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A f ive-year eco log ica l  i n v e s t i g a t i o n  i n t o  t h e  l i f e  h i s t o r y  o r  

salvelinus iontinalle ( H i t c h i l l )  was undertaken t o  e v a l u a t e  its 

growth i n  an  ac id ic ,  dys t roph ic ,  headwater h a b i l a t  and t o  determine 

t h e  seasonal aspects of feeding,  reproduction and parasi t ism. 

Young o f  t h e  year f i s h  were found t o  hatch and grow i n  water 

with a stream pH of 4.7 and w e r e  sub jec t  t o  parasi t ism a t  t h e  onset  

of exogenous feeding. The growth of these  f i s h  war rap id  but 

s u b j e c t  t o  a g r e a t  d e a l  o f  v a r i a t i o n  due t o  environmental 

cond i t ions  and i n i t i a l  t imes o f  egg deposit ion.  Condition f a c t o r s  

of t h i s  age group w a n  extremely low. 

Fiah of age g r e a t e r  than zero were found t o  be  robus t ,  having 

very high cond i t ion  f a c t o r s  ( g r e a t e r  than 1 .00) .  The cond i t ion  was 

v a r i a b l e  wi th  season, peaking dur ing  J u l y  of most years but 

d i sp lay ing  two low per iods  a s s w i a t e d  wikh f a l l  and s p r l n g  water 

temperature changee. 

The changes i n  cond i t ion  were a t t r i b u t e d  t o  Ehange i n  food 

supp ly  and physiological  demands. Analysis  of p a r a s i t e s  revealed 

only four e n t e r i c  helminth spea ies  which were c y c l i c a l  in nature, 

responding t o  seasonal changes i n  temperature and in te rmedia te  host  

d e n s i t l e e .  Heteshinorhvnchus Wge&s, an acanthocephalan,  was 

t h e  only p a r a s i t e  maintained a t  h igh  numbers throughout t h e  year. 

This p a r a s i t e  was a l s o  the only one  which showed inc rpases  i n  

prevalence with inc rease  in f i s h  age.  Routes o f  in fec t ion  f o r  I. 

l a t e r a l i s  ware es tab l i shed .  P a r a s i t e  burden was not found t o  be 

assoc ia ted  with cond i t ion  fac to r .  
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Growth older r i sh  was comparable t o  t h a t  of f i e h  downstream 

in  t h e  watershed and other habi ta ts  whish have higher pH values. 

Tho d i e t s  of y o u q  of the  year f i s h  and tha t  of  older f i s h  

vere s i n i l a r v i t h  ths  sxseption of f i sh  sggs which were found only 

i n  t h e  stomachs of older f i sh .  These f i s h  u t i l ized  a l l  available 

aquatic insse ts ,  molluscs, and crustsoeans a= well as, any available 

t e r r e s t r i a l  food Bourses. There vere no came= of empty stbnachs 

in older fish. Exogenous feeding uauaLly began in nay f o r  young 

of t h e  year f i sh .  They shared a preference f a r  chironomids, 

coleopterans, trichopterans and ceratopogonids whereas t h e  older 

f i s h  showed t h e  highest preference f o r  the  Odonata, prey s i z e  

o o r r ~ s p ~ n d i n g  with an increase i n  fieh age (thus s i z e ) .  Feeding 

M s  affected by seqlon and prevalence for  some food items and 

modified by prey avai labi l i ty .  The abundance of some food items 

was ~ o r r e l a t s a  with inoreases in parasitism. 

L Sontlnalia was the sole user of the only f luvia l  habi ta t  

available for spawning but was a l s o  seen u t i l iz ing  redda in t h e  

pond environment. The in i t ia t ion  of spawning was e a r l i e r  in t h e  

f luvia l  environment. 
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Introduction 

The Topsail-Manuel* watershed has  had a v a r i e t y  of ex te rna l  

f o r c e s  e x e r t e d  upon it. As e a r l y  as 1890, exo t i c  f i s h  

in t roduc t ions  were made. Rainbow t r o u t  (W g = k b x i l  were 

released i n  Adams Pond and brown t r o u t  (Sa lno  t r u t t a L  i n t o  t h e  

Topsail  Road Ponds (believed t o  be Octagon Pond and Ne i l s  Pond) 

and i n  1892 i n  Topsa i l  Pond (Anonymaus, 1892).  Gasterosteus 

aculeatuq was introduced t o  t h e  upper e e c t i o n s  of Paddys Pond and 

momas pond i n  t h e  1970'8 (Wiseman. 1971. 1972) as a p o t e n t i a l  

forage f i s h  and have silbsaquently spread over most of t h e  

watershed (Big Northern Pond excepted).  

The physical  c h a r a c t e r i s t i c s  o f  the  watershed have been 

a l t e r e d  t o  provide wa te r  t o  t h e  Topsa i l  genera t ing  a ta t ion .  The 

r i v e r s  running from t h e  va r ious  ponds on t h e  Topsa i l  port ion were 

dammed dur ing  the  1930's t o  provide water on e continuous b a s i s  

t o  t h e  Topsa i l  powerhouse and t h e  impoundments and resulting 

water of Cochrane Pond and Paddys Pond were d ive r t ed  t o  the 

Topsail  system. The l a s t  major e f f o r t  by  United Towns and 

E l a o t r i c  (now Newfaundland Light and Power Co. Ltd.)  t o  d i v e r t  

watel. took p lace  i n  1953 when t h e  Grassy G u l l i e s  were f looded t o  

c r e a t e  Thomas Pond. This pond t akes  a l l  t h e  water from t h e  upper 

Manuels system and d i v e r t s  it t o  t h e  Topsa i l  system. It was t h e  

l ink ing  o f  t h e  Topsail-Manuels watershed which allowed range 

expansion by S .  t r u t t a  i n t o  t h e  Manuels por t ion  o f  t h e  watershed 

and t h i s  e x o t i c  has now spread throughout t h e  system. 
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The 1960's gave r i s e  t o  fu r the r  development on the upper 

watershed o f  t h e  Manuels system when t h e  most southwest por t ion  

of t h e  system became t h e  c e n t r a l  area o f  a co-operative community 

c a t t l e  pasture.  This involved t h e  c l e a r - c u t t i n g  and liming of s 

l a rge  area t o  provide summer forage f o r  o a t t l a .  Sinoe t h a t  t ime,  

the  only development on t h e  system h a s  been of a rec rea t iona l  

form with t h e  add i t ion  of Boy Scout Camps and a "Diabetic Camp". 

summer camping occurs on t h e  watershed, t h e  main areas of 

ooncentrat icn being Thomas Pond and Northern Pond. The lower 

areas of t h e  system r e ~ e i v e  consi.derable f i s h i n g  pressure and 

have been termed t h e  most heavily f i shed  wa te r s  i n  i n s u l a r  

Newfoundland (Wireman, 1972). 

Big Northern Pond, a headwater pond on t h e  Manuel. s i d e  o f  

the  l inked Topsail-Manuals watershed became t h e  focus of an 

ecological  s tudy  i n  1981. The pond was chosen because of its low 

pH, r e l a t i v e  i s o l a t i o n ,  the fa& t h a t  no development had acaurred 

an t h e  land d ra in ing  i n t o  t h e  pond, t h e  absence of e x o t i c  s p e c i e s  

and t h e  presence o f  apparently robus t  populations of t h e  

landlocked salmon, Salmo s a l a r  (ouananiche) and brook t r o u t  

sa lve l inue  f o n t i n a l k  (brook char r ) .  This pond, the re fo re ,  was 

considered t o  be v i r g i n  wi th  respec t  t o  t h e  o t h e r  areas i n  t h e  

system and was thus  an i d e a l  loca t ion  f o r  a long-tern study o f  

w v e l i n u s  font-. 

A review of the  l i t e r a t u r e  revea l s  t h a t  mast  s t u d i e s  of t h e  

biology of S, f o n t i n a l i p  i n  Newfoundland and Labrador have 

neglected seasonal  v a r i a t i o n  and have no t  t aken  long-term growth 
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o r  developnental aspec t s  i n t o  consideration.  

wisemon (1969) s tud ied  various aspec t s  of t h e  l i f e  h i s to ry  of 

t h i s  spec ies  i n  several  loc?a l i t i ea  on the Avalan Peninsula and has 

documented sex r a t i o s ,  maximum s i z e  ranger,  growth r a t e r  and other 

l i f e  h i s to ry  charac te r i s t i cs .  Salns aspects of feeding and 

energe t ics  have been addressed (Cunjak, 1982) and esological  

in te rac t ions  between L fantinalis and S, - have been noted 

(Nyloan, 1970). This spec ies  has  been examined within the  Topsail- 

nanuels drainage system (wiseman, 1971, 1972) i n  re la t ion  t o  

f i sh ing  pressure and s t o c k  assessments, and a subsequent review of 

t h e  s tocks  was undertaken i n  Paddys Pond during the  mid 1980's 

(data unavailable) by Federal  Fisheries Department of Canada. 

I t  has been documented t h a t  low pH i n h i b i t s  t h e  growth of 

f i s h  and inver tebra tes  i n  aqua t ic  eooaystems (Beamieh, 1974; 

Howella e t  a l . ,  1983). The e f f e c t s  of ac id  p rec ip i ta t ion  on L 

f o n t i n a l i s  have heen s t u d i e d  (Nenendez, 1976; Beamish, 1976; 

Schofield,  1976) and the e f f e c t s  of decreased pH leve l s  on 

reproduction and subsequent surv iva l  of eggs and a l e v i n s  have been 

evaluated i n  t h e  laboratory (Trojnar, 1977; Kwain, 1985; Pedder 

and Maley, 1986). The growth and reproduotion o f  t h i r  species i n  

a na tura l ly  a c i d i c  environment is l e e s  well  k n m  and its 

documentation was an ob jec t ive  of the  cur ran t  study. 

There are o ther  f a c t o r s  t h a t  influence the  genera l  well-being 

of a speoies such as parasit ism, spec ies  in te rac t ions ,  nursery 

areas and food supplies.  
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P a r a s i t i s m ,  i n  many c i rcumstances ,  is of paramount 

importance t o  f i she ry  b i o l o g i s t s  due t o  its e f f e c t  on growth, 

reproductive a b i l i t y  and  mortal i ty.  The p a r a s i t e s  o f  L 

p o n t i n a l i s  have been recorded tor d i i i e r e n t  geographical  ereas 

and t h e  pa ras i t e s  found i n  o r  on t h e  f i s h  va ry  w i t h  t h e  d ive r s i ty  

o f  i n t e m e d i a t e  and d e f i n i t i v e  hopts ( I a g l e r ,  1956).  One'of t h e  

problema with e r o t i c  in t roduc t ions  and/or t h e i r  subsequent 

invasion o f  o the r  a q u a t i c  h a b i t a t s  is t h a t  new p a r a s i t e s  may be 

introduced i n t o  these  new areas with adverse consequences (L i  and 

Moyle, 1981; Noble and Noble, 1976). A study o f  pa ras i t i sm i n  

Big Northern Pond wi l l  e s t a b l i s h  t h e  l e v e l s  of some p a r a s i t e s  of 

t h e  brook t r o u t  before f u r t h e r  range expansion of e r o t i c  f i s h  

spec ies  t akes  places.  

Theee is some knowledge of t h e  f i s h  p a r a s i t e s  i n  

Newfoundland and Labrador due t o  inves t iga t ions  i n t o  t h e  fauna of 

severa l  se lec ted  h a b i t a t s .  Surveys have covered some of t h e  

f i s h  spec ies  of Labrador (Chinniah and T h r e l f a l l ,  1977; Hicks and 

T h r a l f a l l ,  1973) and i n s u l a r  Newfoundland (Sandeman and Pippy, 

1976: T h r e l f a l l  and Hanek, 1970). Population s i z e  o f  metazoan 

p a r a s i t e s  has been examined f o r  S, f o n t i n a l i s  and  oalmo n: i n  

a headwater pond (Cone and Ryan, 1984) and a p o s s i b l e  f i s h  k i l l  

by acanthocephalnna have been reported (Pippy and sandeman, 

1967).  Although t h e  p a r a s i t e  fauna o f  solne of  the  f i s h  

Populations of t h e  Avalon Peninsula of Newfoundland have been 

inves t iga ted  (Thre l fa l l  and Hanek. 1970), t h e r e  have been no 

long-term s tud ies  t o  charac te r i ze  t h e  changes i n  p a r a s i t e  
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incidence and burden throughout the f i s h e s  l i f e  cyc le .  This 

study examines, overtime, the  changes of four enter ic  helninth 

paras i te  populations. 

mis study a l s o  examines t h e  s e l e c t i o n  of pray i t e n s  over 

t ime i n  regards t o  season and the  age of f i s h  and re la tes  food 

s e l e c t i o n  t o  parasitism. 
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S i t s  Description 

Big Northern Pond (F ig .  1 )  is the  headwater pond of the  

sou theas t  am of t h e  Topsail-Nanuels watershed of the Avalon 

Peninsula.  Newfoundland (47024'30"~. 52°53'20"~). I t  is s 

shallow dystrophic lake w i t h  a surface area of 19.11 ha. and a 

pe r imete r  of 2.47 km. Major sources of water for t h e  system are 

bog d r a i n s  located 0 . 7  km from t h e  outflow. The pH of t h e  water 

from t h e  surrounding f o r e s t  and fens has been recorded as low as 

pH 3.44. Studies of t h e  pond a c i d i t y  have r h m  pH l e v e l s  t o  

f l u c t u a t e  seasonally from a low of 4.13 t o  a maximum of 5.12 

(Cowan, Baggs and Hollohan, in p ress ) .  

S i tua ted  a t  an e leva t ion  of 116 m, t h e  pond is exposed t o  

t h e  p reva i l ing  southwest winds. The surrounding land lnass 

reacher  a maximum e leva t ion  of 210 m. Sparse so ruh  grovth of 

spruce Ek?a h, f i r  && and l a r c h  W 

La&inia, located on t h e  north and south ends o f  t h e  pond, for. 

what l l t t l e  f o r e s t  the re  is adjacent t o  t h e  pond. To t h e  south 

and e a s t  l i e s  a huge Len c a l l e d  the Thousand Acre Marsh and t o  

t h e  west  is a s imi la r  b u t  smaller  area o f  fen. The p l a n t  l i f e  

h e r e  is typ ica l  of eas te rn  Avalon Peninsula fens.  The water and 

n u t r i e n t s  Berived by t h e  pond come from thesa  areas. Water 

con ten t  of t h e  area is maintained due t o  t h e  deep organic 

a c c u n u l a t i o n ~  (peat)  and gradual  slopes towards t h e  pond. 

Big Northern Pond is an i r r egu la r ,  shallow depress ion  with a 

nsxilum depth of 2 . 0  a and sediment depth,  where encountered, of 

0.3 m. (Pig. 2) .  



Pisure 1: A e r i a l  photograph of Big Northern Pond and 
surrounding watershed. Scale is 
1:25,000 





Figure 2: Bathmetrio map of B i g  Northeen Pond 



ffi NORTHERN POND 
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This shallow brown water pond responds rap id ly  t o  a i r  

temperature changes. 

Approximately 50 pement of t h e  pond bottom oonsiets  o f  l a rge  

rocks v i t h  areas of sand and g r a v e l  i n t e r s p r s e d .  The per imete r  

is mado up of rook 0.3 n and g r e a t e r  i n  s i z e .  There are two shoal  

areas of l a r g e  rock,  t h e  major one being located i n  t h e  c e n t r e  of 

t h e  sou theas t  por t ion  of t h e  pond (Pig. 2 ) .  

The ou t f low i s  located a t  t h e  m r t h e a s t  end of t h e  pond and 

d ra ins  through a shoal  of l a r g e  rocks i n t o  a small  s tream 

approximately 1 m vide v i t h  a maximum depth o f  0.3 m. The f i r s t  

50 meters o f  stream bed i s  mixed g r a v e l  and rook. 

  he pond suppor t s  a spa r se  assemblage of aqua t i c  nacrophytes 

i n  d i s t i n c t  zones. This assemblage inoludes m t g n  

ren tanmlare ,  k&.Lh &&nmni, sp . ,  

potamaaeton sp . ,  -, and l av  numbers of - sp. 

populations of un iden t i f i ed  filamentous green a l g a e  and 

freshwater sponges a l s o  occur on t h e  subs t ra te .  

~ n i m a l s  o t h e r  than f i s h  t h a t  a r e  found e i t h e r  on, i n  o r  around 

t h e  pond inc lude  t h e  common l o o n  (Gavia hms&I, Canada goose 

(Branta -1, t h e  be l t ed  k i n g f i s h e r  (MeaacerVle dsyml., 

various ducks (Am@ sp . ) .  g u l l s  flazus sp . ) ,  as well  as hawks, 

I eagles,  ru f fed  grouse,  ptarmigan, and assor ted  passerine spec ies .  

" a m a l s  a s soc ia ted  v i t h  t h e  system include t h e  noose L&&s 

-1, o t t e r  (&!&a ~ a n a d e n s i a l  , mink (kUeW4U W, weasel  IL 

w, shrew (m cdmrs&Q, v o l e s  (E~LQLw ~ l v a n i c u s )  , 
hare (LeDUS am- and beaver (Castor Fonadenritil . 
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(LL e K n h l ,  shrew (- -, v o l e s  (n icrotua  

-), hare (m ,merlcanus) and beaver (- 

canadensis). 

Fish spec ies  of the  pond are t h e  ouananiche (Salme salw 

L . ) ,  e e l s  llrnavilla zw&&aJ, and t h e  subject of th i s  study, the 

brook charr (EaL~Urns fontinalia M i t o h i l l ) .  
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Mate r i a l s  and Methods 

Bathvmetnr 

A map of  Big Northern Pond was overlayed wi th  scaled g r i d s  

and drawn o u t  i n t o  50-m quadrants us ing  e a s i l y  d i sce rnab le  

landmarks f o r  reference po in t s .  Depths were reoorded iron a boa t  

using a l e a d  l i n e  marked i n  0.1 m i n t e r v a l s  a t  t h e  po in t s  where 

the  g r i d  l i n e r  crossed.  Further v i s u a l  inspec t ions  were made t o  

lo cat^ and r e c o r d  any deep ho les  which may have been niessd uaing 

the  g r i d .  A map was then constructed us ing  0 . 5  m contours.  

Phvsical .  C W  and Microbioloqical  Parameters 

Physical  Data 

The wa te r  temperature of Big Nor the rn  Pond was taken dur ing  

times of sample co l l ec t ion= ,  and was recorded f o r  both the  s t r eam 

sample s t a t i o n  and  the  pond s t a t i o n s .  Water l e v e l s  were measured 

using a mete r  s t i c k .  

The f l o w  r a t e  (0.5 t o  1 .0  m/sec) of  the small  s tream was 

ca lcu la ted  u s i n g  a crumpled p iece  o f  aluminum f o i l  f loa ted  o v e r  a 

d i s t ance  o f  3 m. The depths and widths of t h e  stream were 

measured u s i n g  a meter s t i c k .  

Water Chemistry 

Bimonthly samples were c o l l e c t e d  f o r  chelnicel a n a l y s i s  

during 1982. Co l lec t ion  of water was made a t  t h e  outflow of the  

pond a t  a d e p t h  o f  0.3 m us ing  ee lgene  sample b o t t l e s  previouely 

prepared by t h e  Water Analysis  F a c i l i t y  o f  Memorial Univers i ty .  
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These samples were shipped immediately t o  the Water Analysis 

Fac i l i ty  and deteminstions-of pH, Gran a l k a l i n i t y  and chemical 

parameters for water qual i ty  (A.P.H.A., 1980) were conducted. 

Microbiological Data 

The t o t a l  and feca l  coliform bacter ia l  f lora  of ~ i g  Northern 

Pond was evaluated over t h e  period of one year (19821. These 

samples were Eollected a t  a depth of 0.3. using a s t e r i l e  

evacuated bot t le  and a ~ohnron-zoball  sampler. co l lec t ions  were 

made biweekly on a bimonthly basis.  N l t u r e  and evaluation was 

oarried out using t h e  multiple tube fermentation (MPNI t echniwe 

outlined by t h e  American Public Health Association (A.P.H.A., 

1980). Samples were maintained on ice  during transport and 

c u l t u r e s  were prepared by t h e  author within 4 hours of 

c ~ l l e c t i o n .  

collect- 

Alevin Collection (O+) 

I t  was determined through observation t h a t  a small portion 

of the  o u t l e t  stream imedia te ly  adlacent t o  the  pond contained 

an area su i tab le  f o r  spawning and previously, i n  1981, S, 

font ina l i s  were seen engaged i n  t h i e  a c t i v i t y  a t  t h i s  s i t e .  T h e  

stream spawning population of f i s h  offered a s i t u a t i o n  whereby 

populations of O+ f i s h  could be obtained over e period of t i n e ,  

and observations could he repeated and data collected and 

evaluated over a period of years. The sampling e f f o r t ,  however, 
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was restrained in  th ia  area because it war desirable t o  obtain 

enough individuals over t h e  pericd of the  development of t h e  

young t o  supply meaningful data and t o  allow members of t h e  

population t o  survive and enter the pond environment. 

C011ections of O+ f i s h  were obtained i n  Ule stream for t h e  

years 1983-86 on a monthly basis with the f i r s t  sanples being 

obtained immediately a f t e r  emergence (usually mid May). 

Specimens were obtained using a Smith-Root Type V 

eleotrofishar and a dipnet. 

Collections of Older Fish 

Fish with an age of 1 year or greater were obtained using 

angling techniques, fyke traps, an eleatrofisher and multi- 

panels of g i l l  net with stretched mesh sizes of 18, 25 and 37 mm. 

With the exoeption of the  anniversary samples taken i n  

August oi each year, the use of g i l l  ne ts  was restricted $ 0  1 h r  

soak time t o  avoid unnecessary damage t o  t h e  f i sh  stock. These 

nets  ware always attended by the investigator. Yearly and 

monthly samples were obtained fmm the same sample s ta t ion  

locations. 

Preservation of Samples 

A 1 1  f i sh  were transported on ice and frozen within three t o  

f ive  hours. Alevins were examined and then preserved in buffered 

10% fomalin. Older f i sh  were examined and the  viscera preserved 

i n  buffered 10% formelin f o r  future examination. 
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specimens of food items and parasites obtained from the 

stomachs and in tes t ines  were preserved i n  a solution of 5% 

glycerine i n  95% ethanol. 

Morphological Examinations 

All specimens were measured using a Helios d i a l  ca l iper  t o  the 

nearest 0.01 m. Weights of f i s h  were obtained using a Mettler PL 

1200 self-taring electronic balance t o  the neareat 0.01 g. 

sex determination wan accomplished through gross exanination 

of gonads in older f i s h  and with a d i s r e c t i w  o r  compound 

microscope, when necessary, f o r  alevins (as per Mgler,  1978). 

Maturity 

The maturity of S, B n t i n a l i e  was determined using the 

modified c lass i f ica t ion  of Nikolsky (1963) ( i n  Bagenal, 1978) 

whereby Nikoiaky's s tap  V and V1 are combined t o  form s tep  V so 

tha t  t h i s  level combines both spawning and spent individuals. This 

was done because spawning in Big Northern Pond is protracted and 

individuals of both s t a t e s  were encountered. There are various 

c lass i f ica t ion  schemes for datemining maturity and Nikolsky's 

method i e  auited t o  f i s h  with relatively shor t  spawning periods 

(Lagler, 1978). 

Age Determination 

Scales were removed from the dorsal region of Me body surface 
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below t h e  posterior aspect of t h e  dorsal f in  and above t h e  la tera l  

l i n e  on the l e f t  s ide  of t h e  f i sh .  The scales were then spread and 

ary  mounted between two glass  s l ider .  Aging was accompliahsd using 

a ~ o s c h  h Lomb micro projector (43X) and t h e  annulus c r i t e r i a  of 

cooper (1951). Tracings of scales were made for  back calculations 

i n  a manner prescribed by Bagenal and Tesch (1978). 

Mortality for f i sh  of age 2 l +  

Mortality war determined graphioally iron "catch ouever" 

whereby a Furva resul t s  from plotting the logarithms of numbers of 

f i s h  of a given age against age (Kennedy, 1954). 

condition Factors 

Pulton's Condition Factor (Bagenal and Teech, 1978) for 

f i t n e s s  or well being of f i sh  was calculated using the equation: 

K F  W W  
L" 

where K - coefficient of condition 

W = weight in  grams 

L - forklength i n  centimeters 

b = slope of t h e  weight-length regression. 

  ha value of "hoe war caloulated eor each year for whole and 

gutted weights (Table 5, )  and changes i n  condition factor by month 

f o r  eaoh year were calculated from these values. 
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Food Data 

The stomachs and in tes t ines  of the f i s h  were removed from 

formalin, Separated a t  t h e  pyloric valve and subsegilently opened 

up and the contents flushed out in to  pe t r i  dishes for examination 

of food items. Relative quantittee of food were recorded for eaah 

organ and specimens rare collected and identified t o  order and/or 

Family. Retained specimens were stored in  a solution of 5% 

glycerine i n  958 ethanol. 

Paras i te  Date 

Parasites were collected and recorded from M e  digestive t r a c t  

only. The parasites were collected and counted a t  the  time of food 

analysis and specinens ware retained separately. Preservation was 

i n  5% glyoerine i n  95% ethanol. Identification of  specimens was 

a~oolnplished using the methodology Of Fernando & ill. (1912) and 

t h e  c r i t e r i a  of Pippy (1970). Terminology used is according t o  

rrarg01is & a. (1982). - 
Sta t ie t i~e .1  analysis was oarried out using t h e  SPSSX version 

4 s t a t i s t i s a l  package. Comparisons of lengthweight regressions 

were done using a hierarchial F t e s t  for slopes and intercepts.  

Means were s t a t i d t i c a l l y  evaluated using one way analys is  of 

variance. Parasite data were tes ted  using t h e  Student-Newnan-Keul 

Multiple Means Tests and t h e  term "significant" is used i n  the text  

f o r  Valusa of P 1 .05. 
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Results 

P h v s i c s l . i c a l  and H i q r n b i o l ~ W  

Twnparature 

The temperature regime of the Avalon Peninsula is variable 

depending on wind direation, exposure, elevation, and M e  pmximity 

t o  the coast. Table 1 shows t h e  mean temperature by month for  the  

years 1981 through 1986. The period when t h e  ponds of the upper 

reaohes of t h e  Topsail-Manuels system were most s table  was during 

December through March when t h e  ponds wars ica-covered and not 

subjec t  t o  t h e  water mixing caueed by the high winds which sweep 

t h i s  region. Big Northern Pond i s  not sheltered from wind and the  

water temperature is subject t o  rapid changes. The water, due t o  

i t s  brown color, is also  capable of reaching high temperatures 

(2O1c, maximum recorded) with da i ly  swings of up t o  4% i n  mid 

summer ( ~ u g u s t ) .  The effeot  of water temperature was most 

noticeable in  the o u t l e t  stream of the pond. 

chemical water Quality 

The lowest pH recorded f o r  Big Northern Pond was 4.13 for 

April, 1982 (Table 2) .  The input of soid prec ip i ta t ion  over the 

winter season i s  thought t o  be t h e  muse of t h i s  depression and i s  

due t o  the  magnified ef fec ts  caused by sublimation of snow. The 

more obvious ef feot  01 a c i d  input can be seen in August 1982 where 

t h e  pH was again redused t o  4.68 from a high of 5.10 recorded in  

June of the  year. This followed a ra infa l l  over t h e  previous seven 

days of 60m. 



 able *I ; mean Air ~e-atures (PC) for tho ~opsail-uanuele Watershed 

* Oat= obtai~ed fm the Federal Department of Rgriculture, ~ t .   earl, ~ewfoundland 

Year 

1981 

1982 

1983 

1984 

1985 

1986 

L 

Jan 

-2.2 

-3.9 

-2.5 

-4.5 

-5.0 

-2.3 

Mar 

-0.1 

-3.2 

-0.5 

-1.0 

-4.4 

-3.2 

Peb 

-2.1 

-6.2 

-3.5 

-1.1 

-5.4 

-4.6 

Apr 

3.3 

2.4 

4.7 

0.3 

0.5 

4.6 

May 

9.2 

6.0 

7.7 

8.6 

5.0 

6.5 

June 

11.6 

7.7 

11.9 

10.6 

10.7 

12.1 

July 

14.8 

15.8 

17.0 

18.3 

18.8 

13.6 

Aug 

15.7 

15.4 

14.8 

17.4 

14.4 

15.5 

L I -  

Sept 

12.2 

13.2 

12.3 

12.4 

10.8 

10.1 

Oat 

8.3 

5.8 

8.2 

5.1 

6.0 

5.3 

Nov 

4.4 

4.4 

2.7 

2.6 

0.5 

0.8 

Dac 

0.7 

-1.1 

-1.2 

-1.3 

-2.8 

-2.9 

Yearly 
Mean 

6.30 

4.20 

5.96 

5.60 

4.00 

4.60 



-. 
Table 2: Water chemical parameters for Big m r f h e r n  Pd. on 

a b i  m n t h l y  basis. 

- no sample evaluation made. 
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Examination of the ionic components (Table 2) ehovs the levels 

to be extremely l,ov, this being due to the type of rook which 

consists of well-bedded clastic and locally cherty sedimentary 

rocks (Bruckner, 1979) the pond sits on and the fact that much of 

the water input is filtered through large areas of peat bog. 

Baoteriologi~al Parameters 

Table 3 shows the total and fecal coliforn counts for Big 

Northern Pond for the period of September 1981 through November 

1982. This pond is located between two community cattle pasturea 

and it was decided to deternine whether or not activities in them 

area- were impacting on M e  system. The counts foe total colifarns 

were low. The fecal colifoms, Escherichia d, are enteric; 

bacteria or warm-blooded vertebrates and are indicators of fecal 

pollution. The low numbers seen ware probably due to input of 

fecal material from the various anilnale associated with a natural 

system, 1.e. birds, muskrats, atc., and not due to man. 
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Table 3 .  Physical and b a s l e r i o l o g l s a l  paranrters for B ig  Nor thern  Pd. 

' ~ 0 t ~ 1  r a i n f a l l  for 7 days Freseedlng sample c o l l e c t i o n  

b p ~  determined dvrlng b inonth ly  water chemistry rampies 

Sample Date 

25/09/81 

02/10/81 

11/11/81 

22111181 

27/01/82 

08/02/82 

07/04/82 

14/04/82 

07/06/82 

14106182 

24/08/82 

30108182 

15/11/82 

24/11/82 

U l i f o l .  B e c t e l i a  

Total Fecal 

~ a i n f a l l '  

(m) 

72.0 

17.6 

77.1 

59.0 

53.2 

33.0 

44.9 

49.0 

2.2 

0.0 

30.3 

60.2 

8.2 

16.7 

130 

4 

170 

170 

49 

49 

49 

240 

220 

49 

23 

31 

31 

180 

0 

4 

8 

2 

0 

0 

2 

0 

0 

0 

0 

0 

0 

0 

Temp. 

C 

10 

9 

4 

4 

-1 

0 

1 

1 

14 

15 

15 

16 

5 

3 

p ~ b  

5.06 

4.65 

4.13 

5.10 

4.68 

5.20 
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young of t h e  Year 

mergence 

The t ime  of emergence o f  t h e  free-swimming young o f  t h e  yea r  

1. B n t i n a l i s  i n  t h e  o u t l e t  s t r eam of Big Northern Pond was q u i t e  

va r i ab le  wi th  ind iv idua l s  emerging s t  t h e  beginning of May i n  

some years while i n  o the r  yeara t h e  emergence war delayed u n t i l  

mid-June. This a f f e c t e d  the  sample s i z e  obtained (Table 4 ) .  

The d a t a  (Table 4) show t h e  number of ind iv idua l s  t aken  by 

month f a r  yea r s  1983 through 1986 as wel l  as t h e  mean cond i t ion  

f a c t o r s  for these  specimens. I n  a l l ,  a t o t a l  of 161 f i s h  l a rvae  

were examined. This t a b l e  a l s o  ind ica tes  t h e  months when 

emergent l a r v a e  were a v a i l a b l e  i n  t h e  water column. Samples 

were taken each year within two or t h r e e  days of the middle of 

each month t o  g i v e  comparable growth periods.  During t h e  May 

1985 sampling t r i p s ,  no emergent l a rvae  were ob ta ined  from open 

water.   he water temperatures were high (1 2 0 0 ~ )  dur ing  August 

of 1984 and 1986 and no f i s h  were found i n  t h e  stream. 

Horphometric Charac te r i s t i c s  

Table 5 demonstrates some of t h e  physical  parameters r e l a t e d  

t o  Forklength of young of t h e  yaa r  Fish. The measurements shown 

a l l  have h igh  It2 values.  The most s i g n i f i c a n t  parameters t o  be  

n o t e d  are t h o s e  f o r  t h e  s l o p e s  of t h e  l eng th -weigh t  

r e l a t ionsh ips .  It is genera l ly  accepted t h a t  t h e  e l o p e  



~ ~ b l c  -tip7 f l l ~ ~  r ( ~ .  O* Q. m&kd& in Big NDLtkm R.d 

Year sex WPi) W O  JUlYO A=Wt(N)  -(N) 



Table 5' Stnrist ics  for linsar regression of log depth 
whole w i g h t  and gurred weight versus the log of fork-' 
Lnsfh f o r 0  f i s h  of 01% Northern Pond. 
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for salmnids is egual to a value approximating 3 (Wiseman, 1966) 

and this value is appropriate when the growth is ie.ometric (Bagenal 

and Teach, 1978). It is shown however (Table 5) that the values 

ror 01 fish are not indisative of isometric growth but rather an 

allometris pattern (all values of the mlopo of whole fish being 

greater than 3.3 and those of gutted fish being greater than 3.5 

end with some values greater than 4.0). The elopes for fish older 

than age 0 were found to be similar and not significantly different 

frcm a value of 3 .  

length-Dspth Relationships 

The relationship of body depth on forklength by year for young 

of the year fish is presented in Tabla 5. The slope is 

statistically different for 1981. This can be best explained by 

different times of emergence, the period during which feeding was 

initiated and the rate at which the yolk sack was resorbed. The 

general relationship is illustrated in Pig. 3. The two outliers 

are real end could possibly be due to the later emergence of young 

from a speoific agg batch and/or the late emergence of young due 

to the prolonged period of spawning whereby those spawned early 

would have an advantage over late spawners. This effect is 

exemplified in length-weight data. 

Length-Depth Relationships of fish aqe greater than 0 

The mean values for length and depth characteristias are shown 

by sex and age by year (Table 6a) and are plotted for all 



Tisure 3: raq of acdy aapth lsn x lo") with log of 
forklength (em x 10") for S. m. 
Age 0' 





m b l e  s ~ :  mm values of rn-h draracteristics by age for 
y e a r f o r Q . ~ s i n s i g N w & e m R n d  

Year sex o+(N) l + ( ~ l  z+(N) 3 + ( ~ )  4 + W  ~ + ( N I  

1982 P 5.90(02) 13.87(06) 16.59(27) 17.51(15) 19.97(03) 25.79(W) 
M 7.10(02) l4.08(04) 16.62(21) 17.54(W) 20.00(03) - 



W e  6b: Kern M1- of -E -Mh by ap for 
~ a r  for p. &&idla h Big Nathm md (continued) 
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years (Pig 4 ) .  The pooled sample shows a high correlation (R' - 
.915) for depth on length. Generally speaking t h e  data assume a 

fa ir ly  l inear relationship with equal variances over the  range of 

forklangtha. The increase i n  depth (Table 6a) shows that the 

degree of change i s  variable between sax a s  well as between 

years. being due in part to  sexual maturity. The maximum depth 

recorded was for s 5+ male collected in October 1986. 



Fiqure 4: of depth Is. x 10") with log af 
Z k l a n g t h  (om x 10') foe S, m. 
Age greater than 0'. 



LOG FORKLENGTH 
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Isngth-Weight Relation~hip (Age Bqual to 0) 

Tha langth-weight relationships for 0+ fish were variable 

between years and are presented in (Table 5). The oolnparieon for 

pooled data in Pig. 5 (all years combined) shows the 

relationships of gutted weight to whole weight are different. 

The gvtted weight (broken line and squares) showed more initial 

variability than that of the whole weight (solid line and 

oik-01~s). This variability changed over time and the fish 

approached a relatively EorAnOn point where most: members resembled 

each other in length and weight. A possible explanation of this 

phenomenon would be a higher mortality of smaller individuals. 

However, samples of fish age >I+ shoved the same variability that 

one would expect within any population. Fig. 5 demonstrates that 

there is a change in the physiological state of the larval fish. 

The regression lines for whole and gutted weights crovs at an 

approximate log value for fork length of 2.25. These trends show 

a change in body development whereby the relationship of the 

whole weighte-gutted weights reverse indicating a change where 

there is a relative increase in total body weight while there is 

a lower increase in the sonatis weight. This change in the ratio 

of gutted to whole weights then remains constant in older fish 

(see results later in text). 



Pisure 5: log of haw weight (9) on lot, forklength 
laa r lo-') for whole and gutted weights 
of  L Sontinalis of age 0" Solid l ina 
represents whole weight, broken l ina 
represents gutted weight 



LOG FORKLENGTH 
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The comparison of length-weight relationships by yaar f o r  Ot 

f i sh  (Table 7) shows t h a t  there are  s igni f icant  differences i n  the 

slopes between 1982 and 1986, 1983 and 1986, and 1984 and 1985. 

The slopes, which represent the changes i n  weight with length, are 

variable and demonstrate differences whish may no t  be seen when 

repet i t ive  samples are not available. 

The intercept= f o r  the  years under study are s h m  (Table 8) 

and it was found t h a t  the in tercepts  for  some years were 

significantly d i f ferent  iron each other (Table 7).   his is 

indicative of the  d i f fer ing  emergence times. 

Length-Weight Relationship (Age Greater than 0 )  

The mean values f o r  lengths r.ad weights for  ages and sexes by 

year can be seen i n  Tables f .  and b for  f i s h  of age greater than 

0 .  Regressions f o r  there data ers show i n  Tabla 8 foe each year 

I982 through 1986. Relationships of length with both whole and 

gutted weights had very high R' values(r.97). The slopes 

approximated the  value (3)  reported as normal for aalmonids in  

general (wiseman, 1969) and other salmonids i n  t h i s  system in 

particular (Wiseman, 1971, 1972; Bagga and Cowan, unpublished 

data) .  Similar resul t s  f o r  t h i s  species were found i n  Labrador 

(Wheeler, 1977). It would appear t h a t  t h e  patterns of growth in  

L &nLhlis are similar i n  terms of  the  length-weight 



Table,, Comparison of reqreasion lines of leq whole weight 
with log fork lenqth of Salvellnvs m. 
Age - 0 

Comparison Slapa Intercept 
(years) (Siq) (Siq) 

1. NS - Not Significant 

2. S - Significant PZO.05 



Table 8, lag o f  depth, whole migEt md gutted rriqht with the l o g  
of fork  l e n w  for a l l  fish, aqa equal t o  zero mt included. 

Par-ter s l o p e  rntercept R? N 

1.0066 -1.5633 .869 97 %: Weight 3.0464 -4.4427 .981 97 
Gutted Weight 3.0622 -4.5955 .984 97 

Depth 1.0242 -1.5976 .931 103 
Whole Weight 2.9624 -4.2351 .983 103 
GuttedVeight 2.9835 -4.42_23 .982 102 

- P a  0 .9552  -1.4273 .932 8 6  
Whole Weight 2.9214 -4.1821 ,983 8 6  
Gutted Weight 3.0026 -4.5196 .984 84 

W P t h  1 .0815  -1.6940 ,935 87  
Whol. might 3.0105 -4.4031 .983 87 
Gutted Light 3.0803 -4.7258 ,977 87 

*P- 1.0404 -1.6240 .910 57 
Whol~Liqht 3.05911 -4.5525 .973 57 
Gutted Weight 3.0791 -1.7322 .974 57 
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re la t ionsh ips  i n  d i f f e r e n t  areas of Newfoundland and Labrador. A 

cmpariaon of the length-weight r eg ress ions  was undertaken us ing  

a h i e r a r c h i s l  F t e s t  (Table 9) t o  determine i f  any d i f fe rences  

e x i s t  on a year t o  y e a r  bas i s .  N o  s i g n i f i c a n t  d i f fe rences  were 

detected batwean yea rs .  The evaluation o f  the  i n t e r c e p t s ,  however, 

revealed s i g n i f i c a n t  differences.  S i n c e  t h e  d a t a  were n o t  

s i g n i f i c a n t l y  d i f f ~ ~ e n t  between years,  t h e y  were pooled and p l o t t e d  

(Fig. 6 )  f o r  b o t h  whole and gutted weights.  A Pearson c o r r e l a t i o n  

c o e f f i c i e n t  was determined (r - .998) f o r  gu t t ed  versus whole 

weights. These r e s u l t s  ind ica te  no d i f f e r e n c e s  due t o  sex, age,  

or maturi ty.  I n  t h i s  instance t h e r e  was no change i n  the  p a t t e r n  

oi gro-h as t h e  gu t t ed  or lower weights (broken l i n e )  always 

remain t o  t h e  l e f t .  The I(' values f o r  whole weight (II' - 0.981) and 

gu t t ad  weight (R' - 0.980) are s imi la r .  

Condition Fac to r  

condit ion F a c t o r s  of Age Oc Fish 

The most n o t i c e a b l e  oharac te r i e t i c  o f  the  cond i t ion  f a c t o r  war 

t h a t  t h e  changes i n  whole weights and g u t t e d  weights were n o t  

necessa r i ly  synchronous. The da ta  o f  a l l  yea r s  (Fig.  7)  

exemplif ies t h a t  t h e r e  were considerable d i f f e r e n c e s  i n  t h e  gu t t ed  

condit ion when compared t o  whole weight cond i t ion  fac to r s .  The 

peaks in c o n d i t i o n  (whole weight) va r i ed .  Peaks seen i n  1983 and 

1985 ocoltrred i n  Ju ly  while June appears t o  b e  the  



Table 9: Comparrison of regression l iner  of mrrrphmetric charastees 
by year for  Salvelinus fontinalis i n  Big Northern Pond. 
age > 0 .  

conpaerison mL with LVL' ms with LPL I .LV'~~~~LPL 
(years) slope Intercept Slope Intercept Slope Intercept 

(Sig) (Sig.)  8 S .  (Sig.  (S ig . )  

1. Lcq whole weight 
2 .  Log Forklength 
3 .  Log Gntted Weight 
4 .  Log Liver Weight 

5.  NS - Not Siqnificant 
6.  S - Significant 



Figure 6: Lcq of whole weight (g) and gutted weight 
(9) on log of forklength (cm x 10') for S, 
tontinalis. Age greater than 0'. 

(A) Broken l ine represents whole weight 

(8) so l id  l ine  represents gutted weight 



1.0 4 
16 2.0 24 2.8 3.2 3.6 

LOG FORKLENGTH 



Figure 7: Coefficient of  Condition (X100) by month by 
year of L io for  * ( A )  Young of the 
year f i s h .  *wage 2 1 

Solid line represents whole weight 

Broken l ine  represents gutted weight 

sea (Table I )  for means 
** sea (Table 6a) for means 





month a t  

Tha 
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which peak condit ion was reached i n  1984 and 1986. 

condit ion f a c t o r  f a r  older f i s h  war de tamined  i n  a 

fashion s i m i l a r  t o  t h a t  used f o r  young of t h e  yea r  f i s h .  It was 

found t h a t  t h e  cube law applied.  

The depression of whole weight oondit ian was seen i n  August 

of I983 and 1985 and cornencad e a r l i e r  i n  1986 ( Ju ly ) .  The 

gu t t ed  ~ o n d i t i o n  fac to r  o f  t h e  young or t h e  year f ieir  fo r  t h e  

years under study showed a more var iab le  p a t t e r n  than t h a t  f o r  

t h e  whole weights. There was a dc9rassion i n  gu t t ed  condit ion i n  

June of 1983. 

The f i s h  co l l ec ted  i n  1984 and 1986 Were, i n  t a m s  of the  

gu t t ed  condit ion,  t h e  poores t  of a l l  hpeoinsns co l l ec ted .  The 

whole weight condit ion would suggest  t h a t  these  f i s h  were on a 

p a r  wi th  o the r  years.  However, vhan the  gu t t ed  condit ion was , 

compared t h e r e  was no inc rease  i n  condit ion f o r  t h e r e  two year 

classes during t h e  study period.  
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Condition Pactor of Fish Age Greater than 0 

Seasonal changes in condition f o r  both whole and qutted 

weights ere presented in Fig. 7 ( 8 ) .  The gutted condition fac tor  

closely paralleled t h a t  of M e  whole weight condition factor.  

Generally speaking there w a r  a peak i n  condition during July for 

most years. This was delayed, however, in  1986 to August due most 

probably t o  temperature. The temperature regime for  1986 was lower 

than a l l  other years and may well have slowed emergence of prey 

items allowing for  batter feeding. I t  is a l s o  noted t h a t  the  peak 

condition was higher in 1986 than other years and t h i s  was most 

probably due t o  more s table  water temperatures which cause lowered 

physiological s t ress .  

There were two apparent low periods in  condition. Thesa ware 

seen in  November and April. These lows were noted a l s o  for  Z .  

i n  t h i s  pond (Cowan, unpublished data) .  The low seen i n  

April  is not f e l t  t o  be due t o  food shortages as the  f i s h  were 

ac t ive ly  feeding, but rather t o  changes i n  temperature. S t a b i l i t y  

i n  temperature appears t o  allow for increasing condition factor 

while fluctuating temperatures cause lowered condition fac:ors. 

This e f f e c t  can be exacerbated i n  April by t h e  epiaodic depression 

in  pH neon in  spring NnoFfa. 

Age Composition 

m e  s ize  of S. &&iral& when f i r s t  sca les  appeared was 1 .0  

nn., these sca les  obtainable i n  July samples. Scale  developnent 

followed a eimilar course t o  t h a t  described by Cur t i s  (1988) for  
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5. ZadmUe in the lower part of the Topsail-Manuel. system. 

The regression far 5 years pooled data for S. fpntinalia is 

presented in Figure 8. The R~ value of 0.879 indicates a high 

relationship between forklength and soale length. 

The incremental growth based on bask calculations is 

presented in Table 10. The data ate variable and reflect the 

individuality of a growing population. There does appear to be a 

trend towards a lower growth rate as the fish increase in age. 

Cohort Analvria 

A hierarchial F test to compare the slopes of cohorts was 

applied to the regressions (Tabla 11) and there was no 

significant difference. There was, however, a signifisant 

difference between the intercepts for 1979 and 1982, as wall as 

1980 and 1982. 

The age structure (Pig. 9) oP S. &r&&&k in Big Northern 

Pond falls within the ages reported for insular Newfoundland by 

wiseman (1969). The combined age frequency for all years is 

presented in Big. 10. Fish of age 5+ were consistently 

encountered during the course of the study. 



PIc-.-e 8: Regression plot of log Forklength (om x 
lo) versus log scalelength (m x 10') for 
& fontinalis. 







Table 11: Comparison of regression lines of log of whole 
weight with log of fork length of Salvelinus -. 
Co-hort analysis. 

NS - Not significant. 
S - Significant. 

Comparison 
(years) 

79/80 
79/81 
79/82 
79/83 
ao/sr 
80/82 
80/83 
81/82 
81/83 
82/83 

Slope 
(sig.1 

NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 
NS 

Intercapt 
isig.1 

NS 
NS 
S 
NS 
NS 
S 
NS 
NS 
NS 
NS 



~igura 9:  ~ g e  Frequency of L Sa!&aLk by years. 





Pisure 10: Age frequency of & 
pooled data. 

s: 5 years 



AGE FREQUENCY, S FONTlNALlS 
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The mor ta l i ty  curves from pooled d a t a  f o r  each yea r  p l u s  t h e  

pooled da te  of a l l  yearn are presented (Fig. 1 1 ) .  

The da ta  show t h a t  f o r  1982, 1984 and 1986 t h e  mor ta l i ty  

r a t e s  were r e l a t i v e l y  s i m i l a r  whereas i n  1983 and 1986, whish 

also appear s i m i l a r ,  t h e r e  w a s  an i n t e r r u p t i o n  i n  t h e  dec l ine  i n  

t h e  mor ta l i ty  r a t e s .  Th i s  i s  most l i k e l y  t o  be an e f f e c t  o f  

s t rong  year c l assan  i n  t h e  previous years.  The 2+ yea r  c l a s s  o f  

1982 seems t o  have c a r r i e d  over t o  1983 and t h e  2+ year  c l a s s  o f  

1985 seems t o  t r a n a l s t e  i n t o  a s t rong  3+ year  c l a s s  dur ing  1986. 

The oatch of brook char r  was not  g r e a t l y  d i f f e r e n t  i n  1982 (N=97) 

and 1985 (N=83). The s t a t i o n s  and n e t s  where t h e  f i s h  were 

obtained f o r  a l l  years of t h e  study were e x a c t l y  t h e  same. I f  

one assumes t h a t  t h e  behav io r s  of the  f i s h  were t h e  same from 

year  t o  year,  then  t h e  year c l a s s  da ta  would sugges t  t h a t  some 

environmental o r  phys io log ica l  f ac to r s  l e d  t o  t h e  presence of 

s t rong  year c l a s s e s .  

The mean l eng ths  o f  S, f o n t i n a l i s  by age  f o r  Big Northern 

Pond and o the r  ponds i n  t h e  Topsail-Manuels watershed a re  shown 

i n  Table 12. The va lues  f o r  length f o r  a l l  areas were s i m i l a r  

even though t h e r e  was a d i f fe rence  i n  eco typss  and it would 

appear t h a t  pH does  no t  l i m i t  t h e  growth of Q, fonfinalir i n  Big 

Northern Pond (mean pH~4.7) when compared t o  t h e  mean pH of  Thraa 

A m  Pond (which has a va lue  of 5.6).  The d a t a  f o r  Big Northern 

Pond were remarkably s i m i l a r  f o r  each year with very l i t t l e  



~ l g v r e  11: Catch curvea for 5. eoncinalis 





61 

Table 12:Nern lenqths ( c m )  lor aqes oi Salve l inus  Conti i iJi i  dsr inq  ~lirrerrnt yoarn nt  
11ilr.-rent. s i t e s  i n  the Topsail-Manuels waterslled. 

~ - ~- 

ye.,r/site 

1965 ThOmas Pond 

1982 Paady's Pond 
(nanual's niver) 

1981 Three A m  Pond 

1982 Big Northern 
Pond 

1981 " 
1984 " 

1985 " 

1986 " 

AGE 
0' I+ 2+ 1 ' .1+ 5' 

- 

6.5(4) 

4.74(57) 

1.78(16) 

4.08142) 

4.13(34) 

- 

- 

19.88(6) 

23.65149) 

24.32(6) 

22.20(14) 

24.75(6) 

14.20(2) 

11.62(37) 

1 4 . 5 7 6  

13.95(10) 

12.17(12) 

11.57(27) 

12.32(261 

14.29(131 

25.79(9) 

23.79(2) 

26.99(2) 

24.92(7) 

29.20(1) 

19.47147) 

- 
18.9(1) 

16.60(48) 

16.20(32) 

16.10(41) 

16.40(32) 

17.64(13) 

22.07(56) 

20.750) 

17.52(24) 

20.42(49) 

18.64(10) 

1972(8) 

21.04(24) 
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variation i n  lneitn lengths. mere tends t o  be a s l i g h t  increase 

i n  the  mean sizes by age in 1986 which m y  be due t o  larer  sample 

numbers taken that year. 

The length and weight frequencies f o r  each year are 

presented in  Tables 1 t o  10 i n  the appendix. 
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Sex Ratio - Young of the Year 

The sex ratio of young of the year fish was approximately 

1:l. (Table 13). The sax ratios of 6. fontinalis in other 

localities in Newfoundland are in agreement with this value 

(wiseman, 1969). 

sex Ratio - older than 0 
The sex ratio by age for fish older than age 0 is presented 

in Table 14. The data show that over the 5-year lifespan of S. 

fontinalie there were approximately equal numbbsrs of males and 

females. This is similar to the data for age 0 S- fparjnalis 

(Table If). There was, however, a difference in the sex ratios 

over the lifespan of the fish. The most rapid decline in numbers 

was for males beginning at age 2+, whereas the decline was more 

apparent after aga 3+ for the females. This effect was noted 

during most years of the study. Table 14 also demonstrates that 

both sexes were capable of reaching the maximum age of 5+ in this 

habitat. 
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Tabla 11: Sax ratios 05 young of the Year ionrinallr 
by month for year in  tho out le t  stream of 819 Northern Pond. 



Table 14: Sex ratio by year for age of salvelinus eontinalis 
from Big Northern Pond. 

AGE 

YEAR Sex 1 2 3 4 5 TotalIN) 

1986 F 4 4 1 6 0  27 
M 9 9 8 3  1 30 

Totals F 31 67 77 17 15 207 
W 45 92 37 21 6 201 
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w&KLtx 
Maturation of charr s ta r ted  i n  the second year of l i f e  f o r  

both sexes (Table 15) and no precocity of males was seen during 

the study period. The r a t i o  of reproductive males t o  females was 

app~oxiimatley 2:l. The rate of qoned development we,. r e l a t i v e l y  

slow i n  e a r l y  bummer and increased a f t e r  August. The cam~osi t ion  

of the population i n  terms of maturity during l a t e  October and 

ear ly  November was 6% for  stage 4 and 94% for  stage 5 which 

indicates tha t  most of the population was i n  f u l l  reproductive 

condition a t  the sane time. Spawning a c t i v i t y  i n  the pond tended 

t o  be about 2 weeks l a t e r  than i n  the stream (Cowan and Baggs, 

1988). The data for reproductively ac t ive  (maturity >3) and non- 

ac t ive  char r  is show, i n  Table 16. 

Paod An&Lxs& 

Young of t h e  Year 

Feeding by young of the  year f i sh  in the  stream o u t l e t  of 

Big Northern Pond was res t r ic ted  t o  t h e  stream fauna and any 

invertebrate d r i f t  carried downstream through the slow moving 

water. The da te  of conmencement 0s feeding i n  these f i s h e s  was 

variable,  due t o  times of emergence, and took place before yolk 

sac resorbtion i s  complete. The data  (Table 17 s . b )  show 

c~mmen~ement of feeding i n  May o f  1983, 1984 and 1986. These 

f i s h  had la rga  yolk sacs and very few food items in the d iges t ive  

t r a c t .  The sample taken i n  May 1984 denonstratea t h e  r a t h e r  

limited var ie ty  of t h e  food u t i l i z e d  as t h e  f i s h  began exogenous 



Table 15: man nmbers of active 
fnm Big Northam .w for all years. 



Table 16: Yearly -ison of m p d u c t i v e l y  active vs "on a&ve 
salvelinue fontinalie in B i g  Northern Pond by length (a) 
for age 

. 
A C ~ ~ V B  NO"-~ctive 

Year 

1983 

1984 

1985 

1986 

Age 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 

2 
3 
4 
5 

Length(cm) 
Females 

21.23(6) 
24.82(3) 

17.81(1) 
18.46(1) 

17.42(2) 
20.07(2) 
21.77(3) 
25.00(1) 

23.65(1) 
30.45(1) 

Length(cm) 
Males 

16.94(3) 
20.00(1) 
23.20(1) 

17.38 (2) 
19.12(2) 

16.25(16) 
20.08(1) 
21.94(6) 
24.40(5) 

19.71(5) 
23.66(4) 

Length(cm1 
Pmales 

17.65(12) 
20.38(28) 
23.38(2) 
23.79(2) 

16.05(20) 
18.29(6) 
22.82(2) 
26.99(2) 

18.69(1) 
19.69(3) 
22.08(1) 
27.42(1) 

16.37(4) 
20.20(15) 
21.94(2) 

length(om) 
Hales 

14.80(14) 
20.17(12) 
22.40(2) 

16.06(15) 
20.00(1) 
25.08(4) 

16.23(12) 
19.25(2) 
23.04(2) 

16.33(4) 
20.97(4) 
24.72(3) 
29.20(1) 
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feeding. Fish which had j u s t  emerged i n  l a t e  May-early June of 

1985 had pmnounced yolk sacs and feu rood items i n  the d iges t ive  

system. 

The data show t h e  d i e t  t o  be  re la t iva ly  s imi la r  t o  tha t  of 

t h e  adu l t s  (Tables 18  a,bJ, the  exception heing f i s h  eggs which 

are too big for consumption by these fish and t h e  gastropods 

whish are pond inhabitants and not l i k e l y  t o  d r i f t  in to  t h e  

stream environment. 

The only t e r r e s t r i a l  food type not encountered were t h e  

mill ipedes which are suspected of being too large t o  be eas i ly  

swallowed. 
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The most important foods consumed by young f i s h  were 

c h i r o c ~ m i d s ,  which were u t i l i z e d  t o  a r e l a t i v e l y  cons tan t  degree, 

followed by d i p t e r a n s  (most probably l a rvae  of sirnulids and 

t i p u l i d r ) ,  and members of t h e  Coleoptera and Odonata. 

o the r  i tems occurred l e s s  often.  The da ta  are, however, 

comparable as sampler were taken a t  approximately t h e  same t ime 

for each yea r  and t h e  handling was s i m i l a r  i n  a l l  carae. 

Fish  of age  g rea te r  than  0 

The food i n  the d i e t  tended t o  be l a r g e r  as t h e  b igger  f i s h  

tended t o  e a t  l a r g e r  prey iteme, notably Odonata. However, t h e  

o p p o r t ~ n i s t i ~  nature of t h e  brook c h a r r  allowed f o r  u t i l i z a t i o n  

of smal le r  prey i tems,  i e  Copepoda, Chironomidae and t h e  

Gestropoda. The d i f f e r e n c e s  i n  food i t ems  (occurrences) seen i n  

monthly d a t a  r e f l a c t  t h e  seasona l  changes i n  number and s i z e  o f  

emergent pray spec ies .  There is, however, a n  apparent  r e l i a n c e  

i n  terns of  frequency of occurrence on  the Odonate, members o f  

t h e  Diptera,  Coleoptera and Amphipod.. r e spec t ive ly  (Table 19) . 
Thera doas no t  appear t o  b e  any d i f fe rence  i n  t h e  occurrence of  

food i tems by year and no  empty stomachs were encountered f o r  

f i s h  during t h e  peric.3 studied.  

one food item seen i n  t h e  d iges t ive  t r a c t s  of o l d e r  S, 

g o n t i n a l i s  i s  f i s h  eggs. It showed u p  i n  May and/or October- 

November sampler i n  most yea r s .  The eggs seen  i n  t h e  August 1983 

sample showed t h e  t y p e  of r e s i s t a n c e  t o  breakdown t h a t  f i s h  eggs 

d i sp lay .  The eggs were n o t  i d e n t i f i e d  as t o  s p e c i e s  but it i s  



 able 19: OEcurrenOe (k)  o f  food items i n  t h e  d iges t ive  t r a c t  

of Sa lve l inus  f o n t i n a l i s  from pooled data.  

Odonata 
Diptera Sp. 
Chironomidaa 
Trichoptera 
C l a d ~ o e r a  
Amphipoda 
co leop te ra  
Fish Eggs 
Hynenoptera 
Pelecypoda 
ce ra to~agon idoe  
Oaetrapoda 
Ephemeroptera 
Hydracarina 
Plecoptera 
Hemiptera 
Arachnida 
Isopoda 
Diplopoda 
Cooeooda 

Diptera Sp. 
Odcnata 
Chiranamidae 
Cladocera 
Trichontera 
~ e l e c y b o d a  
Cecetopogonidae 
co leop te ra  
mphipoda 
Hymenoptera 
Gastmpoda 
Ephemeroptera 
F i sh  Eggs 
Plecootera 
~ e m i & e r a  
Copepoda 
Hydracarina 
Diplopoda 
Aeachnida 
Isopoda 
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suepec ted  t h a t  eggs from 5 Z o n t i n a l i s  and S, - are equa l ly  

s u s c e p t i b l e  t o  p reda t ion  because they are of s i m i l a r  s i z e  and co- 

DECUT. 

one aspec t  l o a t  when poo l ing  da ta  is t h a t  o f  i n d i v i d u a l i t y  

wi th in  the population i n  r e s p e c t  t o  feeding.  There were numerous 

examples of what can be  r e f e r r e d  t o  as "binge feeding" whereby an 

i n d i v i d u a l  f i s h  w i l l  feed on one focd i tem t o  t h e  exc lus ion  of  a11  

o the r s .  This behaviour has i n p l i c a t i o n r  i n  t e rms  of p a r a s i t e  

t r ansmiss ion  and is discussed elsewhere i n  t h e  t h e s i s .  

Pa ras i t i sm (Onset) 

The r e s u l t s  of f i v e  consecu t ive  yea r s  of instream eva lua t ion  

o f  l a r v a l  development showing the  onse t  and incidence of p a r a s i t i s m  

are presented (Tabla 2 0 ) .  

These observations ind ica te  t h a t  for t h e  pe r iods  s tud ied  on ly  

two helminth p a r a s i t e s  of t h e  d i g e s t i v e  t r a c t  were es tab l i ehed  i n  

t h e  young-of-the-year h o s t  during t h e  f i r s t  f o u r  months of 

postemergent l i f e .  These p a r a s i t e s  are Hetechinorhvnchus l a t e r a l i s  

and Metabronema s a l v e l i n i .  The e a r l i e s t  presence of p a r a s i t i s m  

Seen occurred i n  May 1983 when a 13% incidence was recorded for PI. 

lateralis i n  female S. fontinalip. This  p a r a s i t e  ossur red  i n  t h e  

atomacnn and i n t e s t i n e s  o f  t h e  young-of-the-year f i s h  whereas g. 

salvelini. which was observed one month l a t e r ,  was found only i n  

t h e  stomach. g. l e t e r a l i e  was encountered on twice  as many 

sampling d a t e s  as L s a l v s l i n i .  Theea was a t r end  i n  t h e  d a t a  such 

t h a t  most cases of pa ras i t i sm were represen ted  by a s i n g l e  

p a r a s i t e .  S t a t i s t i c a l  ana lys i s  o f  prevalence d a t a  for 
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year, month and sex revealed no significant differences (P2 . 0 5 ) .  

Differences could, however, be masked by the smell sample sizes. 

Pooling of the data also failed to demonstrate any significant 

trends. 

Examination of the P o d  for. young-of-the-year 5, 

revealed that ephemeropterans were encountered with Lli nalvelini 

in the samples of August 1983 and July 1984. The parasite war seen 

without the presence of the ephemeropterans and vise versa. The 

limits plaoed on the study by sample size and frequency, the amount 

of food eaten, and the intensity of infection within the 

intermediate hosts all would have an effest on the onsat of plr 

sslvelini in the brook charr. 

Prevalence and seasonality of the parasites of the intestinal trast 
of Si Pontinall., age greater than 0' .  

Samples of the enteric parasites which may, physically or 

nutritionally, cause physiologic stress to the fish was studied. 

The samples of fish obtained from Big Northern Pond showed the 

presence of only four species of parasite in the digestive trast; 

a diganean, Cee~idoatomurn farionis, a oestode, Eubothrium 

salvelini, a nematode, vetabronema ralvalini, and an 

acanthocephalan Metechinortivnchus lateralis. The data for 

prevalence, intensity and abundanae are seen in Tables 12 a and b 

of the appendix. 

The comparison of five years of data for the prevalence of 

parasites in L htinaliq is shown in Figs. 12 (a-f). 



Figure 12a: Prevalense of & in the 
intestines of & i a n t l n a l l q  (1982- 
61. 





Figure 12b: Prevalence of L s a l v e l i d  in t h e  
i n t e s t i n e  o f  S, f o n t i n a l i s  i n  
(1982-6) 





Figure 120: Prevalence of ?I, i n  the  
stomachs of Q, fonfinalis (1982-6) 





Figure 126: Prevalence of L lat.ralis in the 
intestine of & fm (1982- 
6 )  





Figure l2e: Prevalence of PI, ealveli ' in the 
stomach of fontinalin E g w - 6 )  





Figure 121: P-slem- of Plr a ve in the  
intestines oi M (1982- 
61 
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r, -, a small enteric trematode, occurred in the 

intestines of the fish during late fall through late spring. The 

nuaber of fish carrying this parasite war; lawart during August of 

all years under investigation. Ilrw numbars were recorded for 

June through October for years other than 1982. However, the 

samples of February through April and November and December 1986 

showed marked increases in parasite incidence (2 40%). Samples 

examined far May showed elevated levels, the exception being 

1986. which shoved a decrease. 

E. salvelini. except for August 1982. showed for the years 

1983 through 1986 a relatively low prevalence during most of the 

year. The highest level of parasitism was noted in the spring. 

Based on May-June samples, which would indicate the normal 

periods of high incidence, it can be seen that in 1983 the rate 

was approximately 501, dropping to 15% in 1984 with a rise to 75% 

and 501 for 1985 and 1986, respectively. The period of 

maturation of these wome has been demonstrated to be ~ a y  - June 
as this investigator observed tha release of eggs from the 

parasite whan handling them for preservation. This release 

ooincided with the blooms of cyclopid copepods in the system. 

Sandeman and Pippy (1967) report mature and gravid worms for both 

spriny and summer in Newfoundland. The high number of 

infections noted for E.. during 1982 in the present 

study is the exception rather than the rule. The minor peaks 

Been in figure 12b for 1985 and 1986 were not found to be 

significant statistically. 
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The August 1982 fiah sample showed a 100% prevalence of K, 

salvelini. There were no nematodes seen in the intestines at 

that time. A similar prevalence was noted in 1984. However. in 

this instanca a 70% prevalence was also noted in the stomachs. 

Fish samples taken over a series of months in the years following 

1982 showed high prevalences for stomaohs and intestines during 

Snmmer and a low prevalence for both regions of the gut during 

late winter. 

L sslvelini infections are highly variable but do 

illustrate a aeasonal fluctuation corresponding to seasonal 

ohanges in water temperature. L fontinalk is an active feeder 

with a catholic dietary regime. However, it is a binge feeder in 

Big Northern Pond and taken advantage of emergent insects to the 

exclusion of all other species of food. The increase in 

prevalence during summer coincides with the exploitation of 

ephemeropterans (the intermediate host of many species of 

nematode) which emerge in late nay to early June. 

  he loss of K, salvalini from L mntinalis during December 

is illustrated by the large incresae in the prevalence of the 

nematode in the intestines. It is felt that this is not due to 

handling or postmortem migration, as these fish were irnnediataly 

frozen at the site of capture, but rather to maturity of the 

nematodes and natural cyclical event-. 

  he parasite which attracts one's attention immediately upon 

extraction of the viscera of S- fontinalip is tL lateralio. 

There parasites were readily visible throujh the intestinal wall 
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and are often seen dropping and/or hanging from the vent of the 

fish. This acanthocephalan is the most numerous (some samples 

containing over 400 worns) and persistent (seintsined prevalence) 

of the four parasites encounterad in the digestive system of the 

Fish. 

An examination of the data to investigate differences in 

Prevalence of the parasites by year shuwed that in 1983 

intestinal trematode prevalence was significantly higher than 

1984 and that 1985 was higher than 1984 and 1986. The prevalence 

of stomach nematodes for May samples was significantly lower in 

1985 than in 1983. 1981 and 1986 while the intestinal nematodes 

were significantly higher for 1983 over 1984 and 1985. 

Evaluation of data for August, all years, revealed that for 

Stomach nematodes 1982 and 1984 were higher than 1983, 1985 and 

1986. The 1982 data indicate a higher percentage of infections 

for stomach aoenthocephalans than did 1983 - 1986, while 1985 was 
found to be greater than 1984. stomach trematode prevalence for 

1985 was greater than that of 1982-3. Intestinal nematode 

prevalence for 1984 was graatar than that of 1982, 1983, 1985 and 

1986 while 1983 Wa6 greater than 1982. Tha intestinal 

acanthooephalsns showed greater prevalence in all years over 

1982, while 1982 showed a greatee prevalence of cestodee than for 

other years studied. The prevalence of these two species appears 

to be negatively correlated. 

There is a general trend seen in the data butthere is great 

variability in prevalence when months are ranked. This may be 
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due to gear selection and low numbers of fish samples examined 

for some months. 

Evaluation of the data for 1982 through 1986 based on age. 

sex and maturity rhowed that an effect of age was demonstrated 

for intestinal oestodes and trematodes. Fish aged I+ and 2+ had 

lover infections than those aged 3+, 4r and 5+. The mean ages 

ranked 1+ through 5+. The intestinal trematodes shoved 4+ and 3+ 

respectively to be higher than I+ and 2+. The other two 

L L,laferali sad M, salvelini, shoved no significant 

differences due to age and this sen be explained by the early 

msst ~f these parasites and the nature of the seasonality of E. 

salvelini and C. farionis. 

There were significant differences natad foe sex of iish in 

the cases of stomaah nematodes, intestinal cestrdes and 

trematodes, these showing a greater prevalence in female fish. 

When maturity is taken into account, the effect of gonadal 

development and related hormonal changer may account for the 

differences seen. Stomach nematodes were significantly greater 

in ages 2,o and 1 than for 5, and stomach acanthooephalans were 

greater at 0 than 5. The intestinal nematode prevalence for 

maturity level 1 was higher than for 2 while prevalence of the 

intestinal trematode was higher at level 1 than for levels 2.5. 

and 0 respectively. 

  he data for age and maturity parallel each other in some 

respects. ~ i s h  maturity an6 age are not synonymous as some fish 

show reproductive maturity at different ages and demonstrate 
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di f ferent  leve ls  of maturity within an age group due t o  season. 

The age of f i r s t  maturity of L f o n t i n a l i s  f o r  both sexes i n  

Big Northern Pond was 2+ and the  la rges t  percentage of spawners 

was represented by t h i s  group. 

Paras i te  Burden 

The Changes with time f o r  paras i te  burden a r e  presented i n  

Figures 13 (a- f ) .  

c. fa r ionis ,  (Pig. 13a) whish were located only i n  t h e  

in tes t ine  of L fontinalis, was seen in law numbers throughout 

most of the  study period. The extension of sampling periods i n  

1986 indicates the possible burden whiah may be reached i n  l a t e  

winter and is indicated by the  higher levels seen i n  May samples 

of other years. 



riqura Ira: Hean intensity of L fgl;ipai8 in  
the intestine of SI 
(1982-6) 





~ i q r e  13b: Mean intensity of E saUS&ni in 
the i n t e s t i n e s  of L E2&haUs 





~ i ~ ~ ~ a  130: man i n t e n s i t y  o t  LL 
t h e  stomachs o t  Sr?&%k%!%k 
(1982-6) 





Figure lad: Mean intensity of pL in 
the Intestines of L fontinaliq 
(1982-6) 



MEAN INTENSITY 

" s a 8 l b S  q- 



Figure 1%: Mean intensity of n. U r U  in 
the stomachs of g fontinalis 
(1982-6) 





Figure 131: Mean intensity of U, 
the intestines of 
(1982-61 
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E. s a l v e l i n i  (Pig. 13b) was l o c a t e d  i n  t h e  i n t e s t i n e  i n  most - 

oases With t h e  scolex of each worn inse r t ed  wi th in  t h e  p y l o r i c  

caecae. Only two cases were seen i n  t h e  stomach and t h i s  is 

thought t o  b e  due t o  postmortem migration or p ressure  on t h e  g u t  

when t h e  f i s h  ware baing removed Erom n e t s .  

The mean i n t e n s i t y  of ti. k&e&x& in stomachs was 

r e l a t i v e l y  low. SBmp186 taken i n  February and April  show no 

ins tances  of t h e  acanthocephalan. However, nay and June samples 

contained worms which could n o t  be  assoc ia ted  wi th  amphipods 

(Hva le l l a  a z t e ~ a )  which a r e  known t o  be  t h e  intermediate hos ta .  

The samples t aken  in November 1984 and November and December i n  

1986 con ta ined  H. a z t e w  with t h e  cys tacan th  i n  t h e  haemocoel of 

t h e  anphipodr. Soma ind iv idua l s  of M. l a t e r a l i s  could w a l l  have 

been fo rced  i n t o  the  stomach whi le  t h e  f i s h  were i n  n e t s  and 

during handling.  me burden for t h e  i n t e s t i n e s  is i n d i c a t i v e  of 

t h e  p a r a s i t e  load.  The c h a r r  o f  Big Northern Pond, when 

in fec ted ,  had a mean burden of no l e s s  than 1 0  acanthocephalans 

and t h i n  can reach  numbers i n  excess of  150 vorms. The d a t a  

i l l u s t r a t e d  i n  Figs.  1 3  c and d show t h a t  t h e r e  were two p o s s i b l e  

periods when i n f e c t i o n  was t a k i n g  p lace .  The f i r s t  was May 

through J u l y  and t h e  second was dur ing  November. These pe r iods  

were co inc iden t  with increased numbers of L a&esa and took 

place when t h e  water temperature was r i s i n g  i n  t h e  s p r i n g  end 

f a l l i n g  i n  autumn. 

The p a r a s i t e  L w, when i n  l a rge  numbers, were 

located a long  t h e  e n t i r e  i n t e s t i n e  from t h e  py lo r i c  caecaa t o  t h e  
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anus. 1n many cases the paras i t e  vsa seen  hanging Imm the v e n t .  

~ e v l y  acquired paras i t es  were found near  the anus and were not 

attached. The shedding of these  j u v e n i l e  paras i t es  in to  t h e  

environment c a n  be a major source of p a r a s i t e s  i n  f i s h  and may he 

responsible f o r  t h e  maintained prevalence seen  i n  these charr.  

The nematode L a&&hi ocaupied a prominant posit ion i n  the  

Stomach with mean numbers reaching 38 paras i t es  par ind iv idua l .  

The numbers f o r  t h e  in tes t ine  vere sovewhat less and i n d i c a t i v e  of 

the  migration of t h e  worn downwards through t h e  d iges t ive  t r a c t  as 

they mature. The graphs of t h e  stomach and i n t e s t i n e  burden (Fig.  

13e and 13f respec t ive ly)  show a t rend  whereby la rge  numbers of the  

nenatde vere found i n  l a t e  spr ing  and e a r l y  summer and then  

dropped of f  towards ea r ly  winter.  w his is i n  l i n e  with the  

seasonal growth pa t te rns  of t h e  i n t e m e d i e t e  hos t ,  the  

ephemeroptera. 

Effect  of ~ a r a s i t i s m  on condi- 

A oomparison of the data when a l l  pa ras i t es  were pooled and 

then compared to f i s h  condition r a i l e d  t o  show any s ign i f icance .  

The only paras i t e  t h a t  showed s i g n i f i c a n t  r e s u l t s  when 

condition f a c t o r s  and paras i t e  nunbers were considered were the  

acanthocephalans. mere was a s i g n f i c a n t  d i f fe rence  between f i s h  

which con ta ined  h lataralis and those  t h a t  d idn ' t  (SNK t e s t ) .  

The d i f fe rences  seen i n  cases where f i s h  vers paras i t i zed  by 

n later.fis shoved a trend whereby f i s h  containing 11-20 

aoanthooephalans were generally i n  b e t t e r  condition than  Uloee 



110 

with 10 or l e s s  parasites (excepting f i s h  not having L 

l a t e r a l i s ) .  There i s  a loss of a w e  infomat ion  in  t h i s  analysis 

as seasonal a f f e c t s  were masked by pooling of data and some 

sample s i z e s  were regrettably but unavoidably small .  



Ill 

Discussion 

physical. Chemioal and n i c r o k A L w k a l  Water Oualify 

Temperature 

The thermai s t a b i l i t y  and chemical qual i ty  of an aquatic 

d ic ta tes  the  l i f e  ferns which may inhabi t  it. The 

physiological a b i l i t y  of L f o n t i n a l i s  allows it t o  sunrive i n  Big 

Northern Pond where temperatures have been recorded as high ao 20-C 

with dai ly  swings of 4%. 

Chemical Water Quality 

The chemical oompposition of water i s  oftan included i n  studies 

dealing with f i sh  growth and it i s  accepted tha t  the  more alkaline 

waters support a grea ter  diversity of organisms (Aowells eZ A., 

1983). I t  is now increasingly obvious tbnt  the more ac id ic  waters 

in  t h e  eastern North American continent a r e  sens i t ive  t o  lowered 

pH levels  (Baamish. 1976; Schofield, 1976). Big Northern Pond i s  

the moat aoidio of the ponds evaluated t o  da te  i n  M e  Topsail- 

~ a n u e l s  system and it demonstrates well the changes which taKe 

place i n  the  physical (ionic) parameters over the  period of a year. 

The depression i n  the pH of the water during spring is also 

documented i n  other areas and is thought t o  be t h e  cause of 

mortality of young Fish and f a i l u r e  of eggs t o  hatch (Trojnar, 

1977; Menendez, 1976). 
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Microbiological Water Quality 

sactariological water qvality i s  important when assessing t h e  

possible effeota of agr icul tura l  development on watersheds. An 

investigation into t h e  water qvality of Big Northern Pond revealed 

t h a t  t h e  water remains in  a pr is t ine  s t a t e  unlike t h a t  of t h e  water 

qual i ty  lower i n  the watershed. The levels OL &. Eeu fur ther  down 

t h e  system do r e f l e c t  human ac t iv i ty  and are a ref lec t ion  of t h e  

in tens i ty  of t h e  ac t iv i ty  surrounding t h e i r  respective water bodies 

(cowan, Baggs and Hollohan, in press).  

I t  would appear t h a t  water quality i n  Big Northern Pond 

(excepting acid precipitation) is not influenced grea t ly  by man. 

Biolosicsl Parame- 

The i n i t i a l  sample c o l l a ~ t i o n  of L f o n t i n a l i s  taken i n  1982 

contained only four specimens of O+ f ish ,  two male and two female. 

The paucity of th is  age group within t h e  sample was due i n  par t  t o  

t h e  type of gear u t i l ized  and t h e  locations within the pond where 

the f i s h  were obtained. The movement of f i s h  from the  pond down 

t o  the  stream was l a t e r  determined when mature epoimens were 

entrapped in  surber sampling equipment l e f t  t o  col lec t  d r i f t  

organisms. ~ e d d s  used i n  t h i s  area were small and dispersed 

amongst la rger  meks, t o t a l l i n g  no more than 10-12 during the  

period of observation.  he aatual recruitment t o  t h e  pond 

population of 8. f o n t i n a l i s  from the stream area is  small as the  

pond is mown t o  be the  main area for  spawning (Cowan and 

Baqgs, 1988). 1t is of i n t e r e s t  t o  note t h a t  a t  no time were i% 
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ever seen t o  u t i l i z e  t h e  stream a r e s  f o r  spawning purposes 

and over seven years  o f  sampling only two I+ S. saLax were seen 

in t h i s  hah i t a t .  

The e f f e c t  of water depth and flow r a t e s  on redd se lec t ion  

by s .  fon- have been investigated (Witrel  and Mascrimon, 

1983). These au thors  found t h a t  v a t e r  ve loc i ty  separa ted  t h e  

brook char r  from the  b r m  t r o u t  i n  t a m s  of redd se lec t ion .  The 

brook c h a r r  u t i l i z e d  slower waters which were supplemented by 

some upwelling o r  seepage of ground v a t e r .  Thia would appear t o  

be s i m i l a r  t o  t h e  s i t u a t i o n  i n  Big Northern Pond except t h a t  S, 

w, t h e  cohabit in, .  species,  i s  r e l ega ted  t o  the upwelling 

areas of t h e  pond (Cowan and Bogge, 1988). 

Fry Emergence 

The v a r i a b i l i t y  i n  t h e  date of emergence foe va r ious  f i s h  

spec ies  h a s  been documented by Braurn (1978). H e  s t a t e s  t h a t  

e f f e c t s  o f  photoperiod,  temperature, oxygen and o the r  f ac to r s  

(eg. phyei01agic;al) e l l  p lay  a r o l e  i n  the emergence of l a r v a l  

s t ages .  The e f f e c t  o f  temperature on egg  development f o r  brook 

char r  was described by  Polyanouskaya (1949). He  found t h a t  t h e  

e a r l y  Stages of egg development, cleavage t o  gas t ru la t ion ,  were 

less  sens i t ive  t o  inc reas ing  water temperatures.  me l a t e r  

s t ages  of development were suppressed by lowered temperatures 

and, as a r e s u l t ,  t he  time requ i red  for ha tch ing  increased.  

The t empera tu re  r e g i r e s  o f  t h e  Avalan Peninsula of 
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Newfoundland are varied and no two winters are ever t h e  same. 

The temperatura ef fec ts  on t h e  eggs in the  outflow of ~ i g  

Northern Pond are unknown but the changes in  envimnmentsl 

conditions a r e  known, and i f  the.. are averaged f o r  the  year the  

ef fec t  of temperature from one year t o  another may well be the 

same. There i s ,  however, one aspect which has a greater 

influence on the time of emergence and t h a t  is the  t i n e  of 

spawning in  t h i s  system. The strean in  which the  eggs are 

deposited i s  extremely shallow and u n t i l  t h e  depth o€  watar and 

t h e  temperature are  tolerable, f i s h  do not enter  the area. 

Depending on t h e  nature of the summer and ear ly  f a l l  the  spawning 

OFOUTS from l a t e  October t o  ear ly  December. 

I t  was apparent t h a t  water levels  and, secondarily t o  it, 

temperature were mediating faotore for  f i s h  i n  th ia  system as 

they determine not only the t i n e  of spawning and time of 

emergence but also when the young move i n t o  t h e  pond in  l a t e  

August (see Table 4;  presance/absencel. I t  i s ,  however, 

in teres t ing  t o  note t h a t  spawning in  the pond occurred several 

weeks l a t e r  than i n  the  stream (Cowan and Baggs, 1988). 

One important factor which af fec ts  egg survival and larval 

development i s  pH. Acidity oi ecosystems has been much 

publicized i n  recent times as it i s  now known t h a t  aer ia l  

pol lu t ion  has. decimated large t r a c t s  of land, devoiding these 

ereas of both t e r r e s t r i a l  and aquatic species of p lants  and 

animals. Many authors have produced work t o  show the  ef fec ts  of 

pH on eggs and larvae (Gunn and Noskes 1986; Rogers 1984; Hulsman 



l a a., 1983) and it is generally accepted that survival of eggs 

at low pH is reduced when there is an increase in Bome toxic metal 

which becomes biologically available due to an increase in 

leaching. Hulaman a. (1983) report in a study concerning 
walleye eggs and rainbow trout larvae that when survival of both 

weee considered in relation to whether or not the water had a humic 

content, the mortality was high for walleye eggs at pH 5.4. 

Mortality foe rainbow larvae was 100% in 5 days at pH of 4.6 and 

5.4 in the clear water. However, in cases where there was a hulnic 

content the rainba larvae had a mortality of only 3% at pH 5.5. 

The H' toxicity wan not the sole reason for mortality of 

rainbow t m u t  yolk-sac larvae (Hulsman et al., 1983) but was 

associated with increased presence of toxic metals, particularly 

aluminum. mere was only one oocasion when the pH compared to 

those of Big Northern Pond, reoorded by Hulsman & d. (1983) 

during April-May, 1981 for the Ruth-Roy stream in Ontario where the 

pH was 4.6. A conparison of the other elements indicates that the 

levels are considerably lover in this etudy and any toxic effects 

that nay Eause mortality are unclear. Cunn and Noakes (1986). in 

a study of avoidance of low pH and elevated aluminum, showed that 

8. @&imajs alevins weee able to detect end avoid toxic H' 

levels. The alevins actively avoided pH values lass than 5.0 when 

exposed to a variable environment with a pH range of 4.0 to 5.5. 

The brook charr in Big Northern Pond do survive, reproduce 
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and grow i n  an area of low pH and the growth does not appear t o  

be reduced due t o  acidity. The d a f o n i t i e s  reported by Beamish 

(19751 i n  h i s  study of white suckers (Catastomus were 

not seen i n  Big Northern pond f i s h  even though p~ values reported 

by him mimic those f o r  t h i s  pond. 

The ef fec t  of temperature i s  t ied  t o  t h e  actual time of 

spawning as the  onset and duration of spawning ac t iv i ty  nay be 

ear ly  o r  l a t e  depending on water depths and velocity in  t h e  

stream environment. 

The use of degree-days f o r  determination of possible 

incubation periods i s  not applicable in determining post-spawning 

dates  as spawning areas which are subject t o  d iurnal  temperature 

fluctuations and flow changes often experience temperature 

variations of 10% (Braum, 1978).  his would conpound t h e  

var iabi l i ty  already introduced by t h e  differences i n  the times of 

spawning. 

Any post-embryonio development may be fur ther  delayed or  

even acoelerated due t o  temperature changes and t h e  development 

of a n  appropriate food resmrce which must coincide with t h e  

onset of exogenous feeding. 

cunjak (1982) showed i n  experiments involving W 

qairdneri and S a l v e l ~  fantinalis tha t  the brook sharr  was most 

competitive a t  a temperature of 1 3 ' ~  when there  war no l i m i t  of 

food in an experimental tank. However, when temperatures were 

raised t o  19Oc the  brook Eherr demonstrated a higher weight l o s s  

than S. sairdneri. This weight loss, although not demonstrable 
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in the present study, may well be a reason for the abandonment of 

the redd sites and stream environment, as food supplies in this 

area would certainly be limited dua to demands of a growing fish 

population as well as the normal depletion of prey due to 

seaaonal variations. The intra-specific studies of behaviour 

amongst brook charr (cunjsk, 1982) demonstrated a lowered 

antagonistic behaviour at higher temperatures suggesting that the 

physiological strain placed on brook c h a m  by high temperatures 

leaves little reserves or vitality for behavioure other than the 

minimal ones required far survival. Hence, in an environment 

where escape to a less etress£ul environment is possible, 

abandonment of one habit for another would be expected. It would 

also appear that the temperature affacte all age classes of L 

&&h&U in this stream. 

Morphological characteristics 

The norphological relationships of fish can vary depending 

on species, age, sex, diet and maturity (Eagenel and Tesch, 

1978). The length-depth relationship of O+ L fontinalis in Big 

Northern Pond showed little variation. The few cases that showed 

variation are thought to be the result of late emergence or slow 

absorption of the yolk sac. 

The length-depth relationship for older fish also showed 

little variation. 

The length-weight relationships of L fontinalis and other 

salmonids has been approximated at e value of 3 (Wiseman, 1966) 
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and this value is appropriate for isometric growth (Bagenal and 

Terch, 1978). Upon calculation of the slopes of year class data 

it was found that the valuer for the length-weight relationship 

of O+ fish war* significantly greater than 3 ,  indicating 

allometric growth. This had a signifisant effect on the 

condition factor values for this age group. 

The langth-weight relationship for older fish did not, 

however, differ significantly from 3 and this value was "bed in 

the calculation of the condition factor for older fish. 

Condition factors of Age O+ fish. 

Condition factors have been used for expressions of relative 

robustness of fish and are of use when indications of 

environmental suitability for a speoies are being considered 

(laglar, 1956). Changes in condition can be expected when 

looking at factors such as age, sex and season. 

A seasonal decrease in condition factors of L Lsntinalis in 

Ontario streams has been demonstrated (Cunjak and Powsr, 19871 

from August onward for forklength esnges of 5.9 to 17.1 cm. 

Their data, however, was pooled and no comparisons of younq of 

the year and older fish were made. Pooling of data maska 

infornation which may be used to describe the effect of season 

end a review of the literature did not demonstrate the effect of 

winter on young of the year fish. A s  a result, comparisons could 

not be made. 

An examination of mean air temperatures for the Topsail- 
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Manuelr watershed (Table 1) does rrot indica te  t h a t  water 

temperatures would have had an ef fec t  on growth and well being of 

the  young of the  year f i s h  and no differences i n  t h e  leve l  and 

flows of the stream were noted. One factor which may play a r o l e  

is the quality of the d ie ts .  No data  were co l lec ted  on the  

r e l a t i v e  abundance of food but,  however, notable differences i n  

yearly abundances of emergent insec ts  were observed during the 

study. 

cunjak and Power (1987) re la ted  changes i n  condition t o  

temperature and not food supply as t h e  ca lor ic  intake remained 

equal throughout t h e  study. As there  was no attempt t o  quantify 

t h e  food of the  young of the  year i n  Big Northern Pond no such 

assumption can be made. However, lowered temperatures are not 

f e l t  t o  be the  cause as  t h e  temperatures up t o  August are i n  what 

is considered t o  be the optimal range (cunjak, 1982: 800tt and 

crossman, 1973). 

The pmlonged sampling Of 1986 indicated t h e  rap id i ty  with 

which brook charr respond t o  t h e  environment. me decline i n  the  

condition of the July, 1986 sample i s  not thought t o  have bean 

d i r e c t l y  caused by temperature as the  mean temperatures were 

still r i s ing .  I t  may have been a decline i n  food due t o  pulses 

or periods of prey emergence followed by lower emergent a c t i v i t y  

t h a t  is responsible for t h e  decline i n  condition. meee pulses 

can be species spec i f ic  (Larson, pera. comm.) and may change 

d ie ta ry  habi t s  and hence nut r i t ive  gain. The differences i n  

c o n d i t i o n  are  probai~ly  due t o  seasonal e f f e c t s  such as 
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temperature, parasitism and food supply which would cause 

deoraasaa i n  overall  growth. 

Age Composition 

The age atruotuee of %. fontinalia of Big Northern Pond war 

the same with both sexes reaching the age of 51.. This i s  in  

agreement with Wiseman (1969). There are areas in  t h e  Topsail- 

Nanuels watershed where i so la ted  populations of S- 

reach the  maximum age of 3+ (loggs and Cowan, unpublished data) .  

Mortality 

Mortality in  a fish population can a r i s e  from various 

sources ia . ,  (1) natural mortality where hatching f a i l u r e  due t o  

egg predation, disease and pol lu t ion  may af fec t  recruitment, ( 2 )  

angling mortality where selected age groups are targeted by 

management policies or personal size choice concomitant with 

damage during hook and release s t ra tegies  and other de l ibera te  or  

unintentional catching practices. A fur ther  list of fac tors  

influencing angling mortality has been published (Wiseman, 1969; 

Lagler 1961). The s i z e  l i m i t s  ( length of f i sh)  on oatchee of S. 

font ina l i s  are no longer used t o  regulate the  fishery as t h e  

enforcement of a I s  om l i m i t  would r e s t r i c t  catches where stunted 

populations of f i s h  exis t .  The s i tua t ion  was further exacerbated 

when stunted populations of f i s h  occurred within watersheds 

conta in ing popula t ions  of larger  growing members of t h e  

population. The s i tua t ion  of having a length l i m i t  on f i s h  has 
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changed since t h e  work of Wiseman (1969) and, barring extremely 

small f i s h ,  the e f f o r t  i s  spread out over Me age prof i les  of the 

species concerned. 

NO attempt t o  establish natural or angling mortality was 

rnade for  ~ i g  ~ o r t h e r n  Pond. However, it i s  thought t h a t  angling 

mortality i n  low foe t h i a  pond due t o  i t s  re la t ive  i so la t ion  and 

inaccessibility. 1t i s  f e l t  t h a t  the location of t h e  pond i s  not 

common knowledge t o  most of t h e  f i sh ing enthusiasts and t h i a  i s  

backed up by t h e  low numbers of anglers encountered there  over 

the l a s t  8 years. When encountered, the  anglers tended t o  be the 

same people and information supplied by then about the  pond 

tended t o  be borne out by t h i s  investigation. An in teres t ing  

aspect t o  angling e f f o r t s  and resul t ing  mortality i s  t h a t  the  

catch per uni t  e f for t ,  i f  computed, would probably be very law as 

e f f o r t s  t o  auqment sample sizes using various angling gear had 

dismal results.  This i s  most l i k e l y  due t o  the  f a c t  t h a t  these 

fish, when caught by other means, appear t o  be well fed and not 

actively searching for food. 

Kennedy (1954) s ta tes  t h a t  'mortality r a t e s  in  f i sh  

populations can be estimated ii t h e  ages of random ralnples ate 

known.' If the  l e a s t  vulnerable f i s h  t o  fishing gear, ie. age 0 

and 1, in  the  Big Northern Pond study are ignored the  number 

remaining i n  any year c lass  i s  less  then t h e  preceding year 

class. Year c l a s s  fluctuations can obscure t h i s  in some caaes. 

Nortality curves do show fluctuations which may be due t o  

year c lass  strengths o r  weaknesses. However, avera i l  the data 



122 

MUld indicate that the fieh ppulations are not being affected 

greatly by environmental Ehangss or fishing efforts during the 

study period. 

sex and Maturity 

sex Ratios 

Wiseman (1969) in his review of the literature indicates that 

there are a large number of papers reporting deviations in the 1:l 

sex ratio of fieh populations which are dependant on the spesies 

examined. wieenzn (1969) also shows that within ~awfoundiand there 

are deviations from the 1x1 sex ratio for S. fontinalis depending 

on locality, fishing pressure, and whether or not the life history 

involves periods of sea life. The overall 1:l sex ratio applies to 

Big Northern Pond. 

The mean age of 6. fontinalis in Thomas Pond was approximately 

2.5 for both male and female brook cham (Wiseman, 1969) whereas 

the mean age for Big Northern Pond was 1.6 years. A differenoe in 

mean ages would suggest some differential mortality . 
The variation in this data may be due to sampling techniques, 

behaviour (social or feeding) or sex specific mortality. It is 

felt that poolad data best describe the actual situation for the 

pond and this is supported if the data obtained from collections of 

young of M e  year from the redda are compared. 
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Maturity 

The age of maturation of fish is important as it can be used 

to indicate possible recruitment to the habitat. This is done by 

recording the percent of the population which reaches full 

reproductive potential within any year. It is generally accepted 

that the older (and hence bigger) the fish the more eggs that 

will be generated. The effect of stress (physiological/ 

environmental) may also affect the onset of maturation, advan~ing 

it in an attempt to deal with this stress (Wiseman, 1969). This 

present study did not deal with this aspect but recorded only the 

proportions of the population that may be involved in 

reproduction. The data obtained compare with the data of Wiseman 

(1969) but differ from data on & Pontinalie downstream in the 

Topsail-Man~els watershed where the age of first spawning ie 1+ 

(Baggr and Cowan, unpublished data). There were very few cases 

of atretic eggs in non-active members of the population which 

would indicate previous or multiple spawning events. 

The diets of brook cherr have been determined from grogs 

examination of various sections of the digestive tract. mwer 

(1980) states "unfortunately the effort devoted to the study of 

natural diets has provided few insights into the fundamental 

ecology of energy flux through brook charr populations." A 

review of the literature ooncerning Newfoundland fish shows the 

data on feeding to be primarily of a qualitative, semi-seasonal 
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nature whioh tends to lump food item into phyloganetic 

categories (wheeler, 1977; Chinniah, 1971), frequency (Tilley, 

1984) or percent weights of dietary items as compared to total 

stomach weight (Keats, 1986). Wiseman (1971, 1972) evaluated the 

diets of brook char. in the Toprail-Manuel. system with a view to 

quantifying and qualifying the dietary components. Wiseman's 

study of 1971 was based on a sample of fish taken in June from 

Thomas Pond and the study done in 1972 reports the quantitative 

and qualitative nature of the fish diets of Paddy's Pond during 

May. 

There era few studies dealing with diets of fish on an age 

basis and only one (Tilley, 1984) which deals with fesdlng of 

juvenile fish in the Topeail-Manuels system. Studies of feeding 

of adult fish on a searanel basis are lacking completely for the 

Topsail-~anuels system and such data are limited on the island. 

Studies of the dietary habits of brook charr which have been 

carried out elsewhere provide limited baseline data (Power, 1980) 

when attempting to evaluate the food preference, relative 

availability, and nutritional value of natural diets. Many 

studies are limited by accessability, ie. remoteness or seasonal 

restrictions due to ice cover or migratory behaviour, and limits 

placed on sample sizes do not allow, for the most part, adequate 

numbers to assess the effects of age or size on prey selectivity. 

A problem which also occurs when looking at the effect of diet on 

fish growth is that oaused by stook exploitation and changes in 

the predator-prey ratios. This particular situation is further 
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exacerbated when natural ecosystems a r e  subjected t o  ar r iva ls  of 

exotic predator specias which may, through behavioral and 

competitive advantages, upset the  natural balance of the  aquatic 

ecosystem. 

Nyaan (1970) describes a s i tua t ion  f o r  the Waterford River 

system in Newfoundland where brown t rout ,  5, Lzxt&s, an exotic 

f i s h  species, have displaced t h e  resident brook charr due t o  the  

s imi lar i ty  of d i e t s  for t h e  two f i s h  species and i n  par t  t o  t h e  

more nggressive and campatitive nature of me larger,  longer 

lived brown trout.  Where brook charr and brown t r o u t  co-existed 

there  was par t i t ioning in respect t o  s i z e  of prey eaten, with the  

la rger  pray items being consumed by t h e  la rger  brown t rout .  H e  

suggests t h a t  in a lacustrine environment, for f i s h  t h a t  are 

indiscriminate feeders (Wiseman, 1969), t h e r e  nay well be food 

segregation coupled with habitat segregation. Big Northern Pond 

is inhabited by two salmonids. The main colnpetitor for  food in  

t h i s  environment i n  respect t o  L font ina l ie  i s  t h e  ouananiche, 

sslmo sa lar .  s- ECLLSX provides a lacus t r ine  s i tua t ion  comparable -- 

t o  the f luvia l  brown t r o u t  - brook charr study of N p a n  (1970), 

as in t h i s  s i tua t ion  S, % .  is a l s o  longer l ived and bigger 

than S. f o n t i u .  

Wurtsbaugh & &. (1975) i n  t h e i r  study of t h e  food 

preference or under yearling brook charr and rainbow t r o u t  in  

cas t le  Lake, California found t h a t  there  was a high preference 

f o r  benthic organisms. Their ranking of food i t e n s  showed a 5 

and 10% occurrence by weight of chirononid larvae and pupae, 
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respec t ive ly ,  followed by a 60% component of Ephemeroptera. 

There Was a 101 t o t a l  weight Component a l l o c a t e d  t o  un iden t i f i ed  

ben th ic  mate r i a l .  The o t h e r  i tems,  of l imna t i c  and t e r r e s t r i a l  

o r i g i n ,  made up t h e  remainder o f  t h e  d i e t  (approximately 5% 

each) .  The d i e t  of the  young o f  t h e  year f i s h  was somewhat 

d i f f e r e n t  i n  Big Northern Pond. The Cas t l e  Lake s tudy  lists t h e  

major food p re fe rences  i n  descending order t o  be Ephemeeoptera. 

Chironomidae. Cladocera, Copepoda and l a s t l y  mixed t e r r e s t r i a l  

i tems,  whereas the  s i t u a t i o n  i n  Big Northern Pond showed a 

r e l a t i v e  preferen(;* f o r  Chironomidae, va r ious  Dip te ra ,  Colaoptera 

and l a s t l y  t h e  odonats.  

There have been inves t iga t ions  regarding Feeding and growth 

i n  hynpatrio popu la t ions  o f  salmon, S, salar w i t h  brook char r ,  5. 

f o n t i n a l i s  (WacCrimon S a., 1983; Gibson, 1973) and brown 

t r o u t ,  6 .  t r u t t a  with 5. f o n t i n a l i s  (Nynan, 1970).  

These authoFs show var ious  Begeeas of aggrassion between 

spec ies  when feeding which can l e a d  t o  reduced growth of one o r  

both spec ies  depending upon t h e  spec ies  involved.  I n  a l l  cases a 

c e r t a i n  amount of h a b i t a t  s h i f t  t a k e s  p l a c e  as a r e s u l t  o f  

competi t ion.  There a r e  no stream r e s i d e n t  QL - i n  t h e  o u t l e t  

s tream of  Big Northern Pond and t h e  on ly  competi t ion is of an 

i n t r a r p e c i f i c  nature.  Young 5. f o n t i n a l i s  hatched i n  t h e  

l a c u s t r i n e  h a b i t a t  l i v e  s y n p a t r i c a l l y  with 5. W b u t  t h e  

dagree  o f  i n t e r a c t i o n  between them and t h e  r e s u l t a n t  d i e t a r y  

se lec t ion  of t h e s e  two spec ies  of f i s h  is p r e s e n t l y  unknown. They 

do, however, occupy a i n i l a r  l a c u s t r i n e  spawning areas (Cowan and 
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BPggS, 1988) . 
It has been suggested that there may be shifts in diet where 

sppatrio populations exist (Hansom and Leggett, 1986). In Big 

Northern Pond, diets of & fontinalia and S, U showed & - oonsllrned no fish eggs, and relied less on the Caleoptera, 
Anphipoda, Gastropods and Pelecypoda than did S, i.ntinalib. 

Conversely. s. salar relied more on the Odonata, Cladooera, 

Ephemeroptera and chironomidae (cowan, unpublished data). This 

would suggest some partitioning of food resources due to 

behaviour or resources utilization. 

Parasitism 

6 .  fontinalt has been extensively studied with respect to - 

parasitism. The lists of type and nunbee of parasites harbored 

by this animal are long (Power, 1980) and a review of the 

literature shows that the parasite-host interactions are 

dependent on geographical location, species interactions, age, 

intermediate hosts, water quality, and density of both the host 

species and their exposure to various vectors. The specific 

intermediate hosts for many of the parasites and the route of 

infection has bean established for many species of parasite. As 

more work is done in those areas different routes or infection 

are being uncovered. 

An examination of local infomation shows that the host 

diversity of parasites within insular Newfoundland and Iabrador 

is as variable as it is throughout other geographical areas of 
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North America. The information on parasites f o r  local areas is 

comprehensive and covers most of the  freshwater f iah  species 

within the province (Hicks and Threlfall ,  1973; Sandeman and 

Pippy, 1967: Pippy, 1965). 

The great lnajority of information compiled has, however, 

been related t o  occurrences and in tens i t ies  of infections using 

limited numbers of samples. I t  does not address t h e  onset of 

parasitism and seasonality in  terns of paras i te  burden. No 

~ t u d i e s  were found regarding parasitism of l a r v a l  f i shes  in  

Newfoundland and Labrador, probably due t o  t h e  f a c t  tha t  there 

are few s tudies  of any aspect of la rval  development on L 

fantinalis. 

onset of Parasitism 

The onset o r  establishment of parasitism in the wild i s  

generally not well known for  E. iontinalis. 

The present study, in  i t s  examination of some aspeots of 

growth and feeding of young of the year fish, evaluated parasites 

in  developing young and provided some insight in to  the  onset of 

some parasites of E. iontinalls in  Newfoundland waters. 

The intermediate host of 8. sdxslhl is an epheaaroptaran 

(pippy, 1965: Awachie i n  Chubb, 13821. 

The data i n  t h i s  study would suggest t h a t  there  are two 

periods of high infection and low periods of low infection, t h e  

highs occurring in  mid-summer and again in e a r l y  winter. The 

ear ly  f a l l  decrease may be due t o  several f a c t o r s  such as a 
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lowered avai labi l i ty  of intermediate hosts for the nematodes, 

oessation or reduction of feeding by Sr fonffnalis, and/or by 

changes in  hormonal levels brought on by maturation of the  host. 

These findings have been paralleled for  t h e  sane paras i te  i n  

s tudies  of other hosts (Chubb, 1982). Chubb (1982) also eholia 

t h a t  f o r  L L, there  e x i s t s  several ephemeropteran epecies 

which carry the infective s tags  of t h i s  parasite.  The number of 

d i f i e r e n t  species of ephemeropters are not know, f o r  Big Northern 

Pond. Tt can be reasonably expected t h a t  there  a e e  two periods 

during the  year when paras i te  egg release oocura causing an 

increase in  the number of infected intermediate hos ts .  

The onset of L l a t e r a l i s  a t  an ear ly  age raised some 

in teres t ing  questions as t o  the possible routes of  infection. 

The occurrence of t h i s  parasite i n  the stomach of the f i sh  

collected in  August 1983 and July 1984 indicated t h a t  the  

paras i tes  were being actively picked up. This was further 

para l le l led  by the  larger numbers seen i n  t h e  i n t e s t i n e  (the s i t e  

of preference of the  parasite) of  the sane f i sh .  

The intermediate host of L l a t e r a l i s  i n  Newfoundland is the  

amphipod, V y a l s l l a  zak%zj (Pippy, 1965). This was also  

demonstrated i n  t h i s  system by t h e  author. However, t h i s  

infec t ive  route f o r  parasitism in  young of the  year f i sh  is 

questionable. The amphipods which have been i so la ted  from t h e  

stomachs and in tes t ines  of these f i sh  are extremely small and f o r  

t h e  most part in tac t .  The presence of an  infective cyetacanth has 

not  been demonstrated in  any small alaphipodr i n  t h i s  system. 
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There are  two other poss ib i l i t ies  f o r  the  transmission of 

t h i s  parasite.  The f i r s t  i s  t h a t  of a paratenic host, and while 

t h i s  cannot be discounted, there  i s  no evidence t o  date t h a t  t h i s  

i s  t h e  case. The second poss ib i l i ty  i s  much more demonstrable, 

t h a t  being t h e  d i r e c t  ingestion of t h e  paras i te  by young fish. 

I t  i s  accepted t h a t  paras i tes  are parsed on through ingestion of 

one f i s h  by another (Noble 6 Noble, 1976) but only whera 

activation of the  paras i te  from i t s  la rval  o r  egg s t a t e  has not 

Occurred. 

The poss ib i l i ty  of a d i r e s t  route (host t o  hos t )  was raised 

when a f i s h  caught  i n  nay 1983 conta ined an  a d u l t  

asanthocephalan. This f i s h  had only jus t  begun exogenous feeding 

and t h e  developmental s tage  of the paras i te  it contained taker 

approximately 80 days (Nickol, 1985). Other specimens of 

acanthosephalans were found t o  be well developed in  subsequent 

  amp lea taken a month l a t e r .  

Brook cham are indiscriminate, opportunistic carnivores 

(Npan ,  1970; Swift, 1970). A great majority of studies l i s t  

unintentionally obtained material in the  stomach and in tes t ina l  

contents which is ingested while feeding. Young f i s h ,  when 

beginning heterotmphic exogenous feeding, can be expected t o  

experiment with food items and they usually are eas i ly  attraoted 

t o  a variety of items. This author has seen f i s h  grab st and/or 

attempt t o  swallow the  mucoid fecal s t r ings  from another f i sh  as 

it hangs from the anus o r  f l o a t s  through t h e  water column. This 

can be seen in  aquaria. Furthermore, in  instances whera the  
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p a r a s i t e  burden is high,  many p a r a s i t e s  may be  passed with t h e  

f e c e s .  These would rece ive  some pro tec t ion  due t o  the mucoid 

n a t u r e  of the  faces  al lowing an a c t i v e  a d u l t  p a r a s i t e  t o  su rv ive  

f o r  some time. 

Coprophagy can be  expected amongst f i s h e s ,  g iven  t h e  na tu re  

OF t h e i r  foraging. The a v a i l a b i l i t y  o f  p a r a s i t e s  is enhanced i n  

the stream h a b i t a t  under study as t h e  area contained o t h e r  

members o f  t h e  spec ies  up t o  t h e  age of 3+, and t h e s e  o lde r  

members have been seen t o  have 100% in fec t ion  r a t e s  and p a r a s i t e  

numbers o f  L l a t e r a l i s  i n  excess of 250. Piah o f  t h i s  o lde r  

group have a l s o  been seen t o  pass  acanthocephalans from t h e i r  

d i g e s t i v e  t r a c t s ,  and t h i s  would provide an ongoing supply of 

woms t o  t h e  young f i s h .  

The a b i l i t y  of p a r a s i t e s  t o  su rv ive  changes from one 

d e f i n i t i v e  hos t  to another h o s t  of t h e  same s p e c i e s  has  been 

demonstrated (Hnath. 1969) and phys io log ica l  f a c t o r s  which may 

in f luence  cystacanth development f o r  same spec ies  o f  p a r a s i t e s  

h a s  been shown (Graff  and Kitaman, 1965). Fur themore ,  t h e  

d i g e s t i v e  a b i l i t y  o f  some f i s h  is reduced dur ing  t h e  i n i t i a t i o n  

of exogenous Feeding (Kawai and Ikeda, 1973 arb) which would 

enhance t h e  t r a n s f e r  of p a r a s i t e s  and subsequent passage through 

t h e  d i g e s t i v e  t r a c t .  

The f a c t o r s  t h a t  in f luence  cystacanth a c t i v a t i o n  have been 

s t u d i e d  f o r  N o n i l i f o m i s  dubiu. (Graff and Kitzman, 19651, and it 

was found t h a t  b i l e  s a l t s  were obl iga to ry  f o r  a c t i v a t i o n  of 

cys tacan ths  L X&Z~.  Th i s  i n  t u r n  war dependent on  pH, wi th  a 
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pH of 8.5 baing optimal. This activation was fur ther  enhanced by 

high C02 levels. I t  was also noted that,  depending on 

temperature and the previously mentioned factors,  the  activation 

period could run from a few minutes up t o  several hours. 

Adult f i sh ,  when feeding actively, are known t o  increase the  

r a t e  a t  whioh food wi l l  pass through the  digoativo t rac t .  This 

=an resul t  i n  inactivated or par t ia l ly  activated paras i tes  baing 

released t o  the environment i n  a stage which is res is tant  t o  

mortality. 

The survivorship of cystaoanths and juvenile worms is also 

enhanced due t o  t h e  re la t ive ly  inactive stomachs of t h e  young 

f i sh .  Kawai and Ikeda (1973a,b), i n  two studies on the digestive 

enzymes of carp, sea bream and rainbow t rout ,  report t h a t  

t rypt ic ,  maltase and amylase ac t iv i ty  developed with age shortly 

a f t e r  hatching while peptic ac t iv i ty  did not.  Furthermore, it 

took from 40-60 daye post-hatching for proteolytic a c t i v i t i e s  of 

la rval  rainbow t r o u t  t o  reach t h e  levels  of older t rout .  These 

a c t i v i t i e s  paralleled growth. 

Hnath (1969) transferred l i v e  aoanthocephalans from coho 

Salmon by force-feeding adul t  worms t o  hatchery reared S. 

m. The experimental t rout  were examined over a twelve- 

week period and .ll were found t o  harbour t h e  parasite.  

~ r a n s f e r s  of parasites through cannibalism o r  predation are a lso  

racqnized (Noble and Noble, 1976) and the ef fec t  of icthyophagy 

or cannibalism i s  supported by work done (DeBumn and Naillard, 

1987) on gobies, labr ids  and anguillids. 
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Parasites,  through evolution, have been able  t o  maintain 

viable populations of themselves i n  a wide var ie ty  of habi ta t s  by 

using various strategies.  

T h i s  s t u d y  demonstrated t h a t  a d u l t  o r  developing 

acanthocephalans can be ingested without being p a r t  oP the  

regular d i e t  and t h a t  coprophagy, another p o s s i b i l i t y  for  

transntission, nay be an important route by which la rva l  f i s h  

heEOne infected i n  Big Northern Pond. 



preva lence  and Seasonali ty of t h e  p a r a s i t e s  of t h e  d i g e s t i v e  
t r a a t  of S. fontinCiliS of age  g r e a t e r  than  0.  

The da ta  co l l ec ted  i n  August 1982 produced i n f o m a t i o n  t h a t  

seemed somewhat incons i s t en t  wi th  observations made on 9. 

i n  t h e  yeare preceding t h e  i n i t i a t i o n  of t h i s  study.  

me nunber of cestodes i n  t h i s  sample suggested an abundance of 

t h i s  p a r a s i t e  during a period when a l a c k  of ces todes  would 

normally be seen. A review of t h e  l i t e r a t u e e  f o r  Newfoundland 

(Hicks a n d  T h r e l f a l l ,  1973; T h r e l f a l l  and Hsnek. 1970; Sandeman 

and Pippy, 1967) lists L&&h&n salvelini but  does no t  i n d i s n t e  

t h e  d a t e s  on which t h e  f i s h  con ta in ing  the  p a r a s i t e s  were caught. 

The l a c k  of looa l  information on the  number and seasonal  

v a r i a t i o n s  i n  p a r a s i t e  p reva lence  and seasona l i ty  ind ica ted  an 

area of resea rch  which requ i red  fu r the r  inves t iga t ion  i f  sopa 

i n s i g h t  as t o  p a r a s i t e  e f f e c t  on f i s h  growth was t o  be determined 

f o r  Big Northern Pond. 

Pippy (1965) recorded E, farinnis. from s e v e r a l  s p e c i e s  of 

f i s h  i n  Newfoundland. H e  a l s o  desc r ibed  a mollusc-ephemeroptemn 

r o u t e  f o r  t h i s  pa ras i t e .  Chubb (1919) suggested a r o u t e  v ia  t h e  

~ D ~ ~ U B C  through a oruatacean,  Gamaer+ls pl lsx  t o  t h e  brown t r o u t ,  

s o t r u t t s .  The p o s s i b i l i t y  o f  two m u t e s  of t r ansmiss ion  of 

r, i n  Big Northern Pond e x i s t s  as t h e r e  is a co- 

e x i s t e n c e  of a t  l e a s t  two epeo ies  of mollusc, va r ious  s p e c i e s  of 

epherneropteran and two s p e o i e s  of saphipod. There was a 

r e l a t i o n s h i p  between t h e  rise i n  p a r a s i t e  occurrence and change 

i n  t h e  s p r i n g  and f a l l  d i e t s  of t h e  brook chaer.  A high incidence 
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of ephemeropterans occurred i n  t h e  d i e t  of t h e  f i sh  i n  the  epring 

whereas an inorease in the incidenoe of amphipods i n  t h e  d i e t  

occurred i n  the  f a l l .  

A low prevalence of r, has been attributed t o  water 

movement (Chubb, 1979). H e  a l s o  a t t r ibuted  the decrease i n  

parasite prevelance t o  lowered water temperatures. Water 

movement other than tha t  c-used by wind was not a fac tor  i n  Big 

Northern Pond and t h i s  aspect cannot he compared t o  Chubb's 

study. However, h is  observations on t h e  onaet of colder 

temperatures do agrea with t h e  findings of t h i s  study. The data 

~ o l l e ~ t e d  for 1986 would suggest two periods of increased 

prevalence for r, -. The i n i t i a t i o n  for changes i n  

in termedia te  hos ts  could well be directional changer i n  

temperature. The advantage t o  L of a dual route of 

transmission would be i t s  continuous existence i n  t h e  f i s h  

population and a reduced re l iance  on the  presence of s p e c i f i c  

intermediate hosts. This s t ra tegy needs further investigation. 

The data for  August for these years supported t h e  casual 

observations made prior t o  t h e  study period. The occurrence of 

!L s a l v e l i n i  i n  t h e  stomachs of f i s h  in  1982 and 1985 was 

probably due t o  handling the f i s h  when taking them from t h e  nets,  

or t o  postmortem migration as the s i t e  of preferensa is known t o  

be the in tes t ine .  I t  would appear tha t  the  parasite was obtained 

during t h e  l a t e  f a l l  o r  eerly winter and decreased i n  l a t e  spring 

or early summer. This occurrence of t h e  paras i te  coinciraed with 

lower temperatures. The occurrenoe of L sa lvel in i  i n  f i s h  found 
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i n  Newfoundland and Labrador wa te r s  has  been noted (Sandenan and 

Pippy, 1967; Hioks and T h r e l f a l l ,  1973) bu t  no s e a s o n a l i t y  i n  

prevalence was demonstrated. Chubb (1982) s t a t e s  t h a t  t h e r e  nay 

be years  o f  h igh  prsvalence followed by years with lover  

prevalence.  

The e f f e c t  o f  season on inc idence  h a s  been inves t iga ted  f o r  

some p a r a s i t e s  (Chubb, 1982). Amin and Burrows (1977) t e s t e d  f a r  

a hos t -pa ras i t e  r e l a t ionsh ip  i n  t h e  ra inbar  smelt .  QMISXS 

W, and found no re la t ionsh ip  between season and i n t e n s i t y  of 

in fec t ion .  Xennedy (l9e5) s t a t e d  t h a t  generally-speaking t h e  

arranthocephalans e x i s t  i n  a s t a t e  o f  equil ibrium between 

rec ru i tment  and l o s s  o f  p a r a s i t e s  b u t t h a t  exogenous f a c t o r s ,  i e .  

water temperature,  a v a i l a b i l i t y  o f  in fec ted  host., and t h e  d i e t  

and feed ing  bahaviour o f  t h e  f i s h ,  may cause t l u c t u a t i o n s  i n  

i n f e c t i o n  l e v e l s .  

An examination of t h e  i n t e s t i n a l  prevalence of M, laterali. 

i n  & f o n t i n a l i s  would support  t h e  foregoing,  as t h e r e  was for 

t h e  moot p a r t  a maintained prevalenoe of M, l a t e r a l i s  a t  o r  about 

100% i n  t h e  f i s h .  However, t h e r e  were pe r iods  when t h e r e  was an 

inc rease  i n  M e  in take  of i n f e c t i v e  s t a g e r .  There was a 

s i g n i f i c a n t  rise i n  t h e  numbbee of smal l  p a r a s i t e s  i n  t h e  stomach 

and t h e  known in te rmedia te  hos t ,  t h e  anphipod Hvlella &&%sa., has  

been seen i n t a c t  i n  t h e  stomach of SI f o n t i n a l i s  w i t h  t h e  

cys tacan th  v i s i b l e  i n  t h e  haemocoel. This has p rev ious ly  been 

repor ted  f o r  Newfoundland f i s h  ( ~ i p p y ,  1965). The i n c r e a s e  i n  

stomach p a r a s i t e s  was seen dur ing  two periods i n  1986, those  
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hning e a r l y  summer (June-July) and  e a r l y  win te r  (November- 

December). ~ u l y  o f  1983 and 1984 showed s l i g h t  inoreases i n  t h e  

incidense o f  stomach p a r a s i t e s  as d i d  August and June of 1985 and 

1986, r e spec t ive ly .  The change i n  month for  t h i s  p a r a s i t e  may b e  

due t o  changes i n  environmental f a c t o r s  whish can advance o r  

delay the  occurrence of s u i t a b l e  intermediate hosts.  The 

presence o f  two pe r iods  would enhanae t h e  maintenance of t h e  

cons i s t en t  l e v e l  o f  parasi t ism seen for  t h i s  organism. 

Kennedy (1985) repor t s  t h a t  awachie (1966) found t h a t  i n  

Sd.m - p 0 p ~ l a t i o n 6  of Fch inorhvnchus  t r u t t a e  were 

complem~ntary wi th  i n t e m e d i a t e  and d e f i n i t i v e  hosts.  Awachie 

(1966) a l s o  s t a t e s  t h a t  i n f e c t i o n  r a t e s  inc r sased  w i t h  law 

temperature and decreased wi th  h igher  temperatures.  I n  t h i s  

study the  mid-summer peak i n  p a r a s i t i s m  f o r  k U t e r a l i s  

coincided w i t h  increased temperatures.  In  f a c t ,  the h i g h e s t  

temperatures i n  t h e  pond, 21°c, were reached during t h i s  pe r iod .  

I t  Would appear  t h a t  i n  Big Northern Pond, a change i n  

temperature r a t h e r  than a maximum o r  minimum temperature is what 

t r iggarad  t h e  process. 

The in te rmedia te  hos t  r e spons ib le  f o r  t h e  nid-burner peaks 

of L l a t e r a l i s  i n  the stomach i s  uncer ta in .  Occurrences o f  L 

a&esa ( the  knovn intermediata host)  were seen t o  occur  one month 

a f t e r  t h e  mid summer peaks. However, t h i s  is not t o  s a y  t h a t  

these  i n t e m e d i a t e  hos t s  were not p r e s e n t  during pe r iods  o f  no  

sampling. 

The mid-summar peaks of Pl, l a t e r -  also coincided w i t h  t h e  
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onset  of p a r a s i t i s m  of a l s v i n s  of font- by t h i s  sene 

p a r a s i t e .  The peaks o f  1985 and  1986 were found t o  be  

s i g n i i i c a n t l y  h igher  (Bigs.  1 2  c,d) than  o the r  months sampled 

except fo r  November and December of 1986. Th i s  would f u r t h e r  

strengthen t h e  contention of a second s h o r t e r  period of invasion 

by  L laterali.. 

The g e n e r a l  t r end  seen i n  t h e  da ta  on t h e  i n t e r s p e c i f i c  

p a r a s i t e  r e l a t i o n s h i p s  demonstrates t h a t  t h e  nematodes and 

aoanthooephalans maximize t h e i r  numbers during t h e  May-July 

pe r iod  while t h e  ces todes  and trematodes t e n d  t o  drop during t h i s  

period.  The exc lus ion  of one p a r a s i t e  by another has been shown 

(Noble and Noble, 1976) and it =an be argued t h a t  a Burge i n  

metabolic by-product* fro. an inc reas ing  p a r a s i t e  presence, i e .  

EL L a t e r a l i s ,  may well be i n h i b i t o r y  t o  o the r  pa ras i t e s  and 

r e s u l t  i n  a r e d u c t i o n  i n  t h e i r  numbers. 

R e r r i s  ( 1 9 7 2 ) ,  i n  Crompton and Nickol, (1985) a l s o  

speculated t h a t  i n  Leucircus c e ~ h . 3 1 ~ ~  (P i sces )  antibodies are 

produced i n  response  t o  excre to ry  o r  s e c r e t o r y  products of mature 

acanthocephalana. This situation may wel l  bring on a h o s t  

response which is se lec t ive  a g a i n s t  p a r a s i t e s  o the r  than  & 

l a t e r a l i s ,  t h e r e b y  excluding them and dec reas ing  t h e  o v e r a l l  

burden. 

The e f f e c t  o f  inc reas ing  matur i ty  and t h e  concomitant 

inorease  i n  hormones on parasi t ism h a s  been recorded (Noble and 

~ o b l e ,  1976; ~homas, 1964).  Thomas (1964) pos tu la tes  inc reas ing  

l e v e l s  of e s t r o g e n s  assoc ia ted  with maturation of L $z.a!&a as 
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enhancing paras i te  res i s tance  and t h i s  has been demonstrated f o r  

b i rds  and manmails (Haley 1958; Dobson, 1961). Hale hormones on 

t h e  other hand (Haley 1958; Oobson 1961) Were found t o  enhance 

growth and survival of parasites.  There appears t o  be some 

re la ted  ef fec t  of age, sex and maturity when a l l  th ree  aspects 

are grouped f o r  sane of t h e  parasites.  The t rend  would be a 

reduced prevalence as the f i s h  aged and matured with an increased 

survival of nematodes, cestodes and trematodes i n  females. Any 

e f f e c t  of reduced prevalenoe seen i n  older f i s h  may well be due 

t o  residual e f fec ts  from previous maturity i n  t h e  individuals 

concerned but t h i s  aspect was not investigated. 

Paras i te  Burden 

Parasite burden has some important implications as it can 

a f f e c t  t h e  growth and maturity of f i s h  (Noble and Noble, 1976). 

be responsible for mortality (Pippy, 1965; rag ler ,  1956), and 

make f i s h  undesirable from an angling o r  ea t ing  poin t  of view. 

Wisenan (1969) reported t h a t  L p s l v e l i n i  i n  h i s  f i s h  

SamFles 1ccurred with the proglo t t ids  p r o t ~ d i n g  i n  the stomach. 

I t  is the  fee l ing  of t h i s  investigator t h a t  t h i s  is cer ta in ly  due 

t o  handling as these worms do not have mechanisms whioh would 

allow them t o  position themselves i n  a d i rec t ion  contrary t o  

g a s t r i c  flaw. 

The numbers of E, a v e l i n i  i n  infec ted  f i s h  was low and 

d i d  not reach t h e  numbers seen by t h i s  author i n  t h e  same f i s h  

s p e c i e s  i n  other l o c a l i t i e s .  being due most probably t o  
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geographical position of the  pond and its isola t ion  from 

migrating species. There was one sample of f i s h  caught in August 

1982 which contained a large nuroher of oestodes. This can be 

attributed t o  envirunmental fac tors  which may have allowed an 

Unusually large number of intermediate hosts carrying the 

certodes t o  survive and then be eaten by the  brook cham. 

Effect of parasitism on condition factor 

Parasitism i e  known t o  be detrimental t o  t h e  health and 

general well-being of animals (Noble and Noble, 1976) and has 

been implicated in  t h e  poor condition of spor t  f i shes  t o  the  

extent the  f i sh  were not appealing t o  anqlerb (Wisenan, 1969). 

Pippy and Sandeman (1967) report f i s h  k i l l s  due t o  

acanthocephalan paras i tes  while Frost (1940) reports t h a t  the  

increase i n  acanthocephalan numbers paralleled an inoreare in age 

and condition. The brook charr of Big Northern Pond have been 

shown t o  harbour l a m  numbers of  parasites and in  the  cases 

where a paras i te  i s  known t o  have mechanical s t ruc tures ,  i e .  the  

proboscis of acanthocephalans, which nay cause t i ssue  damage and 

t h e  poss ib le  deple t ion  of n u t r i e n t s  through conpetitivs 

absorption of a resource (seen i n  a l l  oases of parasites reported 

here) ,  then there  may well be an effec t  on t h e  condition of the  

f i sh .  

NO demonstrable e f f e c t  of parasitism war seen in  regard t o  

condition factor and in  the  case of acanthooephlan parasite 

burden there  may well be a benefit .  However, resul t s  were not 

significant.  
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Burnary 

A five-year e c o l o g i c a l  inves t iga t ion  i n t o  t h e  l i f e  h i s to ry  

o f  Salvslinu. ( H i t c h i l l )  was undertaken t o  evaluate 

t h e  e f f e c t  o f  an ac id ,  dystrophic,  headwater h a b i t a t  on t h e  

seasona l  a spec t s  of growth, feeding,  reproduction and p a r a a i t i a n .  

The wate r  q u a l i t y  o f  the system seems, with t h e  exception of 

pn,  u n a l t e r e d  by man. The water contains low amounts of ions due 

t o  t h e  r e l a t i v e l y  low s o l u b i l i t y  o f  the  underlying eubs t ra ta .  

The b a c t e r i o l o g i c a l  qua l i ty  i n  t e r n s  of c o l i f o m r  ind ica tes  t h a t  

no contamination from surrounding a reas  ( c a t t l e  pas tu res )  i s  

a f f e c t i n g  t h e  system. 

The pH of  t h e  system i s  low and responds t o  inpu t  of ac id  

p r e c i p i t a t i o n .  The low pH may h e  responsible f o r  the  low 

cond i t ion  o f  the young o f  t h e  year f i s h  r e l a t i v e  t o  t h e  o l d e r  

members of t h e  spec ies .  The f i s h  o f  age g r e a t e r  t h a n  o+ show 

s i m i l a r  growth t o  those  lover i n  t h i s  watershed where t h e  pH is 

higher.  Comparisons of growth on a year by y e a r  b a s i s  and by 

cohor t  revealed n o  s i g n i f i c a n t  d i f f e r e n c e s ,  ind ica t ing  t h e  

a b i l i t y  of t h e  f i s h  t o  compensate t o  environmental  change. 

There was a 1:l sex r a t i o  fo r  young o f  t h e  yea r  f i s h .  This 

r a t i o  changes wi th  age ,  t h e  n a l e s  having a h igher  r a t e  of 

m o r t a l i t y  t h e n  females. Both mal's and females mature a t  the 

same age and changes i n  the sex r a t i o s  may b e  due t o  s t r e s s  

involved wi th  cour t sh ip  and spawning. The oonrpicuous co lo ra t ion  

o f  males dur ing  spawning may also enhanoe p r e d a t i o n  on t h i s  sex. 
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The length-weight relationship for the brook charr (age 1 

1+) closely followed the cube law. The exponent values ranged 

between 2.92 and 3.05 and were not signifioantly difference from 

3.0. The lenqth-weight relationship for developing young of the 

year firh was significantly different from the expected value of 

3 for salmonidn, with exponent values ranging from a low of 3 . 3 0  

to a high of 3.44. The condition factor for young of the year 

fish was variable with extremely low for gutted fish condition. 

Condition factor was higher for adult fish and dropped below 1 

only once for the older fish. 

The food of all age groups of the population was similar 

with the exception of fish eggs which were present only in the 

rtoaaohr of firh age greater than I+. There were no cases of 

empty stomachs in any fish. 

Parasite species diversity in P, fontinslis in Big Northern 

Pond was low. Pour enteric helminths parasites were encounted 

consistently over the period of study. These parasites were PI, 

salvelini, c. farionis, M. lateralis and L salvelini. The 

parasite nunhers for M, &xs2&i and PI, l&w&& were high. 

Parasite burden does not seem to affect the condition of the fish 

and no pathology suggestive of parasite related mortality war 

noted. 

Seasonal variation in parasite numbers was noted and a new 

route of infection for L lateralis, involving coprophagy is 

proposed. 
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