobatcs s p ,  
Corixidne 



7 2  

Table 5. Continued. 

Lake 
Sample 

COLEOPTERA 
Gyrinus sp.  
Liodessus sp.  
Hygrotus pa t rue l i s  (?I (LeConte) 
Haliplus sp. 

S i a t i s  s p .  

Somatochlora s p .  

MEGALOPTERA 

ODONATA 

Libetlula comanche Calvert 
Libellu7.a sp. 
Ishnura perparva Selys  
Ishnura s p .  
Sympetrwn vicinum (Hagen) 
S y m p e t m  madidvm (Hugen) 
Aeskna in terrupta  Walker 
hiry2hcmis sp.  
Tetragonernio ep .  
Zoningrion s p .  

ACARINA 
Hydrodoma sp. 
Frontipodia sp. 
Poroto7unanne l l a  sp .  

Hydraeiina sp. 
Arrenurus sp. 
Lebertia s p .  
Hydrochoreotcs sp.  
Orbs f ei 

Limnesia sp. 

l ’ i o n i d x  
U n i d e n L i f i c d  

MOLLUSCA 
c~rczus sp. 
Pisidiwn sp. 
Margaritifera niargar4tifera Linne 
Spharim sp .  
Ferrisia s p .  
Physa sp. 
HeZisoma SD.  

Cheewhat H i t c h i e  t lob i ton Kichha Squalicum Tsuquadra Tsus ia t  
D S  D S  D S  D S  D S  D S  0 s  

1204 - 213 - 676 - 1160 - 1178 - 546 - 158 - 2 Mean t o t a l  number per m 
Mean biomass g per  m 2  8 .8  - 0.06 - 6 . 6 2  - 4 . 3  - 5.3 - 2 . 2  - 1.5 - 
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Table 6. Suiimiary of i n v e r t e b r a t e  species d i s t r i b u t i o n  i n  stseams o f  P a c i f i c  
Riin Nat ional  Park. Nuinbers shown a re  mean number/m . Species 
c o l l e c t e d  i n  1974 a re  i n d i c a t e d  by "t". 

Stream Unnamed H i t c h i e  Upper Lower Upper Lower 

Lake) Creek Creek Creek Creek 
(Cheewhat Creek Lost  Shoe L o s t  Shoe Squalicum Squalicum 

Unnamed 
(Tsus ia t  
Lake) 

TURBELLARIA 

OLIGOCHAETA 

T r i c l a d i d a  

Paranais sp. 
Nadiwn sp .  
Hhynchelmis sp.  
Nais comunis P i g u e t  

H I  R U D I  NEA 
Helobdella s tagnal i s  (Linnaeus)  
Erpobdctla punctata (Le idy)  

Hyalella azteca (Saussure) 
Anisogatmnarus rmellus (Weckel) 

Habropblbiodes sp. 
Centsoptilwn sp.  
Baetis  sp .  
Cingmula sp. 
Ephemerella sp. 
Paratcptophe lb ia  s p .  
U n i d e n t i f i e d  

PLECOPTERA 

AMPH I PODA 

EPHEMEROPTERA 

Il'emoura cinctipes Banks 
Nemoura sp .  
Acroneuria ' p .  
Alloperla s p .  
Capnia s p .  
Isogenus sp. 

TRICHOPTERA 
iihyacophilia sp.  
Lime ph ih i s  sp. 
Chewnotopsyche q. 
Hydropsyche sp. 
Lepidostoma sp. 
Drasinus s p .  
Emlsomyia s p .  
Ptilostonms sp. 
L i m n e p h i l i d a e  
L e p t o c e r i d v e  

DIPTERR 
Alluaudomyia sp. 
Pedicia s p .  
S i m u l i i d a e  
T i p u l i d a e  
Rhagionidac  
Tabanidae 

+ 
+ - 

+ 

+ 

+ 
- 

+ 

+ 
+ 

+ - 

Continued 
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Table 6. Continued, 

Stream Unnamed H i t c h i e  Upper Lower Upper 
(Cheewhat Creek Los t  Shoe Los t  Shoe Squalicum 
Lake) Creek Creek Creek 

CHIRONOMIDAE 
Chironoms sp. 

Pentaneura o p .  
BrilZia sp. 
Phaenopsectra sp. 
Proctadius sp. 
Corynoneuro sp. 
Psoctrocladius sp. 
Potypedelim sp. 
Eukieffereriella sp. 
Cr ico topu sp. 
CZinotanypus s p .  
Pupae 
Unidentified 

?anytU3'Slls S p .  

COLEOPTFRA 
Hygrotus p a t r u e l i s  (Leconte) ( ? )  
1-rccobius sp . 
Dytiscidae larvae 

ODONATA 
Somatochtoro semicircuZar% 

(Selys) 
somatochtoro sp. 

ACARINA 

Sperchon sp. 
L i m e s i a  sv.  

Porolohmcmct to sp, 

Lebertio s p .  
Oribatei 
Unidentified 

-4 

MOLLUSCA 
Gyralus sp. 
Pisidiwn sp. 

Mean t o t a l  number petj m2 
Mean biomass g per ni 

- 
152  - 

- 
- 

18 
1.6 
3.3 

21.5 
5 - 
- 

2 9  
39 

- 
- 
8 

- 
- 

- - - - 
5 

3.3  

6.5 - 
4 0 1  

1.73 

- 
- 

2.5  - 
- 

1 5  
2.5 
2.5 - 
- 
- 
- 

1 5  - 

- 
- 
- 

- 
5 

5 
12  - 
- 

17 
- .  

75 
2172 

2614 
1 .28  

Lower Unnamed 
Squalicum (Tsusiat  
Creek Lake) 

3.3 
3 5  

- 

4 1 0  - 
0.20 - 
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APPENDIX A. 

GLOSSARY 

Note: Only a b a s i c  s e l e c t i o n  of taxonomic and anatomic terms i s  
included i n  t h e  glossary.  The reader  i s  r e f e r r e d  t o  any of 
t h e  many s tandard  taxonomic, b a s i c  limnology, o r  genera l  
biology r e fe rences  l i s t e d  i n  t h e  b ib l iography f o r  a s s i s t a n c e  
w i t h  taxonomic and anatomic terms. 

Acarina - ( see  Hydracarina) 

a c t i v i t y  c o e f f i c i e n t  - r a t i o  of inorganic  carbon uptake by a l g a l  
photosynthesis  t o  biomass of  t h e  a lgae  (expressed a s  carbon 
o r  a s  freshweight) .  

ae rob ic  - refers t o  a condi t ion  where oxygen is present  more o r  l e s s  
abundantly . 

a f f l u e n t s  - t r i b u t a r i e s ;  n o t  t o  be confused with a f f luence;  see a l s o  
" e f f luen t s  'I. 

a l k a l i n i t y  - excess of bases over  s t r o n g  ac ids ;  i n  most Canadian 
waters, a l k a l i n i t y  comes from hydrolys is  of b icarbonate  ions. 

Amphipoda - an order  of Crustacea; common i n  marine and f reshwater  
environments; most f requent ly  ben th ic  o r  meroplanktonic; 
one of many groups c a l l e d  " freshwater shrimps". 

albedo - f r a c t i o n  of i nc iden t  l i g h t  t h a t  i s  r e f l e c t e d  by a s u r f a c e  
(e.g. by clouds o r  a f i e l d  of snow). 

a l l u v i a l  - t r anspor t ed  by water and subsequently deposi ted ( i . e .  as  
s o i l s ) .  

a l lochthonous - organic  ma t t e r  formed p r imar i ly  by photosynthesis  
o u t s i d e  t h e  system under cons idera t ion  and coming i n t o  t h e  
system by some form of t r a n s p o r t  (u sua l ly  a i r  o r  water) .  

a l p i n e  - above t r ee- l ine ;  zone of t h e  mountains roughly equiva lent  
t o  t h e  tundra of t h e  a r c t i c / s u b a r c t i c .  

anaerobic - r e f e r s  t o  organisms which f a c u l t a t i v e l y  o r  by o b l i g a t i o n  
t h r i v e  i n  t h e  absence of  oxygen; l ack ing  i n  oxygen. 

Anostraca - a group of Crustacea commonly c a l l e d  f a i r y  shrimps and most 
commonly occurr ing  i n  temporary waters. 

anoxic - condi t ion  of inadequate oxygenation. 

a s s i m i l a t i o n  - t h e  t ransformation of absorbed n u t r i e n t  substances i n t o  
body substances.  



A- 2 

astat ic  waters - l akes  of an endorheic reg ion  ( o u t l e t  r i v e r s  l o s t  i n  
dry courses and do not  reach t h e  sea )  usua l ly  having 
f l u c t u a t i n g  water  levels. 

microscopic p l a n t  and a n i m a l  forms which encrus t  submerged 
su r faces  of l i v i n g  organisms and non- living subs t r a t e s .  

organic  mat te r  o r i g i n a t i n g  wi th in  t h e  system under 

aufwuchs - 

autochthonous - 
cons idera t ion  and p r imar i ly  by photosynthesis .  

au to t roph ic  - r e f e r s  t o  the  n u t r i t i o n  of those  organisms a b l e  t o  
cons t ruc t  organic  matter from inorganic  ( p r i n c i p a l l y  green 
p l a n t s ) .  

autumnal c i r c u l a t i o n  - t h e  overturn o r  f u l l - c i r c u l a t i o n  during t h e  
per iod  of homothermy i n  autumn; enhanced by wind. 

bathymetr ic  - concerning the sc i ence  of deep-water sounding, e s p e c i a l l y  
t h e  sea. 

t h e  a s s o c i a t i o n  of s p e c i e s  of  p l a n t s  and animals t h a t  l i v e  
i n  o r  on t h e  bottom sediments of a body of water .  

benthos - 

biochemical oxygen demand - decrease i n  oxygen content  i n  m g / l i t r e  of 
water  i n  t h e  dark over  t i m e  per iod ,  brought about mainly by 
b a c t e r i a l  breakdown of organic  mat te r .  

biocoenosis  - community of organisms whose composition and aspec t  i.s 
l inked  t o  environmental p r o p e r t i e s  and by t h e  r e l a t i o n s h i p s  
of t h e  organisms t o  each o the r .  

mass u n i t s  of organic  matter p e r  u n i t  su r face  a r e a  o r  per 
u n i t  volume; mass of l i v i n g  m a t e r i a l  i n  an organism, 

t h e  f l o r a  and fauna of a given h a b i t a t .  

biomass - 

b i o t a  - 

BOD - ( see  biochemical oxygen demand) 

b u f f e r  - mixture of weak a c i d s  and their  salts  which minimizes e f f e c t s  of 
changes i n  hydrogen-ion concentrat ion.  

l4C-method - determinat ion of a s s imi l a t ion  o r  Photosynthesis  by 
11 marking" t h e  photosynthate  wi th  r a d i o a c t i v e  carbon ( l L ' C ) ,  
usual ly  as bicarbonate.  

catchment a r e a  o r  bas in  - the  e n t i r e  a r e a  from which drainage is 
received by a body of  water ;  a watershed. 

Chironomidae - t h e  r.hironomids or midges; Diptera ;  l a rva l  stnr :es ax 
aqnnt i.1:. 
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c i rque  - usual ly  a c i r c u l a r  v a l l e y  wi th  p rec ip i tous  wa l l s  and u s u a l l y  
formed by g l a c i a t i o n .  

Cladocera - small  p lanktonic ,  meroplanktonic, o r  ep iben th ic  Crustacea 
o f t e n  known as water  f l e a s  (e.9. Daphnia, Bosmina). 

Coelentera ta  - j e l l y f i s h  and t h e i r  r e l a t i v e s ;  ~ H- i s  one of t h e  few 
freshwater  forms. 

cohort  - groups of a n i m a l s  born a t  t h e  same t i m e .  

Coleoptera - t h e  b e e t l e s ;  l a r v a e  and a d u l t s  of many spec ies  a r e  
aquat ic ;  o f t en  h ighly  predaceous; f requent  in l akes  and 
o f t e n  very  common i n  ponds. 

col i form b a c t e r i a  - a l l  of the  aerobic  and f a c u l t a t i v e  anaerobic 
gram-negative, non-spore-forming, rod-shaped b a c t e r i a  
which ferment l a c t o s e  with gas formation wi th in  48h a t  35OC. 

community - groups of organisms i n  a h a b i t a t ,  more c l o s e l y  r e l a t e d  to  
each o t h e r  eco log ica l ly  than t o  o t h e r  groups; t h e  

biocoenosis" . 9 ,  

compensation p o i n t  - t h e  depth a t  which a s s i m i l a t i o n  and d i s s i m i l a t i o n  
a r e  equal  ( i . e .  where production approximately equals  
des t ruc t ion ) .  

competi t ion - e f f e c t  of one organism ( o r  group of organisms) on another 
i n  t h e  s t r u g g l e  f o r  food, n u t r i e n t s ,  l i v i n g  space, o r  o the r  
comnon needs. 

Conchostraca - a group of bivalved meroplanktonic or  ep ibenth ic  
Crustacea known a s  "clam shrimps" (c lose ly  r e l a t e d  t o  
Anostraca).  

conduct iv i ty  - ( see  s p e c i f i c  conductance). 

congeneric - of the  same genus; two spec ie s  of t h e  same genus a r e  
r e f e r r e d  t o  as congeneric spec ie s .  

convection - movements of p a r t i c l e s  of a f l u i d  as a r e s u l t  of changes 
i n  dens i ty  (usua l ly  as a r e s u l t  of hea t ing  o r  cool ing) .  

t h e  copepods; an order  of Crustacea having 3 main f r e e- l i v i n g  
groups (Colanoida, Cyclopoida, Harpact icoida)  and some 
p a r a s i t i c  forms. 

Copepoda - 

C o r i x i d x  - water  boatmen; family of Hemiptera; both nymphs and a d u l t s  
aqua t i c ,  although a d u l t s  can f l y  f o r  d i s p e r s a l ;  common 
i n h a b i t a n t s  of shallow-water h a b i t a t s .  
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cosmopolitan - i n  biology,  r e f e r r i n g  t o  world-wide d i s t r i b u t i o n .  

d e l t a  - t r i a n g u l a r  a l l u v i a l  depos i t  a t  o r  i n  t h e  mouth of a river. 

d e t r i t u s  - f i n e l y  divided s e t t l e a b l e  m a t e r i a l  suspended i n  t h e  water ;  
organic  d e t r i t u s  = broken down remains of organisms. 

d i m i c t i c  - temperate l akes  wi th  sp r ing  and f a l l  over turns ;  two per iods  
of f u l l  c i r c u l a t i o n .  

D i p t e r a  - two-winged i n s e c t s ,  o f t e n  wi th  a q u a t i c  l a rvae ;  inc1ude.s f l i e s  
and mosquitoes (e.g. Chironomus, e, Chaoborus). 

drainage b a s i n  - a r e a  from which p r e c i p i t a t i o n  d ra ins  i n t o  a given l a k e  
o r  river. 

drainage lakes  - l a k e s  wi th  a cons i s t en t  su r face  o u t l e t  through which 
most water  l o s s  (except by evaporat ion)  occurs.  

d r i f t  - t h e  f l o r a  and fauna of running waters  being t r anspor t ed  
pass ive ly  downstream by t h e  cur rent .  

dys t rophic  - brown-water l akes  wi th  low l i m e  content  and high humus 
content ,  o f t e n  low i n  n u t r i e n t s .  

eco log ica l  e f f i c i e n c y  - r a t i o  (as  percent )  between energy flow a t  
d i f f e r e n t  po in t s  along t h e  food chain; r a t i o  of food 
consumed a t  one t r o p h i c  l e v e l  and food suppl.ied t o  comparable 
po in t  i n  preceding l e v e l .  

ecology - t h e  s tudy of the  r e l a t i o n s h i p s  of organisms t o  t h e i r  
environment (from Greek __ oikos = house; a = d i scour se ) .  

ecosystem - an a rea  of n a t u r e  where l i v i n g  organisms and non- living 
substances i n t e r a c t  t o  provide an exchange of m a t e r i a l s  
between t h e  l i v i n g  and t h e  non- living p a r t s .  

e f f l u e n t  - t h e  outflow; usual ly  r e f e r s  t o  sewage outflow a f t e r  some 
form of t reatment .  

Ephemeroptera - an order  of i n s e c t s  inc luding  t h e  Mayflies; l a r v a e  
are common i n h a b i t a n t s  of l akes  and r i v e r s .  

ephippium - r e s i s t a n t ,  o f t en  overwinter ing,  egg form of Cladocera; 
u sua l ly  formed by sexual  reproduct ion.  

ep iben th ic  - s u p e r f i c i a l l y  ben th ic  organisms of t h e  mud-water i n t e r i a c e .  

epi l imnion - t u rbu len t  s u p e r f i c i a l  l aye r  of a l a k e  above t h e  mf taL imion  
o r  thermocline. 
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euphot ic  zone - t o t a l  i l luminated  s t ra tum of a l ake ,  inc luding  l imne t i c  
and l i t t o r a l  zones. 

eu t rophic  - waters wi th  a good supply of n u t r i e n t s  and, hence, a r i c h  
organic  production. 

eu t roph ica t ion  - enrichment of  waters  by n u t r i e n t s  e i t h e r  through man's 
a c t i v i t i e s  o r  by n a t u r a l  means. Phosphorus and n i t rogen a r e  
t h e  2 most important elements respons ib le  f o r  eu t rophica t ion .  

e x t i n c t i o n  c o e f f i c i e n t s  - mathematically and experimental ly derived 
va lues  desc r ib ing  t h e  r a t e s  a t  which l i g h t  of d i f f e r e n t  wave 
l eng ths  i s  ext inguished by absorpt ion  and d i f f u s i o n  as i t  
passes through n a t u r a l  water.  

exuvia - (p l .  exuviae) an animal 's  c o a t ,  s k i n ,  s h e l l ,  o r  o u t e r  covering. 

f e t c h  - t h e  d i s t ance  t h a t  a wind blows ac ross  a l a k e  su r face ;  t h e  
longer  t h e  f e t c h ,  t h e  higher  t h e  waves. 

food chain - t r a n s f e r  of food energy from t h e  p l a n t  source through a 
s e r i e s  of organisms with repeated e a t i n g  and being ea ten;  
t h e  s h o r t e r  t h e  food chain,  t h e  g r e a t e r  the  e f f i c i ency .  

food web - i n t e r l o c k i n g  p a t t e r n s  of food chains forming a complex 
p a t t e r n .  

Gastropoda - t h e  common s ing le- she l l ed  mollusks of f reshwater ;  the  
s n a i l s .  

g l a c i a l  r e l i c t  - su rv ivor s  of t h e  P le i s tocene  b i o t a  usual ly  r e s t r i c t e d  
t o  c e r t a i n  l o c a l i t i e s  because of g l a c i a l  h i s t o r y  and 
temperature to l e rance .  

a change i n  a phys ica l  property r e l a t e d  t o  a u n i t  of length  
o r  he ight  (e.g. temperature per  metre) .  

t h e  p lace  where t h e  organism l i v e s ;  an organism's "address". 

g rad ien t  - 

h a b i t a t  - 

hard-water l akes  - > 60 p.p.m. as CaC03; 61-120 p.p.m. = medium hard; 
121-80 p.p.m. = hard water ;  2 180 p.p.m. = very  hard water. 

hardness - a n t i- l a t h e r i n g  (soap) and scale- forming q u a l i t y  of water  
due t o  a l k a l i n e  e a r t h  s a l t s ,  mainly carbonates  and 
b icarbonates  of magnesium and calcium (most commonly calcium 
bicarbonate) .  

hea t  budget - balance between heat content  and uptake (absorpt ion and 
t r a n s f e r )  and heat  l o s s  ( r a d i a t i o n ,  conduction, evaporat ion) .  
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h e c t a r e  - (ha) u n i t  of square measure, 100 metres x 100 metres;  
approx. 2.47  acres .  

Hemiptera - an order  of i n s e c t s ;  t h e  t r u e  "bugs", inc luding  Corixidae 
and g i a n t  w a t e r  bugs. 

he tero thermic  - i r r e g u l a r  temperature r egu la t ion  i n  pr imi t ive  mammals; 
u sua l ly  considered equiva lent  t o  poiki lothermic.  

he t e ro t roph ic  - r e f e r s  t o  n u t r i t i o n  of p1.ants and animals which a r e  
dependent on formed organic  mat te r  f o r  food. 

Hirudinoidea - l eeches ;  members of phylum Annelida, t h e  segmented worms. 

holomic t ic  - r e f e r s  t o  l akes  which c i r c u l a t e  completely t o  t h e  bottom, 
e s p e c i a l l y  at  t h e  time of autumnal c i r c u l a t i o n .  

homothermy - condi t ion  of uniform temperatures  throughout,  a s  at  f a l l  
0 turnover  which begins when water column uniform a t  4 C. 

Hydracarina - water  m i t e s ;  groups of aqua t i c  arachnids.  

hypolimnion - deep l a y e r  of a l ake  ly lng  below t h e  metalimnion o r  
thermocline and normally removed from su r face  in f luences .  

imago - t h e  " perfec t  i n sec t"  o r  a d u l t  form reached a t  t h e  conclusion 
of metamorphosis. 

i n s o l a t i o n  - incoming r a d i a t i o n  from t h e  sun; n o t  t o  be  confused wi th  
i n s u l a t i o n .  

i n t e r s p e c i f i c  - between spec ie s  (e.8. competition between s p e c i e s ) .  

i n t r a s p e c i f i c  - wi th in  a spec ie s  (e.g. competition between members of 
a s i n g l e  s p e c i e s ) .  

i n t e r n a l  s e i che  - s tanding  wave wi th in  a lake ;  o s c i l l a t i o n s  of  t h e  
d i s c o n t i n u i t y  l a y e r  i n  a thermal.ly s t r a t i f i e d  lake.  

ion  - e l e c t r i c a l l y  charged p a r t i c l e s  i n  aqueous so lu t ion ;  anions 
a r e  nega t ive ly  charged ions  which migrate  t o  t h e  anode; 
c a t i o n s  a r e  p o s i t i v e l y  charged ions  which migra te  t o  t h e  
cathode; molecules which d i s s o c i a t e  i n  water  form ions.  

isotherms - a l ine  of t h e  same temperature va lue ,  u sua l ly  r e f e r r i n g  
t o  graphs. 

k e t t l e  l akes  - l a k e s  forming i n  depress ions  i n  te rminal  moraine 
formations l e f t  by con t inen ta l  g l a c i e r s .  

l a c u s t r i n e  - p e r t a i n i n g  t o  l akes .  
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l a r v a  - e a r l y  form of an animal un l ike  t h e  parent  ( i . e .  as i n  
complete metamorphosis i n  i n s e c t s ) .  

l e n t i c  - r e f e r r i n g  t o  standing-water h a b i t a t s  ( lake,  swamp, pond, 
o r  bog). 

l imne t i c  - open water  zones t o  t h e  depth of e f f e c t i v e  l i g h t  penet ra t ion .  

limnology - s tudy of in land  waters; from Greek = l ake ,  and = 
discourse.  

l i t t o r a l  - t h e  shoreward s e c t i o n  of a body of water  wi th  l i g h t  penet ra t ion  
t o  t h e  bottom. 

l o t i c  - r e f e r r i n g  t o  running-wacer h a b i t a t s  ( spr ing ,  stream, r i v e r ) .  

Lugol 's s o l u t i o n  - 10  g pure  iodine ,  20 g K I ,  200 cc  d i s t i l l e d  H 2 0 ,  
20 g g l ac i a l  a c e t i c  ac id ;  s o l u t i o n  added t o  a l g a l  sample i n  
1:lOO r a t i o .  

macrobenthos - benth ic  organisms c l e a r l y  v i s i b l e  t o  t h e  naked eye. 

macrophytes - vascular  aqua t i c  p l a n t s  which may grow e i t h e r  f r e e- f l o a t i n g ,  
t o t a l l y  submerged, o r  emergent above the  water  su r face .  

meromictic - l akes  undergoing only p a r t i a l  c i r c u l a t i o n  due t o  thermal o r  
s a l i n i t y  s t r a t i f i c a t i o n .  

meroplanktonic - temporari ly planktonic;  r e f e r s  t o  animals planktonic 
during p a r t  of t h e i r  l i v e s  o r  f o r  p a r t  of t h e  day. 

metalimnion - ( see  thermocline) .  

micrometre - 

micron - ( see  micrometre). 

m i l l i e q u i v a l e n t s  p e r  l i t r e  = equiva lent  p a r t s  per  m i l l i o n  (e.p.m.) - one 

(w) = 1/1000 of a mi l l ime t re ,  1 / l p O O , O O O  of a metre. 

equiva lent  of any element w i l l  exac t ly  combine wi th  o r  be 
equiva lent  t o  one equivalent  of any o the r  element. Sum of 
a l l  negat ive  ions  i n  n a t u r a l  waters  must equal  sum of p o s i t i v e  
ions  i n  terms of equiva lents .  

Mollusca - t h e  mollusks ( s n a i l s  and clams). 

monomictic - a l ake  i n  which t h e  water  mass mixes o r  c i r c u l a t e s  
completely once a yea r .  

moraine - a r i d g e  o r  mound of e a r t h ,  s tones ,  e t c . ,  c a r r i e d  o r  pushed 
by a g l a c i e r  and deposi ted on adjacent  ground. 
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morphoedaphic index - a p roduc t iv i ty  index f o r  l a k e s  based on 
morphometric and s o i l  (or sediment) r e l a t e d  f a c t o r s  
such as water chemistry. 

morphometry - measure of e x t e r n a l  form; branch of limnology dea l ing  
wi th  morphologic measurements of l akes  and t h e i r  bas ins .  

naiad - a nymph s t a g e  i n  t h e  l i f e  cyc le  of c e r t a i n  i n s e c t s  e x h i b i t i n g  
incomplete metamorphosis; resembles a d u l t  in many re spec t s .  

nannoplankton - por t ion  of t h e  open-water plankton too smal l  t o  be 
c o l l e c t e d  with n e t s ;  usua l ly  accepted as those 0rganism.s under 
60 pm i n  maximum dimension. 

nekton - powerful swimmers among freshwater  animals t h a t  are capable 
of moving about v o l u n t a r i l y  from place  t o  place. 

nematodes - unsegmented roundworms; many f r e e- l i v i n g  forms i.n t h e  benthos 
and many p a r a s i t i c  forms. 

n e w t o n  - community of the s u r f a c e  f i l m  of water .  

n i che  - t h e  p o s i t i o n  o r  s t a t u s  of an organism wi th in  t h e  community 
o r  ecosystem; by analogy, t h e  organism's "profession" . 

Notostraca - a group of ep iben th ic  Crustacea commonly c a l l e d  tadpole  
shrimps; c l o s e l y  r e l a t e d  t o  the  Anostraca. 

nymph - immature s t a g e  of i n s e c t  which resembles the  a d u l t  i n  
many s t r u c t u r a l  f e a t u r e s ;  metamorphosis he re  involves  gradual  
changes r a t h e r  than t h e  r a d i c a l  morphological changes of 
"complete metamorphosis". 

Odonata - t h e  d ragonf l i e s  and damsel f l ies ;  u sua l ly  highly predaceous 
bo th  as aqua t i c  na i ads  and a e r i a l  a d u l t s .  

Oligochaeta - a group of annel ids  mainly t e r r e s t r i a l  and fresh-water;  
segmented worms with r e l a t i v e l y  few chaetae  o r  b r i s t l e s  per  
segment. 

o l i g o t r o p h i c  - d e s c r i p t i v e  term f o r  l akes  which a r e  c h a r a c t e r i s t i c . i l l y  
deep, r i c h  i n  oxygen, have l i t t l e  macrophyte vege ta t ion  around 
margins, a r e  poor i n  d isso lved  n u t r i e n t s ,  and have low r a t e s  
of product ion.  

Ostracoda - t h e  os t racodes ;  small  bivalved crustaceans usual ly  on ,ar i n  
t h e  ben th ic  sediments. 

o t o l i t h  - m a s s  of calcium c;arbonate c r y s t a l s  i n  the  i n t e r n a l  ea r ;  i n  
bony f i s h e s  tends t o  have c h a r a c t e r i s t i c  shape for  each 
spec ie s ;  forms annu l i  and,  t he re fo re ,  u s e f u l  i n  agv 
det eriii.inat i on .  
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parthenogenesis  - development of an egg without  t h e  en t rance  of 
a sperm. 

pe lag ic  - r e f e r s  t o  reg ion  of f r e e  water  i n  s e a s  o r  inland lakes;  
of t h e  open-water o r  l imne t i c  zone; u sua l ly  r e f e r s  t o  t h e  
ocean. 

Pelecypoda - bivalved mollusks (freshwater  clams); common i n h a b i t a n t s  
of r e l a t i v e l y  s t a b l e  s u b s t r a t e s  f r e e  from p o l l u t i o n  and 
excessive s i l t i n g .  

periphyton - minute organisms (both p l a n t  and animal) a t tached  t o  
submersed s u b s t r a t e s  ( l i v i n g  o r  non- living) which p ro jec t  
above t h e  sediments; u sua l ly  accepted a s  equiva lent  t o  
German term "Aufwuchs". 

PH - a measure of t h e  hydrogen i o n  concent ra t ion;  pH of 0 t o  7 
i n d i c a t e s  excess of hydrogen ions  over  hydroxyl i ons  = a c i d i t y ;  
pH over  7 t o  14 i n d i c a t e s  excess of hydroxyl ions  over  
hydrogen ions  = a l k a l i n i t y ;  pH of 7 = n e u t r a l i t y .  

photosynthesis  - s y n t h e s i s  of organic  matter from inorganic  carbon (as  
C02 o r  b icarbonate)  wi th  t h e  a i d  of r ad ian t  energy. 

phytoplankton - p lan t  po r t ion  of t h e  plankton (see plankton).  

p i s c i n e  - of f i s h .  

p isc ivorous  - f i sh- eat ing .  

planimetry - measurement of su r face  a rea  of p lane  f i g u r e s  by t r a c i n g  
t h e i r  per imeters  with a mechanical-mathematical device. 

t h e  t o t a l  community of the  f r e e  water  (or  l imne t i c  zone of 
l a k e s ) ;  i n  a s t r i c t  sense,  only t h e  non-motile forms d r i f t i n g  
pass ive ly ,  but  now usual ly  extended t o  inc lude  a l l  l i v i n g  
forms i n  f r e e  water  except v e r t e b r a t e s ,  l a r g e r  i n s e c t s  and l a r g e r  
Crustacea. 

plankton - 

Plecoptera  - t h e  s t o n e f l i e s ;  nymphs common i n h a b i t a n t s  of s w i f t ,  cool 
streams and shores  of o l i g o t r o p h i c  l akes .  

poik i lo thermic  - r e f e r s  t o  animals whose temperatures f l u c t u a t e  w i t h  
t h a t  of t h e i r  environment. 

p o l l u t i o n  - contaminated, d e f i l e d ,  o r  degraded wi th  unnatura l  ma te r i a l ;  
degradat ion of a n a t u r a l  environment by the  add i t ion  of 
fo re ign  m a t e r i a l .  

po lymic t ic  - l a k e s  wi th  almost continuous c i r c u l a t i o n  o r  very f requent  
over  turns.  
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populat ion - a group of ind iv idua l s  of one s p e c i e s  c lose ly  a s soc ia t ed  
wi th  each o the r  and forming a cohesive u n i t .  

potamoplankton - t r u e  river plankton. 

p.p.m. - p a r t s  per  m i l l i o n  = mill igrams per  l itre (d isso lved  salts). 

primary production - amount of energy s t o r e d  as o rgan ic  matter through 
photosynthe t ic  a c t i v i t y  of p l an t s .  

production - sum of growth increments of a l l  i nd iv idua l s  of a spec ie s  
populat ion (surv ivors  + non- survivors) i n  a d i s c r e t e  t i m e  
period. 

p roduc t iv i ty  - t roph ic  n a t u r e  of a water body o r  o the r  h a b i t a t ;  
a ra te  assessment o f t e n  implying c h a r a c t e r i s t i c s  r e spons ib le  
f o r  high o r  low produc t iv i ty ;  approximately equivalent  t o  
b i o a c t  i v i t y "  . 11 

profundal  - of t h e  deeper p a r t  of a lake ;  u sua l ly  considered t h a t  deep 
zone beyond depth of e f f e c t i v e  l i g h t  pene t r a t ion .  

p r o g l a c i a l  l a k e s  - occurr ing  in  f r o n t  o f ,  a t  o r  immediately beyond t h e  
margin of a g l a c i e r  o r  ice- sheet .  

protozoan - s ing le- ce l l ed  animal. 

psammon - the  community of t h e  spaces between sand and f i n e  g r a v e l  on 
the shores  of l a k e s  and r i v e r s .  

pseudoplankton - o r  I *  tychoplankton"; organisms " acc identa l ly"  i n  t h e  
plankton 

pyrheliometer - 
rheoph i l i c  - 

a device f o r  measuring and recording s o l a r  r ad ia t ion .  

r e f e r r i n g  t o  organisms which seek a running water h a b i t a t .  

r i f f l e  - 

R o t i f e r a  - 

saprobic  - 

s c r e e  - 

shal low s e c t i o n  a c r o s s  t h e  bed of  a stream over  which water  
flows quickly  so t h a t  water su r face  i s  broken i n  waves; s m a l l  
wave o r  a succession of small waves. 

t h e  r o t i f e r s  o r  "wheel animalcules" , so- cal led because of 
their apparent  ly-whirling c i l i a t e d  s t r u c t u r e s ;  probably 
coenocytic;  many epibenth ic  and p lanktonic  forms. 

r e f e r r i n g  t o  dead o r  decaying o rgan ic  material o r  organisms 
which depend on such m a t e r i a l  f o r  food. 

s t e e p  s lop ing  accumulation of rock fragments a t  t h e  f o o t  of 
c l i f f s ;  f r o s t  considered most important s i n g l e  agent c r e a t i n g  
t h i s  fragmented ma te r i a l .  



A- 11 

Secchi- disc t ransparency - a measure of water  t ransparency u t i l i z i n g  a 
wh i t e  o r  black-and-white d i s c  lowered t o  t h e  p o i n t  a t  which 
i t  d isappears  from s i g h t .  

secondary production - quan t i ty  of food o r  energy s to red  a s  biomass 
by consumers of  primary producers ( i . e .  p l a n t s  and some 
b a c t e r i a )  ; t h i r d  t roph ic  l e v e l .  

seepage l a k e s  - a l ake  i n t o  which ground water  e n t e r s  and from which 
water leaves  by seeping through t h e  l ake  bas in  wa l l ;  no 
cons i s t en t  su r face  i n l e t  o r  o u t l e t .  

s e i c h e  - (see i n t e r n a l  s e i che ) .  

s e s ton  - c o l l e c t i v e l y ,  a l l  p a r t i c u l a t e ,  f r ee- f loa t ing  matter, l i v i n g  
or dead, and inc luding  zooplankton and phytoplankton. 

s h o r e l i n e  development - r a t i o  of t h e  a c t u a l  perimeter  of a l a k e  and 
circumference of a c i r c l e  having same area.  

soft- water  l akes  - waters wi th  n o t  more than 60 p.p.m. hardness a s  
CaC03;  l i t t l e  o r  no  i n h i b i t i o n  t o  soap l a t h e r i n g  and l i t t l e  
s c a l e  formation i n  b o i l e r s ,  e t c .  

s p e c i f i c  conductance - t h e  amount of e l e c t r i c a l  cu r ren t  conducted by 
water depends on t h e  amount and na tu re  of d isso lved  s a l t s  
( i o n s ) ;  measured i n  micro-mhos (pmho), u sua l ly  a t  20 o r  25 C. 

s t agna t ion  period - t i m e  per iod of thermal s t r a t i f i c a t i o n  where 
d i f f e r e n c e s  i n  water-mass d e n s i t i e s  prevent mixing of 
water mass. 

s tanding  crop - i n  limnology, t h e  biomass present  i n  a body of water  
a t  a p a r t i c u l a r  t i m e .  

s tenothermic - having a narrow temperature to lerance .  

s t r a t i f i c a t i o n  - formation of l a y e r s  exh ib i t ing  uniform and d i s t i n c t  
phys ica l  o r  o the r  q u a l i t i e s  (e.g. thermal s t r a t i f i c a t i o n  i n  
l a k e s ) .  

s t ra tum - a l a y e r  of any deposi ted substance;  a l s o  a s o r i a l  o r  t roph ic  
level o r  grade. 

stretched-mesh s i z e  - l ength  of t h e  opening i n  a g i l l  n e t .  

subimago - i n  Mayflies a "subadult"  o r  apparent ly mature i n s e c t  but  d u l l  
i n  co lo r  w i th  poor power of f l i g h t .  A second moult occurs  
s h o r t l y  a f t e r  t h e  f i r s t  and t h e  t r u e  a d u l t  emerges. 

s u b s t r a t e  - t h e  ma te r i a l  on o r  i n  which a p l an t  o r  animal l i v e s ;  t h e  
m a t e r i a l  o r  substance ac ted  upon by an enzyme o r  ferment.  
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succession - eco log ica l  succession i s  t h e  o rde r ly  process of community 
change usua l ly  involving a sequence of change i n  a given area .  

sum of c o n s t i t u e n t s  - usua l ly  considered approximately equiva lent  t o  
s a l i n i t y  o r  t o t a l  d isso lved  s o l i d s  (TDS);  c a l cu la t ed  t o t a l  
of q u a n t i t a t i v e  ana lyses  f o r  i nd iv idua l  d isso lved  c o n s t i t u e n t s .  

s u r p l u s  product ion - in  f i s h e r i e s ,  production of new n e t  weight by a 
f i s h a b l e  s tock ,  p lus  r e c r u i t s  t o  t h e  s tock ,  minus losse.5 by 
n a t u r a l  mor t a l i t y ;  a l s o  c a l l e d  s u s t a i n a b l e  y i e l d  (see 
Ricker 1975).  

t a l u s  - usua l ly  considered equiva lent  t o  s c r e e  ( see  s c r e e ) .  

taxon (pl .  t axa)  - a taxonomic d i v i s i o n  such as family,  o rde r ,  c l a s s ,  o r  
spec ie s ;  i n  d i scuss ion ,  u sua l ly  r e f e r s  t o  t h e  lowest level of 
i d e n t i f i c a t i o n  employed i n  t h e  s tudy a t  hand. 

TDS - t o t a l  d isso lved  s o l i d s  ( see  sum of c o n s t i t u e n t s ) .  

t e r t i a r y  product ion - product ion by h igher  carn ivores  and i n s e c t  
hype rpa ras i t e s ;  f o u r t h  t r o p h i c  level .  

thermis tor  - e l e c t r o n i c  device u t i l i z i n g  a thermocouple which measures 
temperature o r  temperature change a s  a r e s u l t  of changes i n  
e l e c t r i c a l  resistance i n  t h e  thermocouple a t  d i f f e r e n t  
temperatures  ; t e c h n i c a l l y  a r e s i s t a n c e  thermometer. 

thermocline - reg ion  of g r e a t e s t  s lope  of t h e  temperature g r a d i e n t s  
i n  a l ake ;  zone i s  c a l l e d  t h e  m e t a l i m i o n .  

Transeau's s o l u t i o n  - f o r  preserv ing  p l a n t s ;  6 p a r t s  water ,  3 p a r t s  
95% e thano l ,  1 p a r t  formalin;  o f t e n  wi th  a s m a l l  amount of 
copper s u l f a t e .  

t ransparency - ( see  Secchi- disc t ransparency) .  

Tr ichoptera  - c a d d i s f l i e s ;  l a r v a l  s t a g e s  of these  i n s e c t s  are common i n  
running and s tanding  waters;  l a r v a e  of many spec ie s  b u i l d  
cases of sand,  d e t r i t u s ,  e t c . ;  some s p i n  webs f o r  t rapping  
t h e i r  food. 

t r o p h i c  l e v e l  - " trophic"  r e f e r s  t o  food o r  nourishment; a l e v e l  at  
which a l l  organisms' food formed wi th  same number of s t e p s  
from p lan t s .  

t u r b i d i t y  - estimate of suspended ma t t e r  dens i ty  i n h i b i t i n g  passage 
of l i g h t .  

tu rbulence  - unorganized movement i n  l i q u i d s  o r  gases.  
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turnover  r a t i o  (P/B) - i n  product ion,  t h e  r e l a t i o n s h i p  between production 
per  t ime u n i t  and mean standing- crop biomass during t h a t  t i m e .  

tychoplankton - ( see  pseudoplankton). 

u l t r a v i o l e t  - region of  short-wave r a d i a t i o n  beyond the  v i s i b l e  v i o l e t  
band of t h e  v i s i b l e  spectrum. 

ve rna l  c i r c u l a t i o n  - spr ing  overturn o r  c i r c u l a t i o n  a t  t i m e  of homothermy; 
may not  occur i f  water  s t r a t i f i e s .  

voltYne - number of genera t ions  i n  a year  ( i . e .  un ivo l t ine ,  b i v o l t i n e ) .  

volume development - r a t i o  of a l a k e ' s  a c t u a l  volume and t h a t  of a cone 
wi th  base  area and height  equal  t o  l a k e  a r e a  and maximum 
depth. 

water renewal r a t e  - (or f l u s h i n g  r a t e )  - t h e o r e t i c a l  time requi red  f o r  
t o t a l  volume of water i n  a l ake  o r  i ts  equiva lent  t o  be  
discharged v i a  o u t l e t  stream o r  river. 

y i e l d  - ( see  su rp lus  product ion) .  

zoobenthos - animal por t ion  of t h e  benth ic  community. 

zooplankton - animal po r t ion  of t h e  plankton (see  plankton).  

> - abbrevia t ion  used t o  express  " grea ter  than" (e.g. 7 2 5 ) .  

4 - abbrevia t ion  used t o  express  " l e s s  than" (e.g. 4 2 5 ) .  
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APPENDIX C 

Taxonomic Refe rences  

I n  t h i s  s e c t i o n ,  no a t t e m p t  i s  made t o  l i s t  a l l  a v a i l n b l ?  
g e n e r a l  r e f e r e n c e s  o r  t o  l i s t  more than a few s p e c i a l  
r e f e r e n c e s  f o r  c e r t a i n  g roups .  A d d i t i o n a l  s p e c i a l  taxonomic 
r e f e r e n c e  p a p e r s  w i l l  be l i s t e d  i n  t h e  a p p r o p r i a t e  s e c t i o n s  
of t h e  r e p o r t .  The r e f e r e n c e s  l i s t e d  here are i n t e n d e d  t o  
p r o v i d e  l e a d s  t o  t h e  taxonomic l i t e r a t u r e  and a i d s  t o  
p r e l i m i n a r y  i d e n t i f i c a t i o n .  Because of  c o n t i n u a l  taxonomic 
r e v i s i o n  and t h e  d e s c r i p t i o n s  o f  new s p e c i e s ,  i t  is  a lmos t  
i m p o s s i b l e  t o  f i n d  thorough  and complete  key% t o  more t h a n  
a few well-known groups .  
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