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" movement of parr from early-May to late-Septeiber,

igratory of juvenile Atlantic

salmon, Salmo salar, were e‘xmined to (1) quantify parr
movements into and out of lakes, (2) determine the
importance of lakes to smolt production,-and (3) identify «

mechanisms permitting the sympatry of anadromous and

resident salmon. Counting fences were maintained at the

mouth of Wings Brook, Navg{oundlund, and at the outlets of

its two associated lakes. There was a lake= and seaward

- intensifying over a 6-8 week period during spring when smolt

" emigrated from the lakes. Lacustrine parr returned to the

stream following either maturation (usually males) or
smoltification (predominantly females). Lakes contributed
87-100% of the a&.\utem'a smolt production, provided

- conditions for increased parr growth and survival, and .

represented important overwintering habitat. Lakeward
migrations appear to be innately controlled but regulated by
the environment. My observations support the hypothesis .

S. salar

that co- ing and
phenotypic polymorphism within a single population.
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. . Chapter 1

™ ' 1NTRODUCTION

Miqrations in'fishes are thought to be adaptive
pifenomena requisite o the enhancement of an-individual's
reproductive fitniss through increased growth and survival
(Heape }931; Nikol'skii 1963; -Harden Jones 1968; Northcote
1978, 1984J. The heterogéneity of habitats in time and space
allows,organisms 1iving in seasonally fluctuating
anviTusRaNER ta adBpE thone tEsteyten that wild misituide an
individual's overall fitness.

The Salmonidae are an appropriate group in which to
study migratory strategies because of ‘the wide spectrum of
migratory tendencies exhibited by itsgmembers (Hoar 1976).
Two life history forms dominate the phenotypic milieu of
many species within the Salmoninaa. (salmon, trout; char). .
The anadromous migrant form inhabits rivers and/or lakes
during the juvenile stages prior to(@ seawara migration.
These fish subsequently feed and usually mature at sea

before retufhing to their natal streams to spawn.




Freshwater resident forms do not migrate,to sea. This can
be due to physical barriers within the stream that prevent .
either seaward movement or successful return to the spawning

grounds. . Anadromous and resident forms of sockeye salmon,

Oncorhynchus nerka (Ricker 1940; McCart 1970), Atlantic

salmon, Salmo salar (Berg 1948; Leggett and Power 1969), and~

. sArctic char, Salvelinus alpinus (Nordeng 1983), frequently

occur sympatrically.

Movements undertaken during juvenile stages will
ultimately affect overall fitness if the habitats involved
are sufficiently heterogeneous to impart differential growth
and survival. This is an important consideration from both
4 management and an ecological perspective. Successful
management and preservation of a species is contingent upon
thorough knowledge of the habitats used by that species
throughout its life. For migrating salmonids, it is
necessary to identify the causal mechanisms responsible for
initiating various movement patterns, and to assess the
importance of these movements to a sﬁecies' prod\lctieni )
From an ecological perspective, varying patterns of
migration can strongly influence life history strategies
+(Hutchings and Morris$ 1985). A study of movement patterns
can lead to a comprehensive analysis as to how these

strategies may arise and persist-through time. Thus, the




nature of the selective 1 y favouring and

residency can be examined by evaluating the consequences of

adopting different migratory strategies.

It is within these practical and conceptual frameworks

that I have studied the freshwater movements of juvenile
Atlantic salwon. My objectives are o (1) examine the
movements ‘of juvenile salmon inte and out of lakes, (2)
asgess the importance of lacustrine habitat to Atlantic
salmon production, aLd (3) identify mechanisms allowing for
the sympatry of hn.d;omns and resident forms.

The Atlantic salmon (Salmo salar Linmaeus 1768) occurs

in both the and i forms

throughout its geographical range (see Berg1948; Scott and
Crossman 1973; Ros 1981; C6té et al. - 1984). The anadromous

form matures at sea following a 1 to 8 year residence in

fresh water, and returns to its natal stream to spawn.

Freshwater resident salmon, or cuananiche (the Montagnais
Indian name for this fish), complete their entire life cycle

« ,
in fresh water:

The Atlantic salmon is indigenous to the basin of the '

North Atlantic Ocean (Berg 1948; Nielson 1961; Scott and
Crossman 1973). Its Atlantic range extends from the
Kapisigdlit River, Greenland, and numerous Icelandic rivers

southward to the Douro River, Portugal, in the east and to

A

|
| Toa
| . .
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the Connecticut River, U.S.A., in the west. Its
1ongitudinal range extends eastward to the Kara River,
U.S.S.R., and westwarg to the Kogaluk River on the eastern
shore o'f Hudson Bay, Canada. Until the late nineteenth
century, thevm:lantic salmon also occurred throughout the
rivers of Lake Ontario (Fok 1930) and as far south as.the

“Hudson River in eastern North America (Smith 1983). -

The early experimental and déscriptive work.on the life
history of Atlantic salmon was conducted in Europe,.

primarily Great Britain (inter alia Brown 1862; Paton 1898;

Calderwood 19067 Hutton 1924), Germany (MLescher—Ruscl’x

1883), Finland (Nordquist 1903, cited by Kendall 1935), and
Norway (Dahl 1910). Atlantic salmon parr, the stage ‘bezyéen
absorption of the y}nk sac and first migration to sea (Allan
and Ritter 1977), were once erroneously thought to
constitute a distinct species, Salmo salmulus (Scrope 1843).
Shaw (1836) established the falldty of this notion by
rearing salmon ova and observing the developmental stages to
maturity. He also found that the sperii’Sf magure male pafr, &)
or "precocidus” parr, could fertilize ova from adult . .

anadromous femalas. Initial life history accounts of North

American Salmo salar focussed on the ouananiche of New
England (Atkins 1884) and Quebec (Chambers 1896). They first

comprehensive description of the habits of anadromous salmon




in Canadian waters (Huntsman 1931) was.preceded by a short
series of communications from Quebec (Menzies 1925; .
Calderwood 1927), Newfoundland (Menzies 1929), Nova Scotia

(Gilpin 1866), and New Brunswick (Perley 1850, cited by

'Kendall 1935) that dealt primarily with émpirical and

anecdotal accounts regarding the spawning migration of adult
salmon. 2 . ¥ ¢

Huntsman's (1931) brief treatment of®juvenile Atlantic
salmon is testament té.the paucity of observational data

relevent to this life history stage in the first part of the

© tWeRtieth century. “Kendall's (1935) discussion of parr was

limited to length/age data at amom.ncauon the
physlnlologicll process undertaken by parr Lmediat:ely prior
to their first seaward ‘migration) for a few New England *
rivers - He noted that "of this stage [parr] in our rivers
very little has been observed” -(Kendall 1935:55), a

statement that arguably reflects dur present knowledge .of

i juvenile freshwater moveifents. F -
B

Kalleberg (1958) and Keenleyside and Yamamoto (1962)

* established the fact that parr maintain territories over’

stream’substrate in riffles’ pgimarily for feeding on
LN » .

1. Riffles are shallow (5-25 cm) stream lecuonn of moderate
current (>40 cms ). g 2




invertebrates drifting \in the water column. Once these

ferritories fave been established in the spring, there is a

strong tendancy for pasr to remain in their territories  ° ' .
throughout the growing season (Saunders ‘and'Gee 1964 .

i v
Eulleid 1973). There is evidence to suggest, however, that “ ,

instream movement does occur petween riffle and pool .

nabitats due to eitherfluctuating vater\levels (Saunder&===,
and Gee 1964) or changes in body;si:e (S%m'\s and Heland
w78y, . e - -

Present knowledge of the freshwiter d il
movements/migrations’ by Atlantic salmon parr is based upon
research that is largely descriptive in natufe with little * =~ -

emphasis on the, i.dentfificatiomof causal mechanisms. This

. can be attribnted to the fact that few studies have been -~

_initiated With the purpose of =xa.|nin1l;g juvenile movements
-(nor_able%xceptions are the studies of Saunders 1960,
Saunders and Gee 1964, Buck.and Younggon 1962, and Youngson ?

et al 1933), o S B %,
. The foreqoinq consgraints notwithstanding, some

generalizations can be made regarding the movements of. ¢

juvenile Atlantic snl.mcn in fres‘h water. Parr can unden:uke EE"

regular, directed downstream movements prior to

.smoitification. Autumnalremigrationd of sexually immature

:W‘t'r £;om spawning tributaries and cdastal rivers are often




. (Huntsman 1945; Power and Shooner 1966), high parr

i ¥

. unae'ztaxen by individuals that will sméltify”the ‘folTowing

uptinq (Calderwood 1906] Sapnders 1950, 1976; Meister 1962~ "

‘Pyefinch and Hills 1963; Elson et al. 1972; Youngson et
al. _1953). Precociously mature male parr are known to
participate in autumal emigratipns from tributaries of the

| 1
rivers Dee (Buck and Youngson 1982) and Bran (Mills 1964) in

Scotland, the Miramichi River in Canada (Saunders 1976),-and..

the White Sea basin in the U.S.5.R..(Mel'nikova 1970). - |
Dalley (1979) and Dalley et al. (1983) provided strong
evidence for downstream and upstream autumnal migutionn of.
precocious males to spawning grounds in Newfoundland .
Downstream spring movements of parr coincidé with the smolt '
migration in many Newfoundland rivers {Chadvick 1982a;
Gibson 1983) but the significance.ané impetus for such

movements are unknown.
‘Downstream parr movéments recurring with varying or

unknown :eguluity are known to occur £:om inlet streams

fnto lakes (Huntsman 1945; Pepper 1976) and from rivers into

tuari ( 1945; 1960; Pover nnd Shooner

1966; Chadwick,(1982a). These movémants dre thouqht to b,
mediated by. physical displacement through flood activity
‘densitisa, low vntar ].avels, and hlqh water temperatures

v

(Chnpmnn 1962; Pepper 1976, Gibion 1978a} Symons and ﬂ'elund




1978). . g . : i

. Atlantic salmon parr of anadromous parents occur
naturally in ponds and Yakes throughout NeWfoundland (PeppeE
19767 Chadwick 1982b), apd in southwestern Nova Scotia (R.

_ L. Saunders, personal vi:omunicatlon), however, exceedingly
‘little is known about lakéward movements by juvenue ’
salmon. Pepper (I976) reported .a movement of one- to
four-year-old parr from two inlet streams into a lake in
central llewimm;iland. Stuart (1957) noted that salmon parr.
accompany juvenile brown trout, Salmo trutta,-in a spring

Y opstrean wigeation MEvh & Wenimsde: sesevoLE thte an.afee

stream, returning to the reservoir in autumn. Lakeward

movements from outlet streams special 1

because of the active, directed nature of the migration,
i.e. they cannot be simply displaced irto the lake by .
np-ta;. There are no published accounts’ of such movement by
juvenile Atlantic salmon althouqh’pgriodic trapping of smolt '
'at lake outlets indicates that’ such movement does occur,
(ﬁeype: 19761"\chadwick 1982a). | T
Ptedictlnq. the potential size of parr, pop\llatinns (\ i
impartunt component in nleuinq production) g customuzuy N\
done by quantifying suitable stream habitat (Elson 1975).
Utilization of lakes’by juvenile salmon reduces the -

predictive power of stream-oriented models. The importance
B h




Atlantic

under nxua:\x conducted my ralearch.

1mon, however, is not known, This is the p:nnilc\ :




\ _——

Wings Brook and its associated lakes.- Wings Pond and

Bluehill Pond - are located within Terra Nova National Park '

“(T.N.N.P.) in northeastern Newfoundland. (Fﬁ!q. 1). The park

lies entirely on Precambrian rock (Baird 1966) and.was

atic-.conditions are largely med‘iated by \
. the co’m Labrador current. The winters are moderately cold |
4 and the summers warm (e.g. mean. maximum 1983 Jahuary and
July air temperatures were -1.0° C and 22.9° ¢
i respectively). " The lakes are generally ice-free from
mid-April until lab-Decembor. Total precipitation for 195
i wasv4.4 m, *30% of which fell as rain.

. . *.mhe gutlets of Wings Pond and Bluehill Pond have been

named Upper Wings Brook and Bluehill Brook. TRese-second

Fiasn-




order (Hofton 1932) streams converge to form the main stem
of Wings Brook 1.03 km from its mouth. The brook flows into

_a small (0.8 ha), shallow. (z, =0,60 m), soft-battomed
Sl T

‘mean’

<
basin,. Wings Brook Cove, before emptying into a deep
423,34.0 m) and exparisive (lengtn=6.0 kn, widthy, 0.5 km)
estuary, the southwestern arm of Alexander Bay (Bonavista, _-

“-Bay). Salinity data indicate that fresh water extends only ~

slightly past the brook's mouth where it penetrates to a

" depth of about 50 ‘cm. (subject to tidal conditions). The

halocline gradually deepens upriver into Wings Brook Cove

which is fre;h in the absence of strong southwest winds. A
mid-summer Halocline and thermocline exist in Southwest Atm
‘at depths of 4-5 m (salinity range: 17.5-19.0 ppt supface to

% .
27.0-29.0 ppt bottom [16.0 m]; temperature range:

(17:0-18.0°C -surfdce to 4.0-4.5°% bottom)| Southwest Am
‘becomes Alexander ‘Bay proper 12.3 km east of Wings Brook:

Water temperatures throughout Wings Brook and its

* tributaries ranged over 0-25°C from May ‘2i-November 22,

1982, and over 6.0-27.5°C from Miy S-September 29, 1983.

Daily water temperature maxima were generally 5-7°C-higher
“than their corresponding minima although-diffeérences in

excess 6f 10°C did occur.” Minimum and maximum stream




. . ‘ -12 -

discharge rates during the 1982 field season were 0.14-1.10 °

; | 1 3

/0.07-0.81 m® ™%, and 0.05-0.70 m

1 for wings

‘Brook, Upper Winds Brook, and Bluehill Brook respectively.

Wings Brook, its tributaries, Wings Pond, and Bluehill
Pond are collectively referred to a;s the Wings Brook.
system. < « : .

The fluvial environment of the Wings Brook system is
siall (#able 1j¥in cenparidon with Most rivers supporting
Atlantic salmon (see Porter et al. 1974). Stream water
depths rarely exceed 60 cm. Short stretches of rapids exist

in \parts of the river but vertical\hpights in excess of 40
P

cm are absent. Shallow, riffle 3%) and run‘(].Zl) sectiong

are abundant whereas deeper pool habitat is scarce (water

type terminology follows Rimmer et al. [1983]). Bottom

“substrate is predominantly cobble/pebble (16-256 mm

diameter) although a 20 m section of Bluehill Brook is
comprised wholly of sand (0.06-2.00 mm diameter).
Anio;n/cauon concentrations, pH, alkalinity, hardness,
turbidity, and specific conductivity are well within the
normal range of values associated with rivers throughout

insular Newfoundland (Murray and Harmon 1969; Department of

. Eisheries and Oceans, St. John's, unpublished data).

Riparian on provides iderable shade

the river's length. Plants providing cover include the




.clams, Margaritifera /margaritifera, are abundant in the

- 13 -

‘

speckled alder, Alnus rugosa, black spruce, Picea mariana, .

mountain maple, Acer sgicatum, and a‘variety of grasses and ¥
=== |
shrubs. Extremely layge (80-100 mm length) freshwater|
|

upper reaches of Upper Wings Brook.

2.2 Bluehill Pond '

Bluehill Pond is a large (128 ha) lake with two /

distinct basins connected by a long; shallow channmel. The
north basin, Bluehill North, is much smaller (16.4 ha;

=2.65 m; z, =10.5 m) than the south basin, Bluehill -

.23 my Zn, -22 6 m). - Bluehill ‘North - [

South (111.4 ha; zmeu

lacks sufficient depth to petmit: formation of a hypolxmnion
whereas a thermoclihe is present in Bluehill South™at depths
of 9-11 m. Kerekes (1974) described the limnological

conditions of Bluehill Pond based on data collected in 1969 :

.and 1970. Surface water temperatures did not exceed 18.0°C

in 1969 and 1982 in either basin. A comparison of the
1969-70 Bluehill North and 1982-83 Bluehill outlet data

revealed little change in the chemical parameters measured

in both studles, (i.e. ca?*, 50,77, c17)) specific
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LY & conductivity, pH, total alkalinity) over the 12-14 yr

. period. The exceptions wers sulphate and"hydrogen don

concentrations.” The former dec:easea from 4.2 mg 17% in

1969 to 1.6 ing 17% 1;49&2 The surface waters of Bluehill
Pond increa: /ed/i/n acldity\as the pH décreased from'an
averag(of 6.9140.10 (n=9) \in 1969 o 6.45£0.20 (n=11) and
6.37£0.13 (n=3) in 1982 ana\l

1983 respectively. Small
intermittant streams empty into the lake. The shorelirie is
mostly 'bedrock with a fewtsand beache‘s. Rooted aquatic

vegetation (predominantly Nuphar variegatun) grows in the

littoral zone of Bluehxll North. Bluehill Pond supports fish®

. populations of anadromous salmon and ouananiche, anadromous
s and non-anadromous. brook char, Salvelinus fontinalis,

non-anadromous Arctic char, S. alpinus, anadromous rainbow

smelt, Osmerus mordax, and Américan eel, Anguilla Fostrata.
A log jam, consisting of very large trees that had been

cut at least 25 years ago, was located at the mouth of

Bluehill Pond. Data collected in 1982 suggested that these.
logs were preventing'fish passage from lake to outlet at low

water levels. To test this hypothesis, the log jam was

removed on May 19, 1983.
W L2 -
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Wings PAond (121.2°ha; z, 0 =7.2 m; 2, =19.5 m) is

similar in size to Bluehill Pond but is morphometry is
quite dygferenr.. Wings Pond is a single-basin, rectangular

o lake with a bottom that deepens gxadually around its

periphe Thy waters of Little Wings Pond to the south and
Jay Poj he north drain into Wings Pond before floying

down Upper Wings Brook at the northwest ‘corner of the lake.

\Despite its depth, Wings Pond does not thermally stratify.
The lake is open to fzeé\xen:, strong onshore (ocean) winds,

‘and the resujtant wind-induced mixing probahly precludes

formation of a thermocline. Water temperatures in July,

1982, %41d ot exceed 20.0°C at the surface and 14.0°C at the

b, £ ¥
bottom. The boulder-strewn shoreline. il interrupted by two

“sandy beaches on' the fern and n shores.

Wager chemistry data recorded at the mouth of the lake in
1982 and 1983 indicate that the-chemistry of Wings Pond is
similar to that of Bluehill Pond (Table 2). The .chemical
parameter values (Table 2) measured at both lake outlets are
in close, agreement with those reported from five water
basins in Terra Nova National Park (Kerekes 1974). Btensive

bog occurs alQng the westexn ahox’e with black spruce
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dominating the remaining shoreline. Nuphar variegatum is -

présent near the outlet and along much of the western half

of the north shore. Wings Pond supports populations.of

anadromous salmon and ouananiche, anadromous and

brook char, rainbow smelt, -
Americap eel, three-spine stickleback, Casterosteus

culeatus, and four-spiff® stickleback,. Apeltes guadracus.
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MATERIALS AND METHODS

A Counting Fence Collections:

Two-way fish counting fences (Anderson and McDonald

1978) were installeq at the‘mouth of  Wings Ercok and at the
lake outleta (Fig. 1). The traps permitted enumeration of

Ty all ﬂah moving upstream and downstream at each site. _Traps

were normally checked 1 to'3 mes-dally on a continual
. —_—

basis from May through November, 1962, and Hay.mober,\

—_—
1983, (see Table 3.for dates of trap installation and
removal). The lower trap (located at the mouth of the
brook) vas inoperative from October 2-4, 1982, due to heavy
rains and high water levels.
“Trap efficiency is aependein: upon the nature of the

fence material that extends from the trap entrances to the

-#ivér banks. Galvanized fencing (6 mm? square mesh).was ~ -

installed at the lake .traps and used in conjunction with




steel conduit at the lower trap. - The conduit were nommally |

lined with black polyethylene except during periods of very

high stream discharge. All traps were 100% efficient in

capturing fish greater than 8 mm in thickness although the

\lower trap capturéd all fish when polyethelang was used.

(An 8 mm body depth corresponds roughly to a salmonine fork

length of 40.mm; Scott and Crossman 1973.) -

Salmon parr and brook char were counted, measured (td
the nearest 1 mm), and -weighéd (to the nearest 0.1 g) under
anaesthietic. Two tablets of Alka-Seltzer (acetylsalidylic’
acid 648 mg, sodiun bicarbonate 3800 mg, citric acid 2000
ng) dissolved in 6-8 litres of water anaesthetized £ish by ,

C0, saturation in about two.minutes. Subsequent recovery .

. was Tapid and no deleterious effects were discernible. All

fish were released in their original direction of travel

following “recovery. All other fish species were enumerated,

..and_were measured to the nearest 1 mm.

Scale samples were removed from the left side between
the base of the dorsal fin and the lateral line, mounted on
acetate slides in the field, and stored in labeiled

envelopes. Bcales were aged under 40X magnification using a
Bausch and Lomb microprojector, following criteria '

established by Havey (1959). Lengths at earlier ages were

-.calculated using lLee's (1920) formula: ® '

. . A




£fish at capbu:e. sn' u the scale rad:.un age n, Sc is the

and a is the intarcept’ o'f the body

scile radius at cnptur

distance from the. focus' to the " scale udge u].ong fhe\kmge\
oral radius (uqanll und Tesch 1575). .The use of Lee's - °
formla is preferable to the so-called "regression”. methods
that calculate length from the body-scale relationship alone
* because {t ‘Corrects foi differential scale size on a given
nsnrand’ for the fact that not all fish of the same length %
in a population have scales ‘of eqial sizes (Carlander 1981).

Lee's formula assumes that body qrovth is directly

proportional to scale growth, an assumption which Hile's
* (1970) study supports. This method is also ‘the most
comnnl}, employed, thus mkmg it useful for Jompnxative )
pn;poses. Age determinations were xniuauy done by one )
person. (The 1982 and 1983 samples were read by differept

2. Age as used here is not the true demographic age of the
fish but is designated by reference to the annual marks £
annuli - on the scales such that the time between lllcce!llvc
periods of rapid qzwth equals one year.

Je
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individuals.) Several hundred samples from each year were

re-read by qualified personnel of the Northwest Atlantic

* Fisheries Centre, St. John's, Newfoundland.

All salmon parr and brook chir moving at the laké .

" butlets were marked with partial fin clips to determine the

period of.residency in the lakes and river following 1nit_ial

moveme¥it into the\se environments. E}n clips used were as

£ollows:
v : : \
upstream at Wings Pd - adipose, upper caudal ” .
. upstream at Bluehill Pd - lower caudal- ”
downstream at Wings Pd - left pelvic, adipose
- downstream at Bluehill PA - right pelvic, upper caudal

During the spawning run period (arbitrarily defined as

Octéber 5 to November 23 on'the basis of movement patterns

and sexual condition of £ish) the fotlowing fin clips wers .
used: W €

‘upstream at both lakes - adipose . o
downstream at Wings Pd - left pelvic .
downstream at Bluehill Pd - right pelvic

salmon smolt’ were counted but not physically handled -

during the 1982 field season. In 1983, smolt emigrating

from the.lakes vers marked with either a left (Wings Pond):

" 3. Pully silvered salmon on their first seaward migration,




| weré removed from a sample of us .meir. and axmined

or. right (Bluehill Pond) half pelvic fin clip. This was E

-+ done to determine the.. pxopoztlon of smoit migrating to sea “. .

that oriqinatnd in the lakes. Smolt were meaaured, ﬁelghed o .

and aged following the p:on:edurea outlined for parr. Gpnads ~

macruucaplcnlly. ] 2 e e i
H

3.2 Physical and Chemical E i :

3.2.1 Physical Data . 5 = -

Maximun/mininum thermometers locited at each'of the - *
three trap sites provided a daily. record of water <
temperatures. - Stream water levels were monitored at each

site using metre sticks either attached to the traps or

embedded - in the stream baily air.
and precipitation vere measured at Terra Nova National

Pax‘k‘l meteorological station located abcut 8 km from the

Autudy area. y 3

{The diicharges &%. mnqs ‘Brook ma its tributariesvare o v 4

detemined th:uuqhout the study perlad, usually AE‘ very high

-ang rlw water levels, to determine maximum and minimum £low

° Measurements were made at gach of the lake outlets
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at their confluence and immediately above the lower trap at
:ne moith of W;ngs Brook. Discharge is & function of the
“vater. veloéity and the cross-sectichal area of the stream
and was calculated using the equation (Davis 193§)

~ s

D 2 wdal/e, ™" i

liher(e D = discharge, w = stream width, d = mean stream
depth, a. = frictich coefficieht, and 1 ¥ the distance over
which a,floating quec: travels in time t.  The friction }
coef‘ficent equals o 8 if the stream bed is rough and 0.9 if
it is smooth e.g. ' mud, bedrock (Hynes 1970), A walue of 0.8
was-used for Wings Brook and its tributaries. .

Surface current velocity was measuxed by timing the
dcwnstxeam passage of arrubber ball over a distance of four
metres (tive replicates). Ctol -sectional areas were
determined along three transects located at the extreme

upstream and downstx‘eam points and at the mid=point of the 4

“m section. Mean depth was calculated from the following

equation using measurements (n) taken at 1/4 (d)i 1/2 (d,),

7 and’3/4 (d;) of the stream width: .

d=(a+da+d)/(n+1)
2 2 2 3 >

&« 2 i -




Discharges: at each of the .thpée transverse séctions were e
" averaged ‘r*; determine a discharge value for a_particular
station. f . ’

- . * Kerekes (1974) used an electronic depth recorder ta

- ¢ompile hathymeu-ic data on Bluehill Pond. The morphemetry

of Wings Pondy ‘however, was unknown. Attemp:s to duplicate

o Kerekes procedure were thwarted by aquipment malfunctions,

like remoteness, and. ve weather/water

. . conditions. ConsaGERHELY e work was dorie during the . * .
C havetl hoseslesof diagonal transects (n=14) and . ¢ K
corresponding compass headinqs were ‘established 3 priori and -
‘Plotted onto a map drawn from an aerial photograph of Wings

Pond. 2n ice suger was used to cit holes (i150) at 60m ) -
intervals along each transect with she exception of openings
- made 3manid 10 m from shore. .. Depths* ve:e recorded at each

auger site using a calibrated lead line. Surface ‘azén was

calculated using a planimeter and lake volune was deternined .

by planimetric integration-(Lind 1979). Mean depth equals ~
vol\une X (area)t.’ e

3.2.2 Water Chemistry

Bl Water samples were ‘collected for che{nicnl: analysis

. throughout  the 1982 field ss'agon»fzom both riverine and




Sacusbzing waters: *Bimplss were refrigérated 1 to 14 days
prior to analysis, which was done’st the Water Analysis
Facility of Memonal Un).vetsity.

Stream samples were' collected on a weekly basis from
June.8 .to September- 28 immediately above each trap.
Concentrations of vcalcium, nitrate, total pnos?horus,r_\
sulphate, and chloride were determined in addition to fotal
hardness, specific conductivity, turbidity, total.alkalinity
and pH. Timited stream sampling conducted in 1953 provided
.data on nitrate, total ‘phosphorus, calcium, sulphate, and

hydrogen ion’ concentrations. .
: Surface water samples from Wings''Pond and the north and
. south basins of Bluehill Pond were analysed for total
: dlssolve'd soudu “(TDS) concentutions. 'rhese samples were
collected on.a weekly basis from July. 28 to Septemlter 14,.
1982, from a cance (Wings Pond) and_ by svimming (Bluehill

Pond basins) over. the deepest watexs of each basin. Water

" tempexatires,vere recorded during each sampling.
Temperature/salinity versus depth pfofiles were

< @etermined along a 500 m transect between Malady Head

{opposite the mouth of Wings Brook) and the entrance to T

mnqs Brook Cove. Menuxaments were ‘recorded from a i
conduccivlty meter and repeated on 15 accaainns along- the

Eran!ect between July 19 and August - 3, 1982 M‘. both high
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and. low tides.

3.3 Statistical Analyses

3.3.1 Influence of Envir 1 rs on
z 3 - A :

Relationships between environmental attributes and-
daily movements of parr into the lakes and .estuary were

examined using the stepwise myltiple ‘regression.analysis of

SPSSX (SPSS,Inc. 1983). Environmental parameters included’ <

~maximum and minimom daily water :empezacuées (MAXTEMP, -

MINTEMP); daily average water. level (DEPTH), daily amount of

pxecipitation (PRECIP), and the diffexence between daxly
maximum and minimum water temperatures (TEMPDIF) , an
approximation of the daily rate of temperature 1néxéas‘e.

The tolerunce criteria used to Specify variable 1nc1usiun

into the equations were -as followa. tolex‘ance valu¢ of 0.01;°

-piobability of F to enter;(PIN) value of 0.504‘probab;11ty-
of F to remove (POUT) value of 0.55.-Ts minimize bias in the

analyses, the time periods were restricted to the peak

' months of movemem: into .the laken (May,, June, July) and 1ntu‘

the estuary (my, June) . Bxplained CaE e estimated as. /°

the ‘square of the coefficierit of multiple correlation (r?)




‘classified into three categories:

adjusted for the number of independent -variables in the

equatian and the number of,cases involved (Nie et al.

Simple linear regressians 'of total scale radius with

" age were determined for both parr and smolt. ‘Parr were '

1. lacustrine parr (emigrating from the lakes into the
stream), P

riverine- parr”(enigrating from the strean into r.he

e-tuary).
3.- estuarine parr (emigrating.from -the éstuary into the

stren) . = . f
, T . S ]
|

Befou exnlning differences in parr growth! between

habitats, ‘it.was necessary to validsts the assumption that ’

the rate-at which scale radius increased with body length

was equal among individuals. This assumption was found to

“be invalid among lacustrine, riverine, and estuarine parr,

possibly due to seasonal changes in the body length-scale

radius-'ratio (the majority of riverine parr were collected

" in the spring, estuarine parr throughout the summér, and



radius regression for £ish of habitat i, and b, =

lacustrine parr in' the avtunn). Scale radii were thus .

transformed to ensure that a scale radius’for a fish in one

habitat corresponded to the same body length as an

equivalent scale radius for.a fish in an alternate.habitat.
Dita for parr were standardized to remove seasonal effects
using. the following equation: . g : i

|

=(msS + (b ‘-b))/m,
. 3 3 3.0 3508 i

“where §y = transformed scale radius: for fish of habitat j,
. 5 " -

Sy = original scale radius for fish: of habitat 3, m = slope

of body length-scale radius regression for £igh of habitaf ™’

i, mj = slope of body length-scale radius regression for

fish of habitat j, b, = y of body leng le

3
y-intercept of body length-scale radius regression for fish
of habitat 3. . ’

" Stepéise multiple regressions incrporating dummy

variables, using the SPSSX Réqlession procedure (SPSS Inc. -

1983), were employed to test for slope/intercept homogeneity
among the linear relationships of scale radius with age,
Growth during the first year of life was excluded in the

bétween-habitat comparisons because all individuals remained
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in the river during this time.  Growth rates of smidlt from‘
Wings and Bluehill Ponds were oompared in a similar
1y fashion.
Differences in the mean scale radius attained by
migrant (emigrating from'the stream into the lakes},
“iverine (emigtating from the Stream inté the estuary), and
- “mature lacustrine parr at the end.of their First winter; were™
" exemined using an analysis of variance (Sokal and RohLE; E

1981) .. Data were log, -transformed to validate the

assumption of variance homogeneity among samples. 3 v

The pnkz— functmn W= at?; where W-weight, Iflenqth,
‘and a and b are uanstants, served as.an appropriate model
for'weight as a function of length “(Ricker 1975). The
paraneters a.and b were\determined by logarithmically

. - ;

transforming’ the above equation into the form log, W =
log;ga “+ b(logy4L) - simple linear regressiors of °
y . logjgweight (g) with logglength (im) were calculated by

. - year, for each sample site, for all parr movmg in a q:.ven

* direction (upstream or downstream):.

3.4 Lake and Stream Collections of Parr
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- Collecti‘q‘ns-of salmo salar were mage from wings Pond in
1983. Lake resident parr were ‘collected using a 10 m (1.9 cm
"stretch'mesh) and a 38.5 m (5.16.7 cm stretch mesh) gill.
et set along most of the lake periphery. Both nets were
fished on five occasions (22.0-24.5 hr per set) between
September 21-29. The fish were measured, and then stored. on
crushed ice in a portable cooler immediately after capture.
Scale samples were removed for age determination (see page
£18) and séx was determined’ by mheréscopic gonadal
examination. N

Stream collections of parr were made on six occasions
between May 29 and August 17, 1982, and during August 17-23,
1983, from four sections of Wings Brook. Two sedtians were
Toustes L00-300 1 EboVE Hhes TovaE CoUNEIAG FNCE OVeE
substrate comprised largely (85%8) of cobble/pebble/rubble
(lower seétion) and boulder/bedrock/rubble (see Hynes 1970
.for terminology). Sections were also sampled midway between
the junction of the tributaries and each of the lakes.
Substrate randed from pebbles to boulders at’the Bluehill

Brook site and the Upper Wings Brook section was comprised

primarily (808) of cobble, pebble, and rubble. Each secti
was subdivided into three electrofishing stations varying
30-50 m in length. Stations were blocked at their upstream:
and downstream ends by barrier nets (7 mm squnre‘mesh)..

\
|

Lose
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Parr were collected with a Smith-Root back paék
electrofisher type VIII-A. Each station was completely
5 electrofished a minimum of four times through a series of _
"sweeps" £rom the downstream barrier upstream toghe upper
net along transects across the river. Chi—sq;xare tests for
goodness of £it (Sokal and,Rohlf 1981) were performed to-
determine the degree to which the parr length-frequency
. distribution of a given section.corresponded with the. .
length-frequency distribution of parr.emigrating from the
stream terminus nearest to the electrofishing stations.
Population estimates were calculated using the removal
method (zippin 1958). Biomass and population estimates were

calculated from'1982 colléctions in the same stream

sections.
" samples of ten parr from Wings Pond and lower Wi
Brook were sent to Dr. ULf Gyllensten, Department of

. Biochemistry, University of California, Berkeley,

california, USA, for sequencing of mitochondrial DNA.

3.5 Removal of Bluehill Fond Log Jam °

“pata collected during the spring of 1982 suggested that
a log jam located at the mouth of Bluehill.Pond, about 50 m
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above the counting fence, may. have been preventing salmon -
smolt from leaving the lake at low water levels. During

these periods of low dischugé, the logs were often less |
than 10 ch above the stream bed. pamwing the removal of
several logs on May 19; 1983, a’ channel approximately 3 m

wide.and 5 m long was formed. . .

< -

3.6 Stream and Lake Surveys'
‘| ‘The inlet streams of Wings and Bluehill Ponds were

:_examin_ed throughout the study period for possible use by

_ salmon: parr and ouananiche. Shallow sections along the
periphery of Wings Pond were inspected in October and.
November, 1982, to determine whether the area was being used
as spawning grounds. Wings Brook and fts Cributaries were

irepeatedly surveyed for a variety of reasons, including
observations of spawning activities, mapping of stream.

substrate, and descriptions of. surrounding flora.

1
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4.1 Migrations—in Fresh Water 5 2

Salmo salar undertake migrations of varying complexity

between estuarine, riverine, and lacustrine environments.

" The dynami@s of these migrations (i.e. seasonality,

" magnitude, causal mechanisms, life history stages involved)

are sufficiently unique to warrant separate. treatmént for '

-
movements into and out of the stream. The following
“sections are subdivided to- describe movements at the

lake/stream and stream/estuary confluences.

4.1.1 Emigration From’Stream )

) b '
4.1.1.1 Lakeward movements .

Lakeward movements by salmon parr from the outlet

. §
streams occurred throughout both field s
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L . "~ early-May th:m}gh late;N‘ovlen\ber; at varying levels of
intensity (Fig. \2‘1. The magnitude. of these mévements was . *
greatest during a\7-8 week pezxoé from mid-May to mid-July
and during the spa\jminq season in October and November. iIn -

1982,64,8% (n=166) and.2s. 0% (n=64) of the total parr
- mevemem: into Wings Pond occurred during these spring (from

. “commencement of trap operations to July 14) and autumn

N
(october 1 - 22) periods ectively. Spring and

autumn figures for Biuehill Fond were 84.5% (n=109) and :5.4%8 = -
YR (W=T) respgctively. The 1983 spring period accounted for

91.7% and 93.6% (n=176) of the tot TGvements
irto Wings Pond and .Bluehill Rond respectively,

n e LN

/ Parr undertaking spring lakeward movements were !

predominantly one and two years of age(Fig.'3). A" total of

six lings were in the trap at

Wings Pond (none were captured at Bluehill Pond) from May,

« 1982, to September,. 1383. The shapes of the age frequency
distributions are very similar between lake sites within
each year. Length frequency distributichs,and corresponding
mean values did not differ appreciably:either between or

N within sampling sites' “(Pig. 4). ; .
The trap at Wings Pond was checked twice daily on 53
H * occasions‘between May 15 and Septemhe: 1, 1983, to detemlne

the, a;el \ltiming of lakeward movements. Initial trap checks -

- ® W



wére conducted between 0700 and 1000h, followed by a second
cinsus’l %o 4 howid later. ‘Mot ‘b the movesent waE diurnal,
(518%). Given the 7 to 11 — daylight following the
second' census, this pexcgnca‘ge Yo o otiikin value. The
following counts of parr’in the upstream trap on May 28

exemplify the diurnal’aspect of ‘lakeward moveinents: 0900h -

1 parr; 1155h - 16 parr; 1235h - 11 farr: 1300 =12 parrs
1330h - 5 parr.
Environmental parameters (see page 25) explained only a ™

- small proportion (8.1%; p>. osj of the variance in daily parr -

movements into Bluehill Pond in both 1982 and 1983. Orders
were as follows: 1982 - TEMPDIF, MINWATER, DEPTH, PRECIP;
1983 - HI‘NWATB!, DEPTH, TEMPDIF, PRECIP. DEPTH and TEMPDIF
explained 27.8|.(p<.0001) and 7.5% (p=.043) of the variance
-in daily parrAmDvementﬁ into Wings Pond during 1982 and 1983
respectively. = TEMPDIF had the higher partial correlation

with the criterion variable in 1982 whereas DEPTH explained

the greater variation in 1983. Low r% values (Table 4
significant values vere effected by outliers) reiterate the
negligible proportions of variation in parr movements
explained by environmental 4£act?rs. K LT
Lakeward moveménts were directed and mon-random. Nome

of the parr moving into the lakes in 1983 had re-entered the
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brook by Octobér. In 1982, 2.6% and 20.0% of .the parr,moving
into Wings and Bluehill Ponds respectively re~entered the
outlet streams prior to the spa{ming period. 'Recaptures '

- oceurred during the fiTst'month of trap op\szationa and cin
pmbamy be attributed to the practice of et parr to ’
stream sactmna of moderate water velocity Jmmeﬂiutely above
the entrance to the downstrean trap: ALl tecaptures were

made thhin three days of cli} 5% withi ingl

day) suggesting. that parr ‘were carried into the downstréam'
trap by the current, po!sl.bly as a result of fatigue and/ot
disorientagion. Parx weré aubsequently réléased directly |

" into the lakes : “the of ‘lakeward nigrating

parr ceased. ) B

‘Sexually maturé males comprised 92.2% of the 64 parr_ \
moving into Wings Pond-during ‘the 1982 spawning season. The
sex of the remaining 7.8% was_unknown. Males were in a
Bpendan or spent condition (Jones lsss), ana occuu—ed in
the following age frequencies: 1+ = 8.88, 2+ - za_.5\, 3 -
35.3%, 4+ - 29.4%, 5+ - 3.08. Twenty-six spent males
returned to Wings Pond the foll‘uwing spring.

Salmon kelt? moved into Wings Pond’ foliowing the 1982
spawning season. There were two (55.0-56.0 cm FL) kelt in

4. Spent 'or spawned-out anadromous salmon.

\

\
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thiee (49.2-55.7 cm FL) in the ‘laké proper.from SeptembBer

18-24 in 1983, Kelt did not emigrate from Bluehill Pond.

4.1.1.2 Seaward movements 4 S

Brook into Sou!

the 1982:and 1983 field seasons (Fig

salmon parr and smolt will be treatéd separately.

Parr . s - T

The number of parr moving inte the.estuary exceeded «;he
o
sum total of lakeward migrating parr (Table ). The ‘bulk of

this' moveﬂent occurred during May and June (Fi

). -

The lengths of parr moving into the estuary prior to

the spawning season were normally distfibuted about means’
81 mm (1982) and 76 mm (1983) (Pig. 6). These fish were
predominantly one and two years of age (Fig. 7). The length.
frequency distribution of parr emigrating throughout the
1982 spawning ‘period had no obvious modal structure about a

=122) of these autumn

mean of 115 mm. A s[mple (58.28; n

migrating parr weére Sexed and all were either ripe or spent
g °

males. ‘A few. of ‘these males had ‘left Wings (n=9) and

Bluehill (n=3) Ponds within the previous month.

). The.emigration of ..




Parr . was predo 1y no 1

trap checks accounted for less than nhe—’qiunu of all:
migrir.xng parr: 23.5¢ in 1982 anrl 20.6% in 1983. ¥ =

Few parr moving Lnto the .elr_llnry had’ left either of the

lakes within the y

Only one parr from eac!

the 1982 spav‘miﬁq iaalnn. There were no auch recnptux‘es ‘of

! lake-emqrat‘ing pnzr in 1983.. -

‘The variables DEPTH, mm'nm, nm-rpz, in da:c:nding' 2

_order of explllncd vnunce, accounted for 40.3% (p<. 0001)’

Lof ‘the variance in'daily pair movements into the- e!tuaty

.dutlng -1982 The cmblnatinn and rankinq of MINWATER,

HAqum, DEPTH comprised 59. 2\ (3

10001)- of thé explained
variance i 1983 parr 5.  All three envi tal

paxanetexl vere positively correlated with dnly parr

movemenca -

Three female ﬂuanniche entered the estuary in early

- ‘uvenber, 1982. All were spent. Dn! (19. 2 mm) had wiqllted

from Wings Pond, and the other two (27. 7 lnd 31.2 mm) came,

£rom Bluehill Fond.. Tt vas apparent during handling of thése

£sh that they were phy%ically very weak.

Smclt ‘ ¢ .

Migratidns occurred primarily over 56 weeks in May, and

',n'me with the bulk of the movement completed by July (Fig.




e totul smelt pxoduction) autumnal

unt;:.l 1 3 in 1982.

Therewas no evidence-of.an autimnal run in 1983 ‘although
three smolt were enurierated at the.countin§ fence en
 september 2. oge T ' B, e s

The Hlngs Btnok sj{at_em pl‘cduced 334. and 747 smolt “in

1982 and 1983 :espectively. Smolt encereﬂ the upper

“tributaries in large mm\.bers from both wings and ‘Bluehill

““.Ponds (Table 5). ‘fhe number of smolt enugratinq from the

_lakes exceeded the numbef ehtering the estuary ifi ‘1962, The
lakes contributed 86.7% of the total smolt production of the
system in'1983.  °° : |

Smolt leavxng Bluehill Pond were significantly (p<.05;
‘Student s t- -test) older, (4.8 yr) than those leaving Wings-

20116 (4.0 yr). The ages of Hings Pond smolt were normally

distributed whereas those from Bluehill‘l’on‘d approached a
platykurtic distribution with age classes 4. £5 6 represented
almost, equally (Pig. 8). Smolt leaving Bluehill Pond
averaged 202 mm FL in length as compared with_ 164 mm FL for
those, leaving Wings Pond (Fig. 9). The sex,ratio of smolt
sampled at the lower counting fende vas skewed in favour of

females by 6.4:1.0.
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Ninety:—'ehjht ‘smolt enumerated at the lower coun:ing
gence in 1983 had not been previously marked with 4 fin cup

umucanve of lake oziqxn) l Their age distributfon was as

follow: 2 YE - 3.6%, 3 yr 4 3048, 4 yr - 44.63, s'yr -
ovs1, \ d

19:6%, 6 yro- 0.08, 7 yr - 1\88. The incidence of unmarked -

. smolt decreased from 100% one \day after the akpetimeht began .

(May 6) to 21% on May-20 Eefore reaching a raté, of 163

uvetaged over the first two weeks, of June. The first marked
i
smolt was captured on May 11. °~ o N \.\

The majority of smolt entered the lover trap fzum

1600-0700h. A relatively small percentage.of ‘the I, p—

_(25.7% in 1982; 16.7% in 1983) was collected subsequent to

R

the initial daily trap checks conducted at appréximately.’
0800h. ’ ’

4.1.2 Inmigration Into. Stream

4.1.2.1 Movement from lakes into stream

‘Parr movement. into éhe outlet streams was infrequent
uring the spring and summer ﬁom:r!s,'and involved few
individuals (Figs. 10, 11). Peak periods of emigration were
not evident as the relative intensity of-these movements was
uniformly low (Fig..10). These fish ranged from 1-3 yr in




age and their length E:e;;uen‘cy aistributions ladked-a.
clearly defined peak (Fig. 11). :

The apparent randomness assccxated _with these
intermittent pre-spawning emigrations contrasts sl

the timing and magnitude ‘of the autumnal movement of parr

_into the streams. Par: Ellu.qratxon from both lakes'increased
substantially auring the second week of Octobex, reachlng
peak magnitudes by the end of the month béfore tapering off
during the secona\ and thira weeks of November- (Fig. 10)-
Parr emigrating from Wings Pond included 764 sexually mature
males -(mean 1enqéi.\— 13:4 cm [7.0-24.7 cm]) and 10 sexually
mature females (mea\n 1ength - 35.8 cm [15.3-52.3 cm!). The

" smallest femalé (15.3 cm; 40.9 g) contained 49 fully
developed eggs. The spawning migration from Bluehill Pond

included. 301 mature yal.es (mean length - 13.9 cm [7.6-22.7

cm]) and .10 mature fdmales (mean length - 25.4 cm [22.0-31.2

em]). Fin clipping d\ata indicated that at least 6:
(12.0-16.6 cm) of the 480 precociously mature males from
Wings Pond migrated- as|smolt the.following' spring.

Smolt did not emigrate from Bluehill Pond in 1982 when
water levels (measured at the counting fence) fell below
:22.0 cm although smolt de:e leaving Wings Pand during the
same time period. The n\mbex of smolt leaving Bluehill Pond
increased 5238 (relative to the 1982 total) upon removal of

\
\




the log jam"in May, 1983. This compares'with the 42%

* increase in smolt emigrating from Wings Pond over.the same

" time period:

Smolt were collected at the lake outlets immediately
after trap installation. Maximun daily stream water
temperatures varied from 7.0-11.0°C. These emigrations were
five wéeks in duration. The runs were completed by June 30,
1982, and Juie 15, 1983. Timing of the siolt yuns was

similar between lakes within each year.

4.1.2.2 Movément from estuary into stream

The 1982 and 1983 upstream runs of Salmo salar into

Wings Brook from Southwest Arm were each dominated by

.different life history stages, The few grilse that entered

" Wings Brook did so in 1982 when exceedingly few parr .. ¢ -+ °
"emigrated from the estuary (Table 5). Alternately, the

. substantive 1983 run was solely parr.

A maximun of 9 grilse and a minimum of 2 previous
spawners migrated into Wings Brook in 1982. The migration
began July 6 and ended September 22, and most adults had
entered the brook by the third week of July. ALl but three
f£ish had been scarred by gill nets.

The designation of grilse was originally made using a
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length criterion considered to be reliable in separating
one-sea-winter (1SW) salmon from multi-sea-winter (MSW)
salmon. Adults less than or equal to 62 cm in fork length
are classified as grilse (0'Connell et al.: 1983). Fish
length was approximated using a metre stlck affixed to the
botton| of the upstream trap. Using the lengtn criterion
alone, |all returning adults were designated as gnlse.

However, scale analyses on five kelts showed that two Df

* these flsh (55.7 cm, 56:0 cm) had previously spawned (R F.7

Burfitt and D. Riche, personal observation;'Dept. Fisheries
and Oceans, P.0. Box 5667, St. John's,' Nfld ). Thus, the
length critérion is mot an unequivocal méthod of, identifying
virgin 1SW salmon. )

* Anadromous adults did not migrate into Wings Brook in
1983. None were observed either below the counting fence or
in the estuary. B .

only eight parr moved from the estuary into the brook

in 1982. They did.so sporadically throughout the summer .

A total of 89 parr en:ared he_brook ‘from“the estuary
bé(:‘ween May 10 and September 21, psl In general, movement
was high during the spring, low in\the suﬁer, and
intermediate in intensity during the'late summer/early

autunin. Fifty percent of the movement occurred between June
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12 and July 14. Parr moving prior to September averaged 69

Y moin length (range 42- 137 mm). A sample of 50 parr

contained age classes 1+ (24%), 2+ (18%), and 3+ (15!). Ten

of the 13 males entering the brook during September were

. sexually mature. These precocious males averaged 14.5 cm in

; - 3 %
LS length (range 11.0-17.6 cm).. This is the first

ion of parr on under saline (18-20 ppt)

fet _conditions. An additional seven parr moving at this time -

were immature females. '

<o v ’ 8 E
\ 4.2 Lake Collections of Salmo salar . E:

Lake collections of Salmo salar (n=62) included both

freshvater resident and anadromous migrant forms, each

. ’ \xepiesen:ed by various life history stages (Table 6). .
| parr constituted 428 of the sample. The distal portion

\ : :
of the left pelvic fin on nine mature males was comprised of

denerative tissue disfigured into,a form that would" have
*" .artsen from an earlier fin clip. The only parr prevxeuslx
Mrked with a left pelvic f£in clip were sexually mature
* males emigrating from Wings Pond during the autumn of 1982.
Thus, 50% of -the precocious male parr in this septemberkisa.‘!

\: : E
sungple had matured previously and had spawned in the out_let
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stream. \ " 5
The lazge standard deviation associated with the mean

length of immature fenale parr (ALl 6) cak he attributed CoE

to the m\:lusmn of a 26. 9 cm fish’ (the aﬁhezs measured

'9.3-9.5 cm). This particular female was aged at 6+ yr and

her stomach contained 16 yearling smelt, Osmerus mordax.

Thirty-two Salmo salar vere classified as 'reé:dual
smolt". Power (1969: 40) originally coined the term to - .-
describe "...salmon smolts that have, for one rea;on or
another, failed to migrate at the appropriate time®. The
gonads of two male residual smolt (18.7 cm; 21.4 cif, 75.0 g)

were in a maturing stater The anterior portion of the
téstes measured 7-10 mm in width, corresponding to a .

devel tal condition i ate to Jones' (1959) stages

I3 an\d III, By comparison, the testes of an immature male
are about 1 mm wide (stage I) whereas those of a fully
mature fish (stage V) completely fill the abdominal cavity.
The three kelt captured in Wings Pond were exceedingly
thin. Each contained several (7-18) atretic eggs and scale
analysis indicated a period of marine residence encompassing .

one winter.’

4.3 Stream Collections of Juvenile Salmon




B  Length frequency distributions of salmon parr collected
t'hi»oui;hou: Wings nruok‘ are.presented in Fig. 12. :

Underyea; 2 ling parr have been excluded from the bxomss ‘and -

populatian density estinates. ¥
| The lerigth frequency dxstr&butiun of parr (4:1-12.5 cm

. FL) collected in Upper Wings Brook was, significants

different from that’ of pacx moving into Wings Pond (:z2 183.3 s

2 05[16]=25 296). Biomass and populutlon density were

‘
. estimated to be 3.48 g.n 2 and 0.80 individuals n~2 .

. respectively.

- : The. length frequency distribiition of parr (5.1-11.5 cm

FL) entering Bluehill Pond varied significantly from that of
N the parr collected from Bluehill Brook (X’=125.34 >3C
g = B 05{12)=2L-026). Biomass and density estimates were 2.57 g

m~2 and 0.40 individuals m_z respectively.

The length-fxequency distributions of parr measuring

4.1-12.5 cm collected at the lower brook sites were
= ) significu‘ntly different from one another (x2229.256 > X |
.osus]‘“ .296) as was the distribution from the lower

- !ection usth that of parr entering the eutuary (x =89. 978 >
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2 - E i .
X .05[ 11726+ 296) - The upper and lower sections in lower

Wings Brook had biomass/density estimates of 1.38 ¢ m 2/0.20

individuals 2 and 2.62 g m™2/0.40 individuals m?

respectively. : . . ‘
] 'rnJree\:e}Aal smolt angled from the lower sections of -

Wiigs Brook in dirtefJuly possessed maturing gonads... THe
testes of a male (25.3 cm, 135.7.g) vere at.developmental
stnge 11. e gonads of ‘two females (22.3 ‘o, 79.79; 21,6
cn, 63.0 g) contained ova in stage 5 of exogenous .
vitellogenesis (van den Hutk and Peute 1979), i.e. these
fish ,ﬁ.a the potential to spawn during the autumn.

CIassxficatan of gonadal developmenul stages “was based

upon macroscoplc exumsna:xen.

4.4 Grovth
4.4 Growth

4.4.1 'scale Rldius'-lqa (Relationnhip :

The growth rate of lncustzine and estuarine parr was
signi ficantly (p<-0001) greater than that of tiverine parr.
. (Table 7). Regression slopes within lacustrine and estmrineih
parr di‘d not vary significantly from one another (p>.05),

although such was not the case with their’ intercept-values

i

i

{
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(p<.05).

Mean scale radius at t.l\e end of the fixut winter

‘aitfered significantly (P =25:12; $<0.01) among mature.

sigisnt; and Fiverine pave. ‘Daiisa conpariuonu using
least-significant differences betveen means I/d;cated that
mature male patt guw significantly (p<0. 051 faster in their
£irst year of life than either migrant or riverine-parr.
Higxant and riverine parr did.not differ significantly in
" growth during their first year. . i

Growth rates of smolt did not differ uxg;nificnntly
(p>.05) be:uee;l Wings and Bluehill Ponds (Table 7). .

4.4.2 weiqht-ungth Relationship

Su—-ry -u:heics of the parr veight l-nqt_h
xahth:nlhxpa are prenenced ‘in Table 8. Regzeuion slopes of
lacustrine and riverine parr increased 4% and 11%
;e-pectivél_y from 1982.to 1983. Jt s e_;iidgni that the rates
at which weight increases per unit length among the parr
types are consistent with the pattern in'the scale|

-
radius-age relationships.
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Chapter 5 By
Raft o, DISCUSSION . s
Ledt i e, T b et Ty
; o : ’
5.1 ety of Classical Life History

.
The classical life history account of the Atlantic

salmon inmrpontél, and in large part depends upon, the

* implicit that (1) nt during juvenile

stages is limited (e.g. diel "micro-migrations®) and
infrequent prior to smoltification, and (2) the young remain‘
in a fluviatile habitat throughout their freshwater phase of
Iife. That is "...parr tend Yo stay near the area in which
they were hatched...” (Jones 1959:28). The typical life
history of Salmo salar can be summarized as follows:

Atlantic salmon spawn in freshwater streams, the adults

- return to sea, the young remain in gravelly streams for 1 to

8 years, then descend to the sea_to spend one ar more years '
feéding and growing before returning to fresh water to spawn

(Scott and Crossman 1973). This is’the precept upon which
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Atlantic salmon irmes are (e.g-

" Chadwick et al. 1978) and upon which life history theorists
base their models (e.g. Schaffer and Elson 1975).
From the results of my study, it is evident that the

foregoing - ng parr

are clearly

! dnappropiiate or saluoh Dopulations inbabitisg syetens
containing lacustrine habitat. Suitable estuarine habitat
further complicates the scenario. »

My first objective was to examine juvenile movements

" /into and out-of lakes.. The migratory

described herein provide a foundation: upon which the life
‘history of Salmo salar in the Wings Brook system can be
described. This model should embody the general life

history framework of salmon inhabiting river/lake networks.
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5.2 Life History of Atlantic Salmon in Wings Brook

‘

'5.2.1 Freshwater Phase

Anadromous and resident Salmo'salar spawn in lake

5 during late-October/early-November. . The

outlet streams
young emerge from the gravel in mid-June and remain in the *
stream for at least one year following which a proportion of
all cohorts undertake upstream, lakeward movements. These

predominantly diurnal movements occur over a 7-8 week period

in the spring and are normally initiated by individuals in

- their second and third years of stream residence.

Juvenile Salmo salar remain in the ‘lakes until
maltification (predominantly females) or maturation
(usually males), whereupon they.re-enter the outlet
streams. Smolt emigrate from the lakes during the spring
(May-June). Age at smoltification ranges from 2 to 7 years.
Some smolt remain in the lakes and do not migrate. A small

proportion of these residual smolt subsequently mature.

5. The absence of spawning adults and redds around the lake

peripheries and in the inlet- streams during the autumn
argues against the use of these areas as spawning sites.
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Sexually mature S. salar enter the outlet streams in the
autunn‘ (October-November) . Age at. f.int maturity ranges from
1 (males) to 3 (females) years. Spent parr may remain in
the streu} and smoltify t.he following s?xing, or re-enter

the lake either immediately after spawning or during the

. ensuing spring.

Anadromous adult salmon return to the brook in mid-July
ds grilse. These fish spend the intervening months prior to
spawning either in deep pools within the river or inm a
lake. The majority of anadromous adults overwinter in the

lakes and migrate to sea the following spring.
: jos

.

-
5.2.2 Estuarine Phase

“Emigration of parr ‘fxo- Wings Brook into the estuary
occurs primarily during the spring. Seasonal and diel
(nocturnal) timing of this movement is chnncterinticr_of the
smolt migration. Daily movements intensify during periods
of increasing water lgvelu and water temperature. Parr °
re-enter the stream during the late-spring and late-summer.
Growth of estuarine parr exceeds that of riverine parr.

The majority of male parr aéca;\dinq Hi‘nqu Brook during
late-summer are lexu‘nlly mature. Presumably the mature

males enter the stream to dpawn in the upper tributaries.
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_ Jones (19-59) reported that ripe n].ulmn parr migrate upstream
immediately prior to and during the spawning soanon in the
Welsh Dee. % g & .

Movement of| Atlantic salmon parr into estuaries has
been recorded throughout eastern Canada. (Huntsman and Hoar
1939; Huntsman 1945; Saunders 1960; Power and Shooner 1966;
Shears 1‘985),_ however, th@ significance and impetus for such’
movements are unknown. Chu_dwick (1982a) x‘epo:_r.eid a ’
cclnc'iden: movement of parr and smolt during’the spring- x;.
Heutern Arm Brook, Newfoundland..He attxﬂhutnd this movement
to an annual 'radl!tribution' of parr in ‘a domm.!trem
direction. Euntlmn (1945) quoted unpublished data of P.F.
Elson's which indicated that freshets (periods of high
discharge) may Be important in stimulating this -ovl—ent;
Upstream movement from estuaries has been reported to occur
in some Canadian Maritime rivers (Huntsman' 1945; Saunders
1960). - o i

‘5.3 LakeWard M by Juvenile Atlantic Salmon

5.3.1 General Discussion

The movements of salmon parr between lentic and lotic




waters are migrations under the criteria set forth by

\
Northcote (1978, 1984). He defined a migration to be

directed (i.

.. non-random) movements resulting in ‘an
alternation bé:ween two or more separate habitats, ocburring'
.with regular periodicity, and involving a large Eriction of
the population\.\ Satisfying the third criterion is difficult
because of the subjectivity in determining what constitutes
a "large fraction of the population”. Also, the Fsertten
of a population actually undertaking specific migratory
patterns may be entirely dependent upon the mechanisms
motivating such movements. )

Little r ion exists on by Jjuvenile

Atlantic salmon between lentic and Jotic-waters. Stuart

(1957) noted that salmon parr accompany yearling and

two-year-old brown trout, Salmo trutta, in a spring upstream |
migration from a Scottish reservoir into'a feeder stream, ‘
returning to the reservoir in autumn. Salmon parr are known

¥o move into small inlet streams from Lake Vangsvatnet,

western Norway, during the spring and return to the lake to
overwinter (‘B..,Jonsson', personal communication in Northcote s
'1984). ‘Pepper (1976) found a similarity in scale .growth .
characteristics between smolt captured in the outlet of

Salmon Pond, Newfoundland, and parr in the pond and in an

inlet stream. He concluded that the inlet and pond served




as natal and rearing habitats Lspectively for juveniles
prior to smoltification. Parr Laptured in Salmon Pond
varied from 1 to 4 years in aqé Pepper (1976)believed
‘that lakeward movements were mediated by ‘unfavourable strean
conditions (e.g. high parr demsity, low water level, high
water temperaturd) but he did not support this assertion
"with data. L
Lakeward migrations axe not uncommon among other
‘juvenile salmonids. Rainbow trout, Salme gairdneri, enter °
lakes from natal inlet streams shoxély{f!e! emergence with
most f the movement occurring at night (NoFthcoté 1962,
1969). Upstream migrants are usually one or two years of
age, and undertake diurnal movements during the spring and
summer. Upstream movement is often positively correlated
with changes in daily water temperature (Northcote 19§9).
Lakeward migrations by juvenile rainbow trout appear to be
_determined by both genetic and environmental factors (Relso

and Northcote 1981; Kelso et al. 1981). Cutthroat trout, Ss.

clarki, migrate from lake outlets throughout the growing

season Eallowin“g a stream residence of one or two years -
(Shapley 1961). Downstream migrantsnormally leave inlet

streams as underyearlings (Benson 1960). Water temperature

and photoperiod may have rqulutéry effects on cutthroat

trout movements (Northcote 1969), but there is strong
5 i :




| evidence that lakeward migrations are largely dependent upon
innately|controlled rheotactic responses (Raleigh 1971;

Raleigh and Chapman 1971; Béwler 1975). Juvenile brown

trout, S. trutta, enter Loch Leven, Scotland, during the

winter and early spring after one or two growing seasons in
the inlet streams (Thorpe 1974). Downstream migrants at
lakes Windermere, ‘England, and oékesjé’n, Sweden, sp'end’xwo
or more years in the stream prier to migration (Gustafson
1949; Frost and Smyly 1952). Brown trout normally spend 3-4
yoars in outlet streams before migrating into Lakes Rensjon’
and Torrén, Sveden, from fune through September (Rumnstrém.
1957) . Seasonal and diel timing of upstream migrations

appear to be regulated by i in water

(Runnstrém 1957) although such factors have not been
:W/in detail. Movements by underyearling sockeye
salmon, Oncorhynchus nerka, from outlet and inlet streams
are typically diurnal and nocturnal respectively (McCart
1967) . These movements are primarily under genetic control

|
(Brannon 1967; Raleigh 1967, 1971).

5.3.2 Causal Mechanisms

Arguments used to explain freshwater migrations by

other juvenile salmonids have limited applicability to
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Atlantic salmon parr. Unlike the salmonid populations

* previously described, lakeward migrations by juvenile Salme

salar are not undertaken by all members of thé population.

‘Therefore, any hypothesis used to explain lakeward -

migrations must account for the differential responses of
individual parr to the factor(s) inducing this ROVERGHE s |
This woulri we‘aken.urguf\énf:s b'aseﬂ %x(n thr‘contention t‘halt
parr migrate simply to avoid uhfavn'ura_bla environmental
conditions (egg. high water temperatures, low water levels)
because such influences wopld’ presumably have an equivalent
effect on all individualg.’

Lakeward mgxaﬂoné by juvenile Atlantic salmon were
not induced by physical environmental factors. These
movements were at their minimum intensities when stream
water temperatures and depths were at their respective
maxina and minima. Water depth and rate of température
increase can, however, act in concert to regulate lakeward
movements. ' ) - N

Lakeward migrations could result from-intra-specific
competition’ for Timtted atresn HAbltkt Eoitable £oi the .
establishment of Eeedlng territazies. Chapman (1962) n
hypothesized that agonistic behavlnur usaociated with

competi]tion for food resources was a primary (actor‘induclnq

the dow of under unq coho ' salmon,

\




Oncorhynchus kisutch. Symons (1968, 1971) reported
~—_increased, aggression among Atlantic salmon parr with limited
food resources.. Gibson and Dickson (1984) attributed : 5w
increased growth among juvenile Salmd salar to reduced .
intra-specific. competitioh under conditions of low parr®
density and abundant food. - b

" Thehypothesis’ that lakeward migrations are mediated

through “intra~specific competition is rejected for several
! 3 ;

“reasons. First, subordinate individuals are nommally

“atsplaced in a downstream direction following agonistic P
- encaunters wlth dominant fish (Chapman 1962; Gibson 1981;

Mc“icul and ‘Noakes 1981). Second, Juvenile Atlantic salmon *

feed pnmanly on stream invertebrate drift (Wankowski and

Thorpe 1979a). Displacement of a subordinate parr in an

' @ 9. upstre;ln direction wouldlbe disadvantageous to the dominant
parr if the subordiéage was given tHE opportunity to consume .
_affood particle before-it drifted toward the dominant. Also g o
the upstream sections of outlet streams should be the v s A
preferred sites for feeding territories because drift '

T invertebrate biomass suitable as food Eor]?:arr increases

with proximity to lake outlets (Gibson and Galbraith 1975).

Third, competitve displacement of subordinate parr should be. e

.gxéatest when food supply is limiting (Symons 1971), yet

H lakeward migrations occur when food resocurces are at their
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greatest abundance (Gibson and Galbraith 1975). Furthermore,
since dominance is size-related (Kalleberg 1958; Symohs -

1968; Jenkins 1969), one would expect lakeward migrants to

be comprised of the smaller individuals within and/or

between age classes if competition is important. My data do .
. ACEYANBDOEE Hils DrefiGEion. CHOWH TALEN SE BIGEARE pevE 7 D

in their first year of life did not differ significantly

from those of riverine parr. Finally, movement in an
upstream direction (active) is energetically more demanding i
than downstream drift (passive) (Beamish 1978). This is :
. ‘illustrated in Bluehill Brook where parr must negotiate a
short seiies of rapids and relatively hish (5-10 cm) )
vertical falfs before entering Bluehill Pond. Such behaviour

is indicative of a non-random, intended movement rather than

a unintendéd displ t ;

Salmon parr may be attracted to high densities.of drift f
. ‘invertebrates in the lake effluent yntez the lake in
response to this food stimulus. However, there is little :
evl,i;nce of such a’ zaspon;e among riverine salmonids.
" Slaney (1972) found lakeward migration’of juvenile rainbow
. trout and drift demsity to be inversely related. Similarly,
- " the emigration rate of Zatnbiow; EEout L ey Er experimental
channels was low when prey density within the channels.was .

high (Slaney and Northcote 1974). Wankowski and Thorpe .

©r
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(1979a,b) thought that as optimal food particle sife for
growth incréases, salmor parr should select their feeding
habitats accordingly. fThus, large part would move into the
lake waters to exploit larger lacustrine food particles
(e.g. yearling smelt). However, parr undertaking lakeward
movements in the Wings Brook system were not significantly
larger than those remaining in the stream. FPurthermore,
Thonney (1984) found prey size and width of gape to be
unrelated for juvenile salmon and brook char in Wings Brook..

Lakeward movements may simply be an extension of '
general stream dispersal movements by salmon parr in the
spring. The magnitude of this movement would then be
density-dependent. Salmonid fry typically disperse both
upstream and downstream from their nest site following
emergence (Godin 1982). Stocking experiments have provided
circumstantial evidence that older parr may undertake
similar "re-distributional® movements (MacCrimmon 1954;
Solemon and Templeton 1976). 2

The co-occurrence of lakeward migrant and stream

resident parr might be explai.ned as ‘an evolutinnary

phenomenon using game theory (Maynard Smith-1974, 1982).
Game theory considers evolution at the phenotypic level when
the fitnesses of particular phenotypes, or strategies,

depend on their frequencies in the population. In this




context, stream residency and lakeward I&q{ition can be
considered to be two different strategies employed by salmon
parr. If the two strategies provide equal fitness at the
individual level and cannot be invaded by an alternative
strategy, then they can exist as a mixed Evolutionarily
Stable Strategy (mESS) (Maynard Smith 1982). .

One serious difficulty arises, however, when ‘exph’i.nln‘q
lakeward migrations; in a game theoretic context.’ For the
two strategies (stream residency, lakewird migration) to
exist in an evolutionarily stable state, the fitnésses of
each must be equal (Maynard Smith 1982). Data co“‘lected at’
Wings Brook indicate that the probability of migrating to
and maturing at sea is much higher for lacustrine parr th:m
it is for riverine parr. This would imply unequal fitness
between phenotypes unless (1) all riverine parr mature in
fresh water and (2) their smaller size at maturity does not
hinder their reproductive success. Given that these
prerequisites for equal fitness seem unrealistic, the two
strategies may not have evolved as mixed ESS's.

This difficulty can be'xeconcxi,d if the problem is
viewed at the individual ‘level and if migrati®s at the parr
stage to the lakes and estuary are thought of as alternate .
reproductive tactics. Subordinate reproductive tactics can

evolve to provide animals with the opportunity to make the




_Best of a Bad Situation (BBS) (Gross 1984). That is,

migrations into lakes and estuaries can be evolutionarily
stable despite the unequal fitness of such tactics (Gross

s - &
1984). .

The argument can be further developed as follows: The

:ive!iné\ environment is'poor in terms of growth and survival

- to smolt size (12-15 cm). ?iven that size cunée pouitively‘

correlated with reproductive fitness (increased fecundity,
increased survival, superior competitive advantage during - ,
spawning), a proportion of the parr population should adopt
behaviours that will enhance growth and survival:- Both the
estuary and lakes provide ’conditienl for increased growth.
The movement data indicite, however, that survival to sexual
maturity in the estuarine environment is much lower than in
the lakes. Estuarine parr may.be more susceptible to
predation because of. their smaller (relative to smolt)

size. In this context, lakes seem to be the best habitat in
tems’ of reproductive éitnesu. If parr must a.nign;te fz_on S
the stream in order to reduce size-specific mortality and
increase growth, then movements into the lakes and estuary

a ve tactics of which the latter

is the subordinafe. The opportunity to migrate into lakes
)\dould be dependent ypon an individual's proximity to that
lake, a location determined by random dispersal following

B




emergence from the gravel. It is assumed then that all
individuals belong €o the same gene pool and have equal
expected fitnesses at birth. Thus the alternate tactics of
estuarine and lakeward migrations may have evolved as a BBS
and are evolutionarily stable. Gross (1984) interpreted the
réproductive strategy of maintaining dwarf and “normal*
phenotypes. in Arctic char populations (see Jonsson and
Hindar 1982) as having evolved as a BBS.

My research supports the thesis that lakeward
migrations by juvenile Atlantic salmon are innately
controlled but environmentally regulated. Thi’l : ’
interpretation has been invoked to explain these movements
among 6ther salmonids (see page 54). The adaptive
significance of these migrations is exemplified by the
increased growth and survival (i.e. fitness) experienced by
lacustrine parr relative to riverine parr. A
frequency-dependent mechanism operating at the phenotypic
level could account for the fact’that only a portion of the
population migrates.

5.4 C ’ . .
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-lacustrine habitat to Atlantic salmon production is

y for 1 of populations
inhabiting river/lake systems. The following discussion
incorporates the second objective of this thesis g.e., to
determine the importance of lacustrine habitat to Atlantic
salmon gl’nductEn.

5.:4.1 Smolt Biomass in Lacustrine Habitat . Ty

: : . .
Smolt production in the Wings Brook system occurred
almost entirely within the lakes. Biomass estimates for

1 1

Wings and Bluehill Ponds were 145.1 g ha™' and 93.5 g ha~
respectively in 1983. Minimum smolt density estimates ranged

1 34

from 2.66 smolt ha ~ (1982) and 3.82 smolt ha = (1983) in

Wings Pond to 1.46 smolt ha™l (1983) in Bluehill Pond.
. !
Chadwick and Green (unpublished MS) calculated smolt density

in a small (7.1 ha) pond of the _Westexn Arm Brook system to .
be 0.28 smolt ha~} in 1978, Indirect calculations suggest
that two-thirds of the smolt production in Western Arm Brook
occurs within lacustrine habitat (Chadwick and Green loc.
cit.). -
The puitability of lakes as juvenile salmon habitat,is

exenplified by the increased growth rates experienced by
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lacustrine parr relative to riverine parr. Abundant food
}Enuxce. coupled with reduced competitive interactions
among parr are probably the main factors contributing to
this enhanced growth. Pepper (1976) reported growth rates

among parr inhabiting a lake in central Newfoundland to be

superior to ‘those of parr in an inlet stream. Growth rates -

of salmon parr stocked into lakes in the British Isles '

exceed those of their riverine coum:a:pnrta (Harris 19737

Pedley and Jones 1978 5

5.4.2 The Importance of Lakes as Overwintering Habitat

ThE relative production of smolt in the riverine and ~
lacustrine environments in the Wings Brook ‘system emphasizes
8the importance of lakes as overwintering habitat. The
majority of smolt originate in the lakes yet the proportion

of the population initially" eni:ar;nq the lakes as parr is =

_ relatively small. This suggests that survival to the smolt

stage is much higher in ghe lakes than it is in the strean.
This may be due to a lack of suitable z1v¥:1ne overwintering
‘habitat for large parr and pre-smolts. Deep pools comprise
only a small proportion (13.5%) of the total stream area of
Wings Brook. While it has been demonstrated ‘that juvenile
salmon will overwinter in sheltered chambers within the

fiavatetis
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stream substrate (Smirmov et al. 1976; Gibson 1378; Rimmer
et al. 1983) it is not clear’that large parr or .pre-smolts
behave similarly. The autusnal emigrations of large parr
and. pre-smolts in many rivers (Calderwood 1906; -Saunders
1960, 1976; Meister 19627 Pyefinch and Mills 1963; Youngson
et al, 1983) suggest otherwise. 2
Riddell and Leggett (1981) nypothesized that-the

untumnul emig:ntion of latge parr from Rocky Brook into thu
main stem of the Southwest Miramichi Kiver was dué in part .

to the high rate of energy loss that these fish would incur

" if they remained in the relatively small brook during the

winter. The relative lack of deep water in Wings Brook may

*
result’ in high mortality among large parr and pre-smolt

during severe winters. Increases in parr mortality rates

with size have been reported (Elson 1962; Myers 1984).

Autumnal lakeward movements by juvenile Atlantic salmon hlvc

‘been previously observed (stuaxt 1957; B. Jomsson loc.

cit.). Other juvenile salmonids known to overwinter in

lakes include coho salmon, kisutch,

trout, and rainbow trout (Cederholm and Scarlett 1982;
Peterson 1982).

5.4.3 Inhibitory Effect of Lakes on Smolt Migration \—-
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The' inhibitory effect of lakes on smolt migration has
* been previously documented. Harris (1973) noted that
4.5-41.8% of the smolt stocked into Loch KinZrdéchy,
Scotland, failed to migrate to sea. These fish subsequently.

matured and remained in fresh water. Failure,to migrate may

be due in part to weak directional cpes resulting from
reduced lacustrine water currents (Harris 1978) or low
outlet ‘discharge rates (Jongs and Evans 1962; Harris 1973). ., ..« ¢

i
Smirnov (1979; cited in Chernitskiy and Loenko 1984)

“concurred with Ward (1932) in hypothesizing that rapid

warming of the epilimnion may establish a thermal barrier to
_smolt migration, compalling mmolt ‘to'mové int despers

" cooler waters. | Ricker (1940) believed that maturation and o
reproduction of residuai sockeye AN JARGTE may have been .
responsible for the formation of kokanee, the freshwater

ident form of Or nerka. tification" and

subsequent maturation of Atlantic salmén smolt physically
retained in freshwater have been widely reported (Day
1880-1884; Berg 1948; Evropeytseva 19623 Lundquist and
_ Fridverg 1982). ' : " -
_ Several residual smolt captured in the Wings Brook' - f o et

\turing-stater. The

R — ,
contention that-these fish smoltified during the preceding

system possessed gonads in a sexually m:

spring is supported by both observational and experimental
. .

s K :
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evideice. Body colouration ‘(silvery in appearance, fin
margins blackened) and morphology (slim, streamlined form)
were those characteristic of a smolé—{Hoa® 1976; Wedemeyer

et al.—1980). Smolt retained in fresh water do not lose

their silvery lustre until late-autumn: (Malikova 1959). Pqrr
marks were rarely discernable among'these fish. The )
probability that these fish were undergoing smoltificatiom

in preparation for a seaward migration the following spring

is low.’ Thickening of the scale and skin purine layers that '

produces the -silvery body colouration normally occurs 3-4
months prior to smoltification (Johnston and Eales 1967;
Eriksson and Lundqvist 1982); although thare may be
exceptions in northern rivers (Power 1969).

i
i

5.5 Sympatry of o and Salmo|

salar 7

Lakes are the dominant feature of watersheds supporting

both and

and Power 1969 Riléy et al. 1984). By evaluating the

consequences of adopting different migratory strategies,

some insight can be gained into how anadromous and .

non-anadromous: forms may have originated within a species,

Salmo salar (e.g:. Leggett
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5 and how these forms/ may persist as two alternative

- phenotypes in a sifgle population. This addresses my third
objective g.e., tof identify mechanisms allowing for the

' sympatry of anadrgmous and resident S. salar.

.o' '5.5.1 Genetic Relatedness

There is good reason to believe that the ouananiche are

5 . - T
* not genetically distinct from anadromous salmon in the Wings

Brook, system:> . ;Both fcr‘ms spawn in the outlet streams, thus
reducing the probability of spatial reproductive isolation
and incréasing the likelihood of interbreeding. There are
no behavioural isolating mechanisms preventing reproductive
isolation between ouananiche and anadromous salmon

. (Hutchings and Myers, in prep.). _Hybrid offspring will
mature and successfully reproduce (Sutterlin and Maclean - - a gl

* 1984). There were no significant differences in the mtDNA

sequences of parr collected from Wings Pond and lower Wings

Brook (U. Gyllensten, Department of Genetics, University of
-Stockholm, Stockholm, Sweden; personal communication). If
s 2

. . lacustrine and riverine parr in the Wings Brook system were =~ - ..

o
5

representative of the resident and anadromous’forms,

the mtDNA results would not have been expected if the \forms

', were genetically distinct. There is some indication-thgt -
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ouananiche and anadromous salmon in the North Arm River, an

expansive network of lakes and streams in eastern.

land, may be ively i!olltéd ( ier,
Clarke, and Sutterlin, in prep.). The genetic relatedness
betheen‘ sympatric foims ‘of salmonids is probably a function
of the spatial separation and diversification of suitable
spawning habitat within a given river/lake system. Rice
(1984) postulated that reproductive isolation bétween
habitat specialists can evolve if disruptive -&e‘gﬁen is

applied to habitat preference. i
5.5.2 Mechanisms of Sympatry .
A\ 5 i
Do and salmon persist as two

alternate phenotypes through time, or is their present

a ig ? I i four
mechanisms by which ouananiche can co-exist with anadromous -
salmon in the Wings Brook system. '

(1) The argument most widely invoked to explain the
existence of id salmonids ~t‘.l‘nlt‘.

forms ai ated from an ﬁq the

Wisconsin glaciation (8000 y BP). Minor adfances and

retreats of glacial fronts in concert with isostatic rebound’

geographically isolated these forms for -relatively h;iéf N




‘Bluehill.Ponds. Unless the fitnesges .

‘proportion of a population. However, it does not provide a

- phenotype expressed as the averdge number of survivin|

periods of time; resulting in their'obligatory adoption of a.

life cycle in fresh water within lakes (Behnke 1972). /\(

. However, this explanation can only account for the origin of

resident salmon in“landlocked systems. It does'not explain
. 4
the persistence of ouananiche in lakgs sych as Wings and * . %,
PR y
of anadtomous and
resident forms are equal, the less £it phenotype would have
been selected against when connection to the séa had been

re-established. . s 4

(2) The hypothesis that ouananlche could be initiated -

and maxntained through the reproductlen of x‘esidual smolt

(Powex 1958, 1969) will account for residency in a small T :

legitimate mechanism for the persistence of sympatric
anadromous and non-anadromous forms.'because adoption of a ,
freshwater existence by residual smolt is obligatory and“

non-adaptational. Again, if the fitness of residual Salmo

salar does not equal that of anadromous salmon, then the

non-anadromous form will not persist. -

(3) Changes. in the non-anadromous proportion of a

6. Fitness is the relative competitive ability of a given

progeny of one with the ge number of
surviving p:ogeny of competan phenotypes. i i
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5 popufacson can be effected through habitat disturbance and
overfishing, i.e. humen interference. The log jam located ° ~
*  at the mouth of Bluehill Pond prevented smolt from leaving
the lakes at low water levels. These fish became isolated
within the lakes, effectively existing as ouananiche. There
is evidence that increased fishing pressure can induce i
larger proportions of a population to mature in £resh watpr @
if suitdble conditions fer grquth and survival (e.g. lakes)
K"’exisx‘. (Gibson 1978b; Myers 1983). The sympatry of anadromous
% and mon-snadromcus ssinon wides thess circimstances would
then be a -transient phenomenon. ° . ,
(4) Residency and anadromy_may persist because they are
alternative evolutionarily stable strategies or. ESS's
3. (Naynard Smith 1974, 1982). This can occur if the fitnesses / "
’ of individupals adopting each scxateqy- are, on average,
‘equal, and"if a frequency-dependent mechanish maintains a’

constant proportion of bbth phenotypes (Grol 1934). The

hani can operate at the individual

level, such mé and resid

alf ernative Ess'a within & populuxien, or at the population
!.;gel, such thnt two,non- 1nterbraeding populntionh‘ exist
each of w_hich manifests itself as either ouananiche or
AnadEGGus, ‘SAlNOH.. The equilibrium .l‘raquency is determined”
by the anle;:mantal prope‘x’ttcn or i:"el'_mvieuts governing t:ue

0
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Exe(iuency-dependent success of the phenotypes (Gross 1984).
For example, if frequency-dependence operates through the
availability of lacustrine habitat, then systems dsffexinq
in lake abundance will have correspondingly, different
equilibrium fzequencies of ouananiche and anadromous *
salmon. ) i

In summary, the first two arguments do not explain the
co-occuxrence of anadromous and non-anadromous salmon in the
wmgs Brook system. The third explanation accounts for
their co-occurrence on a short-term basis. Only the fourth
mechanism accounts for their persistence on a long-term

basis.

5.6 Future Considerations
THe Salmonidae are an.appropriate group in which to
study life history evolution. The sympatry of anadromous

and-resident forms is an exceilem; example of life history

variation in natural populations. Hutchings and Morris

41985) predicted that behaviour and life history traits

should co-evolve to form optimal strategies which convey

selective advantage under spécific environmental contexts.
.

The relationship between environmental complexity and
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i ' /
phenotypic plasticity could be examined by studying / -
)

sympatric forms in a variety of river/lake systenms

representing a broad spectrum of geographical (niche)
diversity. . A //,

The game theoreti..c hypotheses concerning 1/g'itewaxd
migrations could be evaluated by comparing the’ relative
fitness of estuarine, riverine, and lacustrine parr.

Jonsson and Hindar (1982) consider 1 £, to be an appropriate
measure of fitness, where 1 is the age-specific survival

B .
rate and f, represents ag#pecific production of female

zygotes. <Population estimates of Salmo salar in the lakes

and river would be necessary to calculate survival. The
effect of .parr migrations on the relative fitness of
juvenile salmon could be modelled- by varying the proportions
of the stream population that enter the lakes and

estuary, and monitoring reéSultant 1xfx values. he

conditions under which such migrations are evolutionarily
stable could then be assessed. Gross (1985) estimated the
lifetime fitness of male coho salmon as the p;oduct of ‘
survival to maturity, breeding lifespan, and mat(ng‘ 4
success. ) .

Finally, the overwhelming importance of lakes to

Atlantic nlnl';o'n production in ‘Newfoundland is a fact. which s
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should be incorporated into currently stream-oriented

management practices. Stocking of lakes with parr has the

potential to.significantly increase the size of salmon

- populations throughout the island. There is clearly a need

for further investigations on salmon populations inhabiting

river/lake systems.
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TABLE 2. Watek chemical parameters measured throughout the Wings
Brook system. . %
Chemicall . Lower
parameter Wings Brook Wings Pond Bluehill Pond n
pH 6.4800.32 6.1700.30 6.4500.20 . 16
6.28:0.13 6.2020.48_._§.37agg13 3
calcium (mg1™) 2.080.2 | L L.740.1 2.540.2 16
2.30.2 1.700.1 2.550.1 )
Nitrate gmgl™})  0.007$0.005 . 0.01640.012  0.009+0.005 . 16 :
0.007£0.004  0.007+0.004  0.005$0.002 i .
Total phosphorus  0.045:0.026  0.03030.015  0.019:0.013 16
tmg171) * 0.007:0.003  0.01130.007  0.02930.034 3
Sulphate (ng1”}) 1.500.3 1.600%) 1.650.3 16 v
2.200.3 . 1.940.1 1.520.2 3
. chloride (ppm) 61203 - 6.200.3 5.640.2 16
Hardness 4 i i . -
(spm Cacoy) - B.2:1.2  7.641.3 8.8:0.9 16
Specific conducg- .
ivity (ushose25°C) 36.541.5 T 23.1s173 ¢ 36.540.7 96
Total alkalinity :
tng1™! cacoy 4.950.7 2.800.3 5.350.4 rer
Turbidity (JTU)  1.3780.32 1442048 1.08+0.26 16
Total dissolved
solids (mg1™h) v 25.2018.3 2.1:1.6 - 8
. lyear of measurement: upper value - 1982, lower value - 1983,
otherwise 1982 : » :




TABLE 3. Dates of counting fence operations on the Wings

Brook system.

e
Station Trap lnctim;ﬂ

=92 - ” 5

Dates of operation

Lower

Wings Brook upstream
downstream

Wings Pond ~  upstream
downstream

Bluehill Pond upstream

.downstream

July 2 - November 23, 1982
May 4 - September 29, 1983

¢May 21 - November 23, .1982
May 4 - September 29, 1983

June 9 ~ November 23, 1982

May 5 - September 28, 1983°

May 21 - November 23, 1982
May 5 - September 28, 1983

June 1 - November 22, 1982
.May 5 - September 28, 1983

May 28 - November 22, 1982
May 5 - September 28, 1983




TABLE 4.

Variation in daily.parr movements-intc lakes explained

by five-environmental factors.

_ Wings Pond Bluehill Pond

1982 1983 182 1983
parameter  (r?) (1)) @ e
MAXWATER L0097 .017 "._001' . 093'
MINWATER  .005 -.000 j040 157"
DEPTH 221" Loos 017 .033
PRECIP .004 .01, .0\ .028
meMpoIr: .’ Lom .07¢8" . .006

s

“significant at e = .05
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TABLE 6. Length (cm) and reproductive state’ of Salmo

in Wings'Pond, September, 1983.

salar

Life history M . EEMALE
stage Immature Mature Immature Mature Spent
Parr 8.940.3 16.6:2.5°13.847.6 195 -
(n=2) (n=9) (n=4) (n=1)
18.3:2.9
(n=9) .
Residual " . .
* smolt 17.262.4 20.0:1.3 18.043.0 — e
(n=7) (n=2) (n=23)
Kelt S - - ---  sl.as3.0
’ . (n=3).

* "regenerated left pelvic fin .




i

|

- 96 -

TABLE 7. Summary of the scale radius (y) - age (x)

" regressidns for parr and smolt in the Wingg'Brook

system; equations are of the form ¥ = mx + b.
Slope  Intercept g ¥

‘Classification (m) . (b) T .0 N
Lacustrine parr  11.41 -0.57 0.63 421
Riverine parr 7.73. -2.95 0.58 286
Estuarine parr 13.36 -9.52 _ 0.57 52
Wings Pond smolt  5.13 23.19 0.21. 157
Bluehill smolt . .5.54 3119 0.27 103

i .

1

-
3 st O
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TABLE 8. Summary of the log,; weight (y) - log,, length (x)

regressions for parr in the #ings Brook system; équations are

of the formy = mx + b.

Slope _

-

arr . Intercept 5
classification . (m) TS I3 n
Lacustrine)og, - 3.03 -5.03 0.99 39

1983 3015 -5.29 098" - 75
Riverine i X .
1982 2:90 -4.76 0.96 534
1983 3l -5.39 0.96 807
Spawning N :
- 1082 2.8 - -4.54 0.96 686

Estuarine . 7 .

1983 3.1 -5.19. 097 68

Ovexall 3.00 496 0.96 2209

, A
| S .
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Figure 1: Map of the wlnqs Btook syu\:en, Bcnavista _Bay,
Newfoundland
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Figure 2:

il

of lak d by salmon, parr
into Wings and Bluehill Ponds. Arrows indicate
dates of trap installation and removal.
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Figure 8: Age-frequency distributions of ‘salmon smolt
emigrating from Wings and Bluehill Ponds.
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Figure 10:

Chronology of salmon parr movements out'of Wings
and Bluehill Ponds in 1982. Arrows indicate dates.
of trap installation and removal.
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Chronology of salmon parr movements out. of Wings
and Bluehill Ponds in 1983. Arrows indicate dates
of trap installation and removal.
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Appendix A

L of Fishes Wings Brook

Total numbers of fish moving through the counting
fences of Wings Brook are presented in Table 5. The
movements of Salmo salar have been outlined previously with
the exception of an illustration showing the chronology of
parr movements from the lakes into the streams in 1983 (Fig.
13). This f:.gure was nqt included in the main text because
the seasohal patterns it portrayed wére misleading. Fig. 13
shows the périod of greatest movement to occur in the spring
when in actual fact there is relatively little movement at
this time of year (Fig. 10). This misconception can be
attributed to the frequency scale on the ordinate coupled
with the fact-that the 1983 field season did .mot extend into
October and November, the months durint which parr

emigration from the lakes was at its ppak.’
T

This section will report the available data on
seasonality and diel timing of movements, mean lengths, and
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state of sexual maturity of brook char, American eel,
rainbow smelt, threespine stickleback, Arctic char,’ .
" fourspine stickleback, and ninespine stickleback in the
Wings Brook system. - '
A.1 Brook. char, Salvelinus fontiralis
The seasonality and relative magnitude of brook char
movements were very_similat to those described'for salm'on
parr. Emigration from the strean GitREed PRy SRy
the spring with the numbers of nsh moving either equivalent
to (movement into estuary) or considerably less than
(movement into lakes) the salmon. ~Similarly, the autumnal
movement of brook charufrom the lakes into the stream was
undertaken almost exclusively by saxunlly mature individuals

(predominantly males). : .

Approximately 10-14% of the char moving into the
. estuary during the spring of 1383 were characterized by a
silvery tinge to their stales and Wepe pEeRGHEBLY iaTEs] "
The mean length of 80 Bm+1t8 was 15.5 + 3.0 cm (range
11.7-25.8-cm). A minimum of 22.5% of the. char smolt

originated in the lakes. The 1983 smolt migration commenced
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. with® the salmon smolt migration but ended on May 30.

J _Char movement from the estuvary :into the brook was also .
" similar to thit of the parr in that more fish moved in 1983
than in 1982. An anomalous movement occurred on the morning
of July 6, 1983, when 261 char ranging from 4.7-11.8 cm in

. length entered the upstream sectjon of the lower Wingh Brook
v" ot trap. This movement waé coincident with a 9.5°C increase in
water temperature (17.0-26.5°C) within the previous 24 hours
e while water depth remained comstant. A total of 15 char (9
in 1982) entering the brook from the estuary exhibited

silvery colouration presumably indicative of prolonged

estuarine/marine residence.

Char movements into and out of the lakes.and xhxenghout .

Hings Brook appear to be more random in nature tham those of

! : salmon parr (Hutchings,| unpublished data) For example,

many char had a propensity to move out. of\ a lake shortly

(1-5 days) after having entered it.

. The diel timing of brook char movements did not differ

~

from ‘that of the salmon parr.

A.2 American eel, Anquilla rostrata

Jone
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3

3
Only those eels moving downstream were captured in the
counting fences. Eels were present in the traps during the

morning checks only, indicative of motturnal migration.

The timing of midr;ticn differed at the three sampling
locations. The majority of eels emigrated from Wings Pond
during the spring, whereas the main Bluehill Pond Fii
occurred in the autumn. These seasonal differences were
reflected in thé timing of eel migration through the lower

brook trap. - %
J

The 1982 eel emigrations from Wings Pond occurred from h
May 24 to June 21 (n=36), July 30 (n=1), and September 3-18
(n=11) . Fifteen eels left Wings Pond from May 6 to June 21,
1983, ' o

Eels emigrating from Bluehill Pond did so from June 1 '
to July 26 (n=4) and September 18 to October 5 (n=14), 1982,
and on June 6 (n=1) and from August 22 to September 8

i

(n=21), 1983. ; o 8

The spring runs at lower Wings Brook extended from May
24 until June 28, 1982 (n=43), and May 10 to June 9, 1983 B
(n=38) . During the autumn, eels migrated. from September 5 to

October 20, 1982 (n=31), and August 29 to September 29, 1983
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A.3 Rainbow smelt, Osmerus mordax -

‘thus extruded.

“Mean lengths of eels moving throughout’ Wings Brook are
presented in Table 9.

Collections of smelt can be separated into the seaward
migration of reproductively spent, adults at the mouth of
Wings Brook and the incidence of yearling smelt having been
transported by water currents into the traps at the ~lake
outlets.

Smelt were rarely collected in the second of two

daily trap checks, ive of 1 =

Smelt vacated Wings Brook in exceedingly large numbers

(1{=4582) in 1982 and in fewer number;. An=359) in 1983. 1 “The
mean lengths reported |in Table 9 are based on the first 135
individuals to enter the lower tr;p in'each year. Sex
deterninations were conducted in 1983 by applying pressure
to the fish abdomen and identifying the gonadal substance
The sex ratio of 149 smelt sampled

7. Smelt geperally migrate during ice break-up (Scott and
Crossman 1973) sp these figures are unlikely to repxeuent
the entire complement of post-spawning smelt.




. A 1
throughout the run was ske/ed 41:1.0 in favour of the
males. “Smelt entered thelestuary from May 22 to July 11,

1982, and May 4-27, 1983." ; . B

With the exception of a single 21.3 cm individual, the
smelt collected in the lake outlet traps were less than 10
n in length (Table 9), a length range appropriate for
underyearling and yearling smelt (Scott and Crossman 1973).
These smelt suffered mortality rates in excess of 95% as
they were forced against the trap screens due to their
inability to maintain position in the current. Smelt were
‘collected 'in the Wings Pond trap from May 21-30, 1982
(n=128), and from May 22 to July 10, 1983 (n=6). The
Bluehill Pond trap entrained smelt from October 10 to
November 3, 1982 (n=19), and from May 12 until June'6, 1983

(n=165). ~

Al ine stickleback aculeatus

Threespine sticklebacks moved into the lower Wings
T i

Brook and Wings Pond outlet traps. There was little

variability in the lengths of individuals moving at the two ||

sites (Table 9). Movement was generally in a downstream



direction, (Table 5) and was not accentuated at any

particular time of the year. A gravid female measuring
7.5em was collected in the lower Wings Brook trap on May 10,

1983. 5

'A.5 Arctic char, Salvelinus alpinus

Juvenile Arctic char were collected ‘at’ the Bluehill:®
Pond outlet trap from November 6-8, 1982 (n=2), and from May
24 to June 6, 1983 (n=4). The chu;cullected in 1982 were
less than 10 cm in length as were those entering the stream

in 1983 measuring 6.8-8.5 cm.

A.6 Fouxspine stickleback, Apeltes guadracus

Four members of this species were collected in the
Hing! Pen‘ﬂ outlet trap on May 21, 1982. Two 1ndiv1dl_lals‘-
measured 5.1 cm and 5.3 cm in length.

=

A.7 Ni stickleback, Pungitius pungitius
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Several specimens of niqespine stickleback were
‘collected in Wings Brook Cove and in the lower reaches of

Wings Brook by dip net. None were 'encountered at the

- counting fences. .
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