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and'the energy and smino acid ‘content o the diets’ determined.

1 ; -+ ABSTRACT 5T ) s

Survlvnl growth and egg production OF Cammazus " Lawrencian ve

de:emmed for newly reluuad _youg kept wmwu: fobd and naintatied on s
diets Of Te:z&(in, Che Blue Hni_&el(ﬁytil Ill’.ﬂ , and the algae ' -t
Mcqasxp_mm foentculaceus, Piléyella littoralts and Enteromorpha ;
intestinalis, E[ 15" C. 'similar’ e)}pztimentl were performed on, animals

fed Tetratin ac’s’, 107, 17 and 15C. Concurrent fleid collections wére
mde at.Witless Bay Pm:d lnﬂ North Arm Holytood Newfomdland. | The

selacti\dty of imur.ure and adult G. 1 were ‘algo

Survival ‘was thversely proportional and grouth directly pmpnn.iennl

to temp!sﬂtll(g.’ Temperature’ also significantly influenced.fecundity and

age at maturity, bt not maturation size in the rangé of the températures

rested..igher cemperatures rediced the m.mt‘a'uon age and {ncreaged ‘the -

m}mher of eggs produced. Diet aigniflcuntly influenced survival, growth,’
facul\dlty as vell as_size and age at maturation, Survival wag enhanced

by #ie algaa buk growthy, fecmdtty, and age , and size.at maturation

were optimized on.a dxét. of Mytilus. Size at m:u;ity‘;n ’:he,m'm was -
compnrsb-le to §nim;15 £ Bleta of Tetralin or Mytilus, but diets of
Filanentous ‘algae produced a uulih larger ‘mituration size. Maturation
size in the Fteld decreased a3 fhe sumer progresse, pxoblbly due to
changes 1n the quality of i avatlable dtet:, /
The'total energy content of the food ippanced Ed baen, npoecane
st o shie iy oF the dfet. Texture, probably had a large
influence on' the nm};n: of energy lc:unll;; availablé'ts the animals,’

especially vhen algae Were a major part of the diet.

No obvious correlation betiween the guality or quantity of"amx.wcida 8
e b S
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16 the rlle: and. the grwth, l\lrvhnl and fecundlty vas, fomd mgpc in

“the cdse of Te:ral{.ln4 TetraMin vas deﬂl:ient ina greuc nunhez of -ntnu

acids when compared to ! Animals fed had l-a , very
low ‘suirvival rate when compared to_the other dtets, but gtn\nh and’
&:umu:y were sinflar to Mytilus, the diet that moat clolely nor:e-pnnded

o ek autno acid makew Of G T s,
Lawresclans
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) INTRODUCTION
. N Gammarus lawrencianus Bowfield is a comon benthic crustacean which.

is endemic to the northwestern Atlantic’ (Steele and Steele 1974): It is L
found 1.. large numhern during ‘the sumer at the upper reaches of

estmties (Steele and Steele 1970) from Labrador and Newfoundland south

to Comnecticut and Long Island Sound (Bo,-ﬁam 1973). steele and Steele
(1970) discussed the biology of G. lawrencianus me“luding the distribu-

tlon and abundance, size at maturity, sizé of the embryos, life cycle,
/

female reproductive cycle and fecundity,

lawrencianus was selected as the experimental animal primarily

because of its ease of culture. MacKay and Vassallo (1977) cultured a

w G v number of the common shallow water found in the i
< Atlantic including ¢. Eigrinu Sexton, G.’ oceanicus Segerstrale; . i

Shy and G. 1 Lavis, R — Sl

culture conditions. Although its.individual fecindity is low, the speed 1 > :

H at’ which 1t matures and, broods young results in a high reproductive

potential, G.. 4 is an ideal 21 animal. It has a

w; . y .
short generation time, can be sexdd, measured and the number-of eggs in
the female brood powch determined. with minimal effort. It is easily

collected in llrge numbers in intertidal and shallow wztgxs

“Temperature has been previously identified as 4 major environmental
Eat:ur affecting the biology of gamarids (Kiane 1959, 1960, 1961;

Nilason 1977; Steele and Steele 1970, 1972b, 1973). It influences grouth

rates (Kinne 1959; Nilsson 1977), survival_ (Kinna 19593 Nilsson :1977),7
“_“‘mumg frequency “(Kinne 1959, 1960, 1961), duration and time for

reproduction (Kinne 1959), mean matwration size (sgeele and Steele, 1970,

1972b) and duration of egg developement (Kinne 1459, 1960; Steele and




Steéle 1973). Recently photoperiod hai béen found.to be an impnfru»nt

factor regulating the reproductive cycle (Steele 1967; Steele et al.

1977). Diet has largely been ignored in matine- gammarids probably because

of the' difficulty. in assessing its effects.in the field.Diet has been

i X
.shown to affect growth, survival and molting frequency in the freshwater

amphipod G. pulex (L.) (Willoughby and Sutcliffe 1976). Other work on
the feeding bx\;logy of freshwater ganmarids has been carried out by
Moore (1975, 1977), Adderson and-Raasvelde (1974), Lubyanov and Zubehenko
(1970) and - Barlocher_ and Kendrick (1973, 1975) Ladle (1974) provides a

f

thuxnugh reviev of th» suhject. -
q

There 1s: 11tde doubt that in gatmarids a large nusber of biologichl’

' processes are directly dependent-on-te teuparat\ltnsuch i bt huaion of

egg development (Steele and Stéele 1973). Other pzupugfes (eg. ‘distribu-.

tiom, growth, brood size, age dud glze at maturation, etc.) coild ba
significantly inflienced by diet. This is the case in many Crustaces

(Ha1l RETY Wiiloughby and. Sutcliffe 1976; Barlocher and Kendrick 1973,

3
1974).7, 7 s . p ¥ e

1975; Wenner et

During d study of the economic .potential of amphipods as a protein

“sourcé for Fish cultire. (YatKay snd Vassallo-1977) a correlation vas

observed between the spring bloom of ephemeral’ brown algae and the
release of young. Steele and Steeld (1975) made similar observations and

postulatéd that ‘the resting stage (a period. in the female’reproductive

. eycle when, noegge are produced) was an.adaptation. for synchronizing the

rélease of the ‘yousg with optimum conditions, the spring algal bloom.

Steele any Steelé hypothesized ‘that survival of the young was enhanced .

" by’the presefice of. these algac. To test this hypothesis.and concurrently

study the effect gf various temperatures and dfeto on a.mumbér, of




. habitat. types.’

& 5w b 3

11y significant auch ag grovth, survival} age and

A / }
size at and y, ex were Dufing the '

course of ti‘le experiments it was ohseryed :hné diet had an effect on
growth rate and reproductive capacity, In'an attempt to provide some
insight info the reasons. for this the Enarg.y and amino acid content of
the foods were analysed. §ince feeding habits could have a profound
effect on the, typed of $ood ingeated food preferentes were investigated.
Ropulations in the f1eld were also atulied 8o as to'be able to zelate | -
the axperi,ﬁnzul fats to & natural’ numcin;:.

Skeele, and Stesls. (1970)Sdllected gamuabtd axphipods in a punber
of locatdons close to St. John's. In choosing appropriate sampling sites

these localitiea vere yiaited and North Arm Holyrood and Witless Bay

‘Pond chosen for sampling. They large populations of the

imal,G; and 5 highly different




METHODS AND MATERTALS

Areas u-rled Bt

21) llurth Arm Holyrood e

Sampling was carried out at North Arm !olymod betveen March 15 and
- 3
September 24, 1977. North Arm xi_a,xymd 1s located approximately 50 km

southwsst of St. Joha's, Newfowndland, s

|the head of Conception Bay
(Figure 1, Plates 1 and 2).Sampling was restricted to the shoreline or
shallow shelf (less than 1 = in depth at low tide) at the ‘mouth'of the
North Arm River (Figureé 1). The shelf, produced by silt carried down the )
"river, had a gradient of sediment types; at the mouth of the river 1-xga

boulders and mcks, fAr&hex down this lhali coarse sand -nd gnvel,

) was mot common - .
&

much. ore abundant but generally restricted to the intertidal flats and

follnwed by silt and Inltd Eelgrlil 1lnll’.era marina

but’ a small bed was Eov.m;l near the middle of the shelf. Fucus ‘sp. ‘w:

: &y ;
alorig the shoreline, although some plants did grow where rocks projected

~oud\of the mud.  The subtidal partf of the shelf wgs largely dominated by
* Dictyosiphon foeniculaceus (Huds.) Grev. which formed tangled masses 0.4

to 0.6 m deep. Another brown alga, Pilayella littoralis (L.) Kjellm.,

vas dominant in’intertidal areas as an epiphyte on Fucus sp. It was. also
the most common alga at the river mouth, where it was attached to rocks.
Blue nussel’ (Mytilus edulis L.) was the most obvious invertebrate but

most shells were empty. They littered the bottom of the subtidal

Dictyosiphon zone. The dominant were gamnarid R
Latall 'B'lmpllnF sites. : 2 N g i
" In North Arm Holyrood four sampling sites ’vere chosen to correspond
to the major habitats (Figure 1). Site 1 vas on the southéast aideof |
the Bay about 1 m from shore and nppxnxh;tsly 30 cm in depth at low ‘
tide. The substrate was mostly coarse sand with a rocky ;n:er;‘id‘l N
. b !
- “

PRGN
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Plate 2. North Arm Holyrood, low tide.
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37

; The vepetation ws domtnated by Fucts sp. and Pilayells which formed &
narrow band .mn, the coastline. Site 2 vas a smsll-cove just south of
the mouth of the North Arm River, This sampling site was lppmxi-tely

30,cm in depth at low tide. A channel of the river flowed through the .

area. The site had no macroscopic mgenmm .mm-ﬁ there u ~an

‘ Enteromorpha intesetialta(L.) Link, bed about '3 m avay. It d1d cn].lecr.//

some detritus and dead squid. The substrate wad essentially ke

h'in with suall stones. Site 3was on the northuest aide of £hd bay,

ubnut 1'm fron shore and 50.cn in depth at low tide. The shoreline vas
more marine in n.tul.. ’Iﬁ. lubltn:u wa ulid ruck wl\lch extended out
i ¢ about 4 m fron the low water mark.: It appeared to be the only site Ve

exposed to wave lctinn. The site was dominated by Fucus and Pilayella

} but other algae were also present, eg. Chondrus crispus sh{umu and © -

Dictyosiphon. Site 4 was in the ceater of the shelf approximately 1 m in

depth at low tide. The substrate consisted mostly of fine sand and .1r:.
A'small amowmt of Fucus . grew where rocks projected out of the mtltnte.
] p - The dominant alga was Dictyosiphon which grew on the subtidal area of

y the shelf in mats w t0.0.6 m desp.

11) Witless Bay Pond ~ . S

Witless Bay is located about 50 km south of Stiohn's, Newfowndland
(Figure 2, Plate 3). Sampling was restricteito a small saltwater pond
# 2 between Witless Bay Btook-.;nd Witless Bay. It was inside o pit and
BodifLed by. the cz{mzém:ion of two bridges and the dredging of the

e A ;
" barbour. Dredging had created a deep central trough but the perimeter is

shallow with a sand bar along one side. Tha entrance.to the bay is under

‘ the main highway bridge. It vas very shallow and narrow (less than 0.6

L . E % -
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m indepth and 3 muide at low tide). Freshwater floved dovm Witless
Bay Brook wder the 014 highway bridge and into the pond where it was
mixed with seawater Water. flowed out of the pond on a k'n]_li'ng llde with

a reverse flow fron WitlessiBay on a rising tide, Flov'ddum Witless

Bay Brook was_slow and dependent on rainfall. The substrate largely

‘consisted of coarse sand and gravel withlarge rock faces protruling
along the southwest side of the pond. ..
Macrophytic, vegetationwas sparse in Witless Bay Pond. Pilayella
was the most compon alga but 1t vas gemerally restricteito the douthvest

‘side of ‘the pond where there-was & stable sub;r.rnte of rock and small

stones. Enteromorpha intestinalis was present but not abundant. The

dominmt invertebrate and in some amples the -only one was Gammrys

awrencianus vhich yas fowd throvghout the pond during-the' sampling

period. Detritus, both plant and animal, vas comwn. Effluent from a

fish plant as well as deuzhad coastal algae were carried into the pond

with a rising tide. o . (

. 3
In W iess Bay Pond . ﬂ.m main sampling sites vere chosen (Pigure ).

They were all on the scuthuest side of the pond because the northeast

stde s aTuiat entiraly sund,, etéh Eew aphipads and no Pilayella. The

.sites vere ciosgn swordtog to three oritsria; adilt G. liveenchiue
and Pilayells had to be pregnt, sud the sites fad to represent a

gradient from stream to bay. Site 1, a backwater area where the brook
entered the pond,uas coversd by a large amwmnt of brown Pilayells. The

substrate vas silt. One cmbelow the silt vas black anaercbic mud. The

site was approximately 50 cn from shore and 130 cm 1in depth at low tida.

Site 2, just off a spit'of land, had a patchy cowering of Pilayella =+

.




. small rocks and sand

ki . |

att . The of

with some
denandatone; baskwiel avlightconertogiot anatiovoiks st sandl Hierated
wis about 1 — 2.m from shore and approximately 10 - 40 cm in depth at low
tide. Site 3, next to'and on ‘the south side of the main highvay bridge;
had a patchy covering of Pilayella and Enteromorpha. Large tufts of
‘pilayells were present along the shoreline and a &mall bed of

Enteromorpha in deeper vater. The substrate had a solid rock base with

' .. The site was 50
ca from shore and 10 = 40 cm in depth at low tide. Only Pilayella
samples vere collected at site 3. A fourth site)) the brook, was sampled
vhen atr supply permitted., The brook had no sacroscopic’ vegetation. Tt

had a mixed substrate of rocks, gravel'and sand. It was shallow (less

—~ . X .
then 50 cm in depth) and'the current was ‘slow. Samples were:collected
in the center of the brook where it. entered the pond. The site 'was

approxdnately 1.5 m from shore and 30 cm in depth. g J N

. ~ sm,ﬁng. methods ~

To.determine the distribution, abwndance and 1life cycle of field
populations, anphipod vere coliected by three niin skng sdiauion
basket traps (Levins 1976), air 1ift au‘mpler (MacKey :1972) and collecting
Pilayella with an aquarium net. Basket traps were used only at North
Am Holyrood . They were'made from galvwinized "bolting cloth wire (Gauge
19). and constructed vith dimensions of 10.5 cm by 10.0 cm with square
nesh of 1:2 cm each side (Plate 4). Stakes were hammered into the
swstrate to support the cages where possible. On solid substrates the

cages were tied to rocks and placed on the bottom.




$ &

Plate 4. Basket traps (5 actwl size). -~
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13
Initial expériments were carried out using the cage saiplers to

“deterntne which type of swstrate would collect . lawrencianus. Six

. di fferent substrates were tested:

wus without macroscopic epiphytes,

Fucus with iph; (mostly Pilayella), b

Pilayella, Dictyosiphon with Fitus placed in as a-filler, and Pilayella

. G. ocearicus, Fucus with epiphytes collected large numbers bf G. lavren—

clanus , but the supply of Fucus-with epiphytes was limited and the
amowt of epiphytia growthmarted greatly with location and seagon.

‘Both Pilayella and Dictydsiphon,if for suppbrted by Fucus, tended to

’ .., fldat through the holes'in the cagea\Pilayella with Fucus tended to roll

up in 3 ball and did not collect’ many Ghphipods. Only”Dictyosiphon

with Bucys as a filler provided conpistent results. : 5

Experiments were also conducted on the mst efficient time period

that the collectors. should be leftiin the environment. Ten collectors

' were placed at site 4 at North Arm Holyrood and a pair were cnl];acted
‘every 3 days witil 15 days had elapsed. After 15 days, the number of
. u GYpIawrencianus found in the collectors: was still increasing with over
150 animals per collector” It was decided that a 10 day'interval vas
i . the most eseiutat ta period that would provide an adequate sauple

= size.® - N I

Tovget up a basket trap, two trips to the sampling area were

l
J ¥ necebsary. On the first trip Fucus, free of macroscopic’epiphytes
; ; and Dictyosiphon were colidcted with dip nets and by hand. The algae
were thoroughly Bt esinten wates, T Ay Vith papet el
and welghed on a top loading Mﬂ:l:ler balance (Hodel no. P- 163) to the

nearest 0.1g. Fucus and mcqnughon vere dtviled tato 200 gand 10 g

with Fucds placed in as a filler. Fucus without epiphytes collected only '




e
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portibng respectively. Each portion was placed in a separate container
flooded with Logy Bay seavater (salinity 30 - 33 %) and kept at 10° C

(+1° ) for a Mmaxtmm of two days. To fill-the traps, approximately

half the Fugus portion was placed in a basket, then Ehé Dictyosiphon

portion, followed by the rest of the Fucus. The Fucus acted as a filler

to hold the Dictyosiphon in place. Thé baskets were then retummed to

the stake or bottom, amenmtely 30 %40 e beloy the low water level.

After ten dsyn thefcages wvere remied witha dip net,’ emptied ‘and the |

Dictyosiphon and Eucus placed St saRERIee s SauATALS bhe
the :mphlpods from the algae 5% formalin, prepared from water collected
at’ the sampling site, was added to the containers. Most of the anphipods
svam out of the algae andlvere transferred to a vial containing 5%
formiin prepared with Logy Bay Bovicer 7t algae was washed 4n fraah-
vater and the remaining wphipods removed and tiansferred to.a vial.

An air-lift samler vas used both in North Arm Holyrood and Wielesh
Bay Pond, in areas where it vas possible to collect relatively quantita-
t1ve benthic samples.’ The atr-11ft sampler worked on the principle that

compressed, air, liberated in the submerged end of an open ‘ipe will forn
0y g b 5

“an atr-water mixture which will produce’1ift 1f there is sufficient

pressure. Ax alr-1ift sampler was constructed from a 1.m length of plastic
dratnpipe of 7.9, cn internal diameter, prodicing a sampling area of
appioximately 0,005 u? (Plates 5 and 6). The n- shaped wper end vas
bidlt using 2 30 ca length of drainpipe and two elbows. This allowed

the flovof water to run oo a’bickets Comreased air’ from & diving

tank was fed through an air line down the side of the drainpipe and into

a U- shaped brass feed pipe positioned 8o the exhaust was liberated in .

»




o

Plate 6. Air-l1ift sampler in use.
e i
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the center of the boftom of the draimpipe. The diving tank had an 'A"
clamp wit] a valve to contpsd the ¥ate of air How. . Mo, people wert'
necessary to properly us{ the sempler, 'The air tank vas comected to
the sampler by. a long hose so the tank could be left on shore. The anln;)lel
was carried into-the water and the samling area chosen at random. It s
lovered over the spot 'to be sampled and a bucket hung from the sampler to
collect the sample (Plate 6) 1 The atz uas turned on ‘and s S ©
strate began o collect {n the bucket the air,vas shut off. In this way an
average of six samplescould be collekted per txnk “of air. The conteats
Gf -the buckét: were poured throtgh an aquarium net, then Lransferred to
cottatnérs and flooded with 5% formalin made fron water ‘collited ie'tie
'sampling site. To separate the anphipods fron the substrate forceps 'uere_
used to pick out the larger ones. The smaller amphipods were floated out
using & mdified sugax flotacion technique, (Anisrson 1999) . Mhis process
1nvolved am.mﬂg the formalin from the sample and plactag the solid con-

tehts into an emaml dissecting pan. _The sample was flooded with a

sugat solution of 1,12 specific gravity (approximately 0.3 kg of sugar
pe; ix:er of solution). The fauna floated and were picked up with
‘forceps or a piece of paper. The.sample was drained,’ flooded vith fresh-
water and allowed to sit for atleast 20 minutes. The process was then
repeated. This. technique has béen used on amphipods previously with '
separation efficiencies of 85-- 100% (Anderson 19593 Vassallo 1975).
* All fnvertebrates were preserved in 5% formalin made with Logy Bay
seaater. Any animls under 1.5 m were discarded because of the
tendency of females to release their brood during the sampling and

preservation précedure .

T

S



- Foil-amd—growid—E5:d powder using 8 mortar and pestle. The Pilayella

. - Both of thesampling techniques described above were biased towards _ :
adilts as the young tedd to cling to filasentouw slgae. To collect the ~
yowg, Pilajélla vas collected with an aquarium net at a depthof 10 -

30 e at lov tide. A tufe of Pilayella as “scooped v abd placed in 51
formlin? Nost of the yowg amphipoda svan out of the Playells and

were picked wp with a medicine ‘dropper and preservéd 4n 57 formalin. |

The alga vas washed thoroughly in freshuter to remove the remining

youg. Any adults caught ‘in the aquariun net were ﬂiscnded The alga

was vashed fn distilled water, air dried on blotting paper o aliminu

was dried in an oyen (100' C) for a mininum'of 2 hours. The samples /
el

were kept ‘in'a’ desiccator wtil veighed on a Mettler pan balance (Model

no. #-34) to + 0.1 mg. &
M1 samling ws carried out vithin one h of low—tfde. Inboth ' . _
> L)
Loealitd o a4

id salinity samples collected

ttace and A}h:eﬁth anphdpod umpiu vere taken. Temperatures

. were matlsuu‘d u.;in! a Celnlus thermometer and snlinity wsing a hydro-

meter in’ the field or a cunduccmty feter 1nthe lab. ! i
" In North Arm lolyrood sampling wds cirried ow approximately once

a month fron Mazchlto September 24, 1977 as shon in Table 1.°Initially

£rom Maxch 18, £o Hay 21 all sampling wvas per formed using basket traps

and‘confined to site 4, Thereaffer all sites were sampled.

Dictyosiphon dn_the baskets began to .dissppear, pres
by amphipods. To comteract this, the amwt of Dictyosiphon in the
baskets vas increased, fron 10 st 205, afterime 21 and the time the

basket :xaps vere left 1n the | vater . zedwed from 10 dayn to 5 days. Atr
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site 2 the basket traps had to be abandoned in favor of air -lift samples,

Other problems at North Arm Holyrood also reduced the effectiveness

of, the sampling program. The number of G. lawrencianus collected in the

samples began to qeéune while the number of G. oceanicus was rising
dranatically. It vas found that quantitative sampling of amphipods in
Dictyosiphon beds was not possible due to the patchiness of the alga
and my dnability to effi¢iently magarate the amphipods from the algde

s s

Because ofi the problems encountered at North Arm Holyrood, Witless

Bay Pond_was sampled beginning on Jwne 18. At sampling sites 1,2 and .

4 air-lift samples were collected approximately once a month from June

18 to November 1 -as' shown in Table 2. At. sampling }1\“5 1,2 and 3

\
. Ptlayella satples were collected, from June 18 to Augush 2 as presented

in Table 2. . : 5

The fnitial sorting and 1de ntification of all vas

by eye or, vm; a Btereuscopic microscope.. In small samples aﬂ\,mphipods

were. Bexed uhare possﬂﬂe and easured to rl:ﬂhe ‘nearest 0.1 mm using a

- & Pl -
- stereoscopic microscope with an ocular micrometer. Where numbers were
o 7 s

lafge a 3 ’vns' 1yzed A11'length mea = were. from tip

et vt € i the felooa. (stecle and Stecle 1969). Sex
“eas deterntied by the presence of genital papillac on the males and
oos:egites on' the females. '.l'he presence 6f h‘i!s on the oostegites was
used to deten\iﬂe maturlty. Any amphipod possessing neither papillae mor
oostegites HE'Ke :ladsed as Im-exable (Steeli anrl Ste!l 1969) The number.
of amphigods 17 thie samplea was determined by comung or where numbers

were large, by aulestiuate. The latter was obtained in an ‘enamel dissec-

*, ting pan with 100 nmbered uquare.i ‘on the hnr_r_om (Pla:e 7). The amphipods
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samples).

various: sampling gites ( A< air-lift samples; B- Pilayelia

g

® 520 5,

t the

Date Site 1 Site2

June 18, 1977 2

.
July 9, 1977 “5 2
5 ( .

Ly

"Avgust-2,71977 3

Avgust 31, 1977 2 2
September 25, 19770 . 2
November 1, 1977-." 1 2

Lk
June 18-23, 1977

Jily 9-19, 1977° 57 .3
August 2,°1977 2 Lz
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Plate F. Enamel dissecting.pan used to estimite tha number of amphipods
in samples (approximately 1/3 actwal size).
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were everQy spread out and-about/25 - 30 squares selected using a table
of random nusbers (Rohlf and Sokal 1969). The nusber of asphipods in ¢
each of these squares was cownted and the mean calculated: The mean was

multiplied by 100 to obtain an estimate of the total number.

Growth, survival and egg production experiments. °
’

A1l An vhich G. were studied had the same

basic format. In all cases 500ml freezer containers (Plates 8 and 9)

H . y ¥ A
. were used containing 300 ml of filtered Lagy Bay seawater (salinity 30 -
\ i

33 %,). Filtering was perforned using a vacuun flask with a faucet
attachment and a Buhner fumnel containing #3 filter paper. A brood stock

of adule.G. was gollected at North Arm Holy-

rood. They were kept in a cold room overnight. (10" +

1 ) and transferred the next day to containers. The amphipods were -
incubated in a Hot Pack incubator (Plate 10)at 15 C wntil the eggs in

the brood” pouch hatched. Young vere resoved from the containers or directly

from the brood pouch with a medicine dropper. In this way 300 - 400

“young were collected per trial. The young were left overnight in an incw-

bator at the o for the To set w an

experiment the young were moved 15 to a container, incubdted 1n the dark

at the appropriate temperature and supplied with food. Water Was changed

- and food checked every 5 days.Food was provided in excess. It was collec—

ted at North Arm Holyrood before the beginning of each experiment and ¢

frozen. Any container showing sighs of was

Every 10 days the amphipods were comnted and a container selected using a

table of random numbers (Rohlf and Sokal 1969). The amphipods were

. v
. i
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Plate 5. Freezer containers with amphipods: (actual size). :
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Plate 10 Hot Pack incubator (approximately.l/10 actual size).
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preserved ' in 5% formalin for' later analysis. \This wﬁ:pnng procedure
vas repeated wtil mo containers remained, the amphipods became lirge
enough to measure live, lppmxims’:ély 4 - 6 mm, or the experiment was
terninated. Preserved amphipods were measured in Petri dishes while sub—
serged in 5% fornalin. Those measured 1ive vere placed in dry Petri dishes
where following an initial burst of activity they settled into a quiescent
state. The amphipods could then be handled easily with fine forceps '
without injury. They were stretched out, measured and ‘then returned to

were measured to the nesreat

their Lengths cf all ar
& <

0-1 m wnder a stereoscopic microacope fitted with an eyepiece m::ome:er, %

Tength vas measured'from the tip of the rostrum to the end of thé telaon,

Volumes. were' calculated ‘using the equation VA L3, When maturation occurred,

defined in these experiments as the onset of precopula, the pair was
measured and segregated into a separate container. When eggs were observed
i the female's brood pouch, the'pair was again measured and, the cggs
removed with a medicine dropper and counted.If the eggs had been present
1h the brood pouch for less than 24 hours,” they were preserved and their
average diameter (lemgth ﬁ w‘idth) ,measured under the sncereascapic miczn-
scope and egg volumes culculued using the equation V = 4/3: T 2. This
procedure was' followed through multiple broods until the females died.
Tvo sets of experiments were set up using the above procedure. Both
et SeRtyl T e AL Eieit; SR PReE LAY SRS
female at maturatjon. The first set of experiments dealt with the effect
of temperature on. these variables and the second with the effect of diet.

In the first set of experiments 15 ‘containers were used in each experi-

méent excppt for the 15’ C experiment where 10 were used. TetraMin, a

commercial fish food, was supplied as food and the containers were




tncwated at §', 10, 12 and 15' G. ALL contatners were kept in n,o/z Pack .
incubafors (+ 2 .C) except Jfor the 10" C experiment. ‘These were /;pt ina
cold room (+ 1'-C). The 5', 10°, 12 and 15' C experiments begdn o/n May
12, 9, 14 and June 9, 1977 respectively. ’ 3
In the second ‘set of experiments the diets included TgkraMin, a
tummetclal fish food contnll\ing plﬂnt and animal pmdlll:t , the fine Blgae

£ 1 and l’lluyella littoralis, the coarse green

alga Enteromorpha intestinalis, the Blue Mussel Mytilds edulis and no
fuad' ALl the algae tested were abundant in G. law enciel\ue habitats.

Another group of algae that would fit inthis categbry are the Fucoids.

They weré not used 1a these because/G. s, does not
feed on them (D.H. Steele, personal commnicalion). The cultures were kept
in a Hot Pack incubator at 15 C. The Teann SEEEL e vas set up o
June 16, 1977. The no food, jtilus and Dictyoaiphon on June 20 and the
Pilayella and Enteromorpha experinenta )A July 27, 1977.

\Selectivity

The selectivity experiments yere designed to determine the food

preference of adult and juvenile/Gammarus lawrencianus. Adult C. lawren-
clanus were collected from North Ara Holyrood.. Juveniles vere obtaned
from adults cultured in growt zand urviwiadpechuisate: ropoxtel preHounlys
Logy Bay seavater (salinity 30 - 33%. ) was used in all experiments. The

vere 1n HotPack at 12 ¢ (+ 2’ C) before

the start-of the experigient (within 10 days of collection). All animals

were starved for 24 hqurs prior to the start of all experiments. The

" experiments allowed fhe amphipods to select between five different foods
@ e




! : o & 27

in the experiments using adults and,five different substrates in the

juvenile selectivity efpériments. These included Pilayella, Dictyosiphor,

Enteromorpha, the adductor muscle’of Mytilus and no food in the juvenile

expertment or Kimwipes (a. commercial optical tissue paper) in the adult
experiment. TetraMin was not used because of its flaky consistency: and
tendency to produce anaerchic conditions. The experimental chamber con-
sisted of a large finger bowl 19 cn in diameter and 6 cm'deep with

volume of approximately 1.75 1. The circunference of ‘the container was
divided into 10 Squal sections numbered from 1 to 10, This alloved paired
samples of the five foods. The-food was measured by volume using’a 10 ml

graduated cylinder. Because of the different size and behaviour of the

1 1

danps, identical

adult and juvenile G. 1
could not be used. .The juveniles wege too small (approximately 1.2 mm) to
keep under continuous observation in the chamber. They also tended to be
sedentary, keeping in close ‘contact with &he Filamentobs algae ‘asi ‘re-
ported by MacKey and Vassallo (1977). Adulfs were much larger (5 - 12 m)’
‘and quite active.. Feeding generally involved breaking off a piece of

food and eating it while th motion. If left for any period of time with
. food they would distribute it tht%zughout the chamber. This made a
diffetent type of sele:cl:iv{ty e;{perxmen: necessary. i

In the adult selectivity experiment 0.2 ml of one of the five: foods

was placed in each of the numbered sections of the chamber. (Plate 11)
using a table of random numbers (Rohlf and. Sokal 1969). Sixteen pEeEaf
Lating peizs duers duolated for 'wsa:in the sdult salectivity experinent.’

The sexes were kept apart in separate contatners. Each sex was tested in

a separate chamber to prevent any bias due to pheromones. The experiments '
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“'constant temperature (10°

'

* N nen Stmnisk and Ehe: Elvw i 8b0dn used in growth &nd survival experinents:

29

. were conducted at night with a’ fluorescent lamp (apgrdximately sboo , -

" 1ux) hanging overhead as .the only light source. To maintain a relatively -

- 12° C) the chasber was placed in a water

" bath. An amphipod was introduced into the center of the chatber. The

,amount of tize spent feeding at each station vas recorded @til 300
seconds of feeding tine had expired. Feeding St s defined as the
ingestion 3f fobd, rapid beatiag of {he’ pleopods villla ‘sfationary md/or
the manipulation of food by the gnur.lhupudi. This procedure was repeated
wntil all 16 pnlrs‘ had been tested. L ¢ . !
The Juvenile salectivity experiment utflized the same bisic chauber
v‘i:_h‘ 10" piastie cups 4i8 ce fn. Elameter dnd 2.8 6a deep, having a voluse
of 30 ml.s A cup was placed iif each numbered section (Plate 12) and.weighed
down by two twenty-five cent pleces. Tvo ml of each food were placed fn
each cup using a tble of il sibire w NTore, T Sk LA

in a Hot Pack incubator (12° C + 2°C).and approxinately 1-1'of filtered

Logy Bay seavaterluas added. 25 to 100 juvenile sivhipods vere then,
released into the center and left for 12 hours. To terminate a trial, the
vater vas sij oiit of the chamber with a-length of plastic hose.” The ’
nﬁ;r of -:1”1 found in each plastic cup, uere recorded. This was
repehted for etght trials. )
AT 3

Food analysis

i) Bnergy content . It

Oxygen Bow> c.1mmtry was perfcmd on the axphipod Gammarus

TétraMin, the adductor muscle of Mytflus edul

N

( _
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gromd to a powder with a mortar and p!!l:le a4 compressed ko o 2

pellet which was weighed ard then combusted in an imheml oxygen bunb

calorimeter. The process was repeated for each food and or the amphipod
wmtil two canseum:ive readingi were o'buined within ]25 5 joules of each

other . (Parr I‘nq\:rumen( Co. 1964).

1) Amino acid analysis

.Amino acid analysis was performed on' the five foods used = .

P in growth and survival experiments and on the amphipod G. lawrencianus.

. fve f TetraMin, th £ tilus edulis,
The: five foods vere Tetrafin, the addictor muscle of Nytilw edulls

i S Pildyella littoralis, Dictyosiphon foeniculaceus and Enteromorpha - intesti-

nalis

The material was rinsed in distilled water and hamogenized in'a

suspenided matter, the hosogenate was centrd fuged at 3,000 rpn for 5 min
and the suwernatant’ filtered. To prodwe’a constant wlume the supematant

vas freeze dried overnight and then dissolved in 20 al 0f 0% Trichlo=

roacetic acid (TCh). This: Fluld vas vortexed at & ¢ for 15min, then

b i c!ntrifuged in . refri’getated «-cy sum1 Ultrm:em:rifuge at 10,000 rpm’
i

for 10 ‘min. The 5w and the prestpitat freeze dried

i overnight. The dry precipitate vas _growd to,a powder with a sortar and
pestle. Anslysis of the anino actd congtituents vag perforned via acid

I hydrolysis 6N HCL by the Mmaytical: Ultracentrifuge Anino acid facility

of the: Department of Biochemistry, MUN: The quantitative' analysis of the

amino acids was by 1iquid
2

- blender with' enugh distilled water to complete the process. To remove any

A
3
77
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“between two regression equatios.
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Statistical anlysis -

Probit analysis (Stanley 1963) was performed on the survival data

*from lab cultures and maturation size of fleld populations of Gammarus

lavrencianus The f1fty perceilt value was calculated and its standard
erigr deternined. The final regresaion line vas ficted am‘l its goodness

of fit Bing quare test. 1f applicable a t-test vas used

to determine 1f a significant difference existed between two regression
} < :
inest !
The 507 maturation sizes of G. lawrencianus collected at Witless Bay

Poud on August 2 and juguat. 31,1977 weze conpared using the t-rest mentioned

above. Survival data by fidence limics,
arownd the sox survival point (St.anley L963) iy

“Growth data for G.lavrericianus were first analyzed ae suggested by
Sokal and Rohlf (1969). Individual measurements vere transformed into
logarithns and confidence limits determined. This was sufficient for
experiment 1,where temperature was the variable. There was no overlap
in confldence 1imits. In experiment 2, where food Was the variable, there
was considerable overlap in confidence linits. The datawere furcher g
anslyzed veing s analyais of verlance coputer piogran (ilberta Statis-
tical Package, ANOVA-24). i

ALl regression analysis was done using a Fisheries Board Statidtical |
Package (A0S0 QQUV4) . The program aleo analyzéd'thé amowt of cowriance’

An arithmetic regression on the msber of eags iy the brood pnucl\ of
fenale G. lavrencianus to the body length vas e where the amouits of
data were ldequ:r.g,’l.e.'experlmnu using Tetrain (10°-C and 15" O),
Mytilus (15" C) and Dictyosiphon (15" C): Analysis of covariance vas also

Sestsc




the'two equations were compared by an analysis of covariance. _

perjormed ‘on the data. In the experiments using Mytilus (15° C).and

Dictyosiphon (15 C) enough data wereavailable to compare the wolume of

" the brood to-the volume of the female. A log-log regression was done and

" An arithmetic regression of the emergy content of the various
foods to the mean maturation’ of the amphipods fed those foods was also
done, Two separate regression lines were obtained, one for dry welght

energy content ‘and the other for ashrfree dry weight energy content.

Food preferences were analyzed by means of“A G-test. First tfie

paired results for each type of food item were combined. The null.hypothe-

sis that food selection vas random was then t

and {mmature G. lawrencisnus.

ed for males,” females




RESULTS
/ Fleld collections
1) Bnvironment

Temperat ure )
I wigless Bay Pond temperature aried little vithin il Betwoh i
three main sampling sites on any one date (Figure 3, Appendix la) but
Targe variations in temperture over short time periods were common.

For example on June 18 the average temperature’ vas 15.7‘ C but by Jue
27, u had dropped by approximately 5 Cto 11.1 C. Simflarly from Augist
2760’12 the average temperature dropped from 21.7 C to 13.4° C.

In North Arm Hnlyroud large wriations in temperature occurred within
and between sites (Pigure 3, Appencix 1b). Temperatures at the sanpling
depth vere on an awerage of 2.4° C lower than that at the surface as com*
pared to 0.7 C,at Witless Bay Pond. Tempertures at site.2 were much
highef than at.the other sites thoughout the sumer. It vas closer to

thie source of the river and directly affected by the warm river water.

Salinity ) .
In'Witless Bay Pond salinity varied, conbiderably within and between
the sites sampled with a range 0£ 0 to 2724 (Figure 3, Appendix la). i
_‘The average salinity at the suriace was 8.2 % and at the sampling depth
12.6%.. . . b ‘
In North Arm Holyrood salinities were higher and more stable than at,

Witless Bay Pond(Figure 3, Appendix 1b).:The ‘average salinity at.the

surface was 10.6%» and ‘at the sampling depth'24.9% ..At the sampling
depth the averags salinity varied the lesst with a range of 20.8% to

2.2% except for Septenber 24, wilen fouawd;g a violent rainstorn the
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Figure 3. Temperature and salinity at the varipus sampling sites in North
, Arm Holyrood and Witless Bay Pond (S - Burface; SD - sampling

depth). .
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salinity fell to 1,3%, .. The average surface uli‘nity yaried from 0%

0 21.7 . .
11) Gammarus lawrencianus populations .
Size composition

Figure 4 shows the size composition of the Witless Bay Pond and
North Arm Holyrood populations of Cammrus lawrencianu (Appendices 2

and 3). The two lations had similar Thee appearad to

be at least two distinct cohorfs,'a sumer and an overvintering one. The

overvintering adults dominated the air-lift ‘and cage samples mtil late

July - early August. The of the adults from

the ons appeared to to the of the smr'
;cnhu(::. Large nusbers of dead adults were'actually observed in Witless
Bay Pond an August 2. The summer cohort, when they appéared in, these
sswiles, aiready showed signs of Miturstion (présence of oostegites in
females ‘and genital papillae in males). Immatures were generally.only

collected 17 Pilayella samples and mot in the samplefs.

The redwtion in the mean’ length ‘of the North Arm Holyrood population '

on September 24 and the Witless Bay Pond population on November 1 (Figure
. 4) 'vould suggest a third, fall cohort, but continuous recruitsent makes
the identification of distinct cohorts difficult, -

The mean length of the cohort of G. at

North Arm Holyrood and Witless Bay Pond is presented in Table 3 The ==

| average length of the males was gréater than’ that of the females. This
size difference increased as -the summer progressed and reached a peak

of wore than 2mm just before ‘the oohorf disappeared from the samples.




Figure 4. Size composition of Gammarus lawrencianus populations at
Witless Bay Pond and North Arm Holyrood Bay. The number of

animals examined is circled.
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Table 3. The mesn lemgth of of Gammarus

lawrencianus. The confidence limits (95%) and number collected

are shom in brackets. Collections were made at A - North Arm

Holyrood, B = Witless Bay Poné.

iy et B R
MONTH Mean length (am) Mean length (m)
2 ales Feniles Males . Femles
6.9 5.6 el
MARCH. C40.35)  (x0.22) =< =
35) (s1) E
M 1.5 5.6 '
APRIL (+0.22) . -~ i
S - (76) »
& = 85" 6.6 2
MAY © (+0.16) (+0.10) -
(119) (203)
42 8.7 6.8 %= 0.2 7.9
JNE (£0.33) . (+0.29) #0.19)  (+0.10)
a7 18) (106) * (220)
9.2 69 10.3 8.2
Y (£0.24)  (+.0.15) ¢0.19) (& 0.10) F
asy- a» (66) (186) .
e .
? ity




sumner .cohorts were not comared.

The, average length of the popilations differed. The animals at North

Arim Holyrood were on average 1.2 to 1.3 m smaller than those.at Witless
] ; e,

Bay Pond. Becduse of continwus Tecruitment the mean Lengths of the

Sex ratio { E . ',r

Females conslstently n\unumbergd maleu, except in the September aud

Novepber samling periads st North Arm Bolyrood and Witless Bay Pond ’

respeutvely (Table A). In‘the nwmn:erlng cohort. fem.lu outnumbered

males with an average ratio of 0.58, Thére vege mot .enough individuals

collected fion the sumer cohort in Nor(h Arm Holyrood to'make sccurate

comparisons. In Witless Ray l’ond the sex n[iu was 0. 85 as the summer
cohort matured (August 2).but by Shefneh i enes i voah 0.47. In the

fall samples it appeared that males outnwbered females. rhesé.,sanplea’

were mde up of small individuals and the apparent predominarice pf males

could be due to the faster growth and . theréfore earlier maturation of

.. males. . % '

Distribution-and abindancee

The average mumber Of gammarid lmphip‘ads'colleuced per sample &t

both Hitléss Bay Pond and ‘North Arm Holyrood 1s prelantad n Figuze 5

(Appehiix ‘4). n Notth Arh folyzood oaly small ‘nimbers of Gammarws Lawren

cianus vere muectea, the samples consisting mostly of G. oceanicus

(Appendices % and 4b).In Vitleas Bay Pond G. larencisnuswas the onlly’

amphipod speciee collected. ' - 25 :

Beeause of the ‘small nuwbers of €. laurencianus cuue:ted at North

Arm_Holyrood much of the data collected concefn only G. océanfcus. G.
7 .

N
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" Table 4..Seasonal

~ 4
in Cammarus

A reports the nusber of males collected-g colum B the number of

femfles and colum C the ratio A.
v B

40

sex ratio. Colum

WITLESS BAY POND 3 NORTH ARM HOLYROOD
% Al
M B ;/ MONTH A B c
. S =
JuNE 106 220 0.48 MARCH 35 51 0.69
] b ’
JULY 66 184 0.3 APRIL 76 199 ©0.33
AUGUST 2 586° 697 0.85% . MAY 119 203 0.59
- . )
AUGUST 31° 163 348 0.47 JUNE 17- 18 0.9
3 o )
SEPTEMBER 110 238  0.46 Juy ‘16 79 ‘o0.20
'
3
NOVEMBER 209 33  5.50 AUGUST - 4 17 0.2
5 seerEMBER 9 ' 4 2.25
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. agm 5. ’l'he mean number of ymud amphipods :eumea per oample at
the v-mu- ul:pun; stees. The nusber of samples 1s cixeled.
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" lavrencianus vas mmmw umamd onlyat site 4. The numbers of G. -

. decline in' the fall'to.near its spring value (Pigure 5). This ovérall

 throughotit the summer with a maximum density of over 1000 amphipods per

" problems ‘with the sampling procedure mentioned previously mads such

i and 6. ¢ Llected per ssmple 42 site 4 are
presented in Figure 6 (Appendix 5). As the demsity of G. oceanicus

increased, the number of G. lavrencianus deciined from over 86 pef

sample in May to 4 per sample in August. By September the number of. v
(
amphipods  per_sample had risen to 19.5. The numbers of G. oceanicus had
declifed from a high of 527 per sample in June to 45.5 per samplé fn  ,—
s

September: ’ - 2

In North Arm Holyrood there vas a general increase in the dénsity 3

of gammarid: amphipods { mostly G. oceanicis)in the spring,with’a peak

in; Jue vhich was maintained over the sumer. The population tended tor
r =l &

trend was mot as apparent at the individual sampling sites. In the most

exposed site (Site 1) the spring increase in abindance tended to continue

sample in late August (Figure 5). At site 3 the peak was reached in Juhe
with'the population density stabilizing throughout the summer. At site

4 the peak {n June vas followed by a general decltne with less than 50

individuals collected per sample in Septduber’, The nusber of asphipods
collecfed per sample at. site  vas not included dn Figure 5, becawse

comparisons ‘meaningless. | N 5

In Witless Bay Pond the only apparent trend was a general increase in
abundance as the summer progressed (Figure 5). Site 4_(the brook)s
dceoimEes Sor ey 5 this Lnuene. There appears to_be a a'nu( in ’ .
;:hmaqncg from the dutflow of Witless Bay Pond (Site 2) toward the brankJ




Figure 6.

.The mehn' number of Gammarus lawrencianus ' and G. oceanicus

collected per sample at'site 4 in North Arm Holyrood Bay.
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(Si:a%),’l’hl{l_app!ared to be reversed in the fall.

The number of young G. lawrencianus per mg dry weight of Pilayella
collected at Witless Bay Pond is reportéd in Appanr]lx‘ 2a. The abundance
nf/G_ 1aw:encianu. appeared i BRLEHEE 88 yv‘uﬂg matured but this
coild be due to an increase in thesadatnt ‘o dlgaschiessnts

Size at maturation
The {507 maturatton size at Witless Say Pond was calculated by probit |
analysis (Table 5). A t-test showed g significant difference in maturation
size betveen August 2 and August 31 (< 0.01). In'the G. lawrencianus
population at Hitless. By Bond nskimiation among females occurred:at.a
smaller stz (4.2 m) oi-August 31.than on Augest 2 (5.1 mm).. .
. " Laboratory ;:esulzs
i) Suevival | S .

|

‘
Temperature

.Labo;amry survival of newly released Gammarus lawrencianus at ;
vitiuus‘tmperatux.es 1s presented in Figure 7 (Appendix 6). The lines
were fitted and 50% survival age calculated by probit analysig (Table 6).
Tesperature yas inversely related to survival. ALl differences dn survivil
at verious temperatures tested were ‘significant.This supported the

hypothesis. that higher temperatures decreased the survival rate.

Diet

Survival of mewly released G: lawrencianus fed various diets is

preséntéd in Figure 8 (Appendix 7). The lines'fitted and 50% survival
age calculated by probit apalysis (Table 7). The effect of various diets

/

i
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Table 5. Size'at which 50% of the sample females were mature at Witless

Bgy Pond. g
A (\
. . ' DATE % 50% MATURATION SIZE 'NUMBER 95% CONFIDENCE LIMITS
| - ; ) o ;
August 2, 1977 5.1 432 0:20 %
B Avgust 31 1977 42 (182 0.20
. 5
3 * B
.
|
e
- I
». I
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Table 6.:Number of days SDZ of Gammarus lawrencianus -\lr'l‘ul at various

‘temperatures. Tetralin was supplied as food.

TEMPERATURE 50% SURVIVAL 95% CONPIDENCE LIMITS _
g'c)' (days)
¢ o
§inse C1shs o . a3
0 - 85.0 | y 2.3
12 68.3 | "2 '

B P 414 1.6
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Table 7. Number

of days-50% Gammarus lawrencian:

survived on various

e

“diets. :
DIET . 50% SURVIVAL " ".95% CONFIDENCE LIMITS
‘ (pays). (Days). ,
o ; : &
N e
i NO FBOD 15 0.8 co
. TETRAMIN - - W14 1.6 % y
Mytilus 54.8 ‘2.8 =
Enteronorpha. 51.9 5.3
Pilayella 88.0 ; L 2.4 ¥
" Dictyosiphon 122.9 - 0.4
s . ;
e E k
Z : v
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fytilus and 1vwest on TétraMin. Fille algae increased .the mrvivxl rate

srenct par M!til%g, or TetraMin.

{

Grovth and mturation |

" wobe for ;

Tncreasés in length and seal 4:um10n at various tenperatures
and diets are ahown in Figu‘tes 9 and 10 (Appendi:en 8 and 9). The arrows
ndicate "the onset of sexwl maturation defined in this experiment as’
the first precopula. Before maturation Athe sexes vere combined. Alfter
saturstion bhe males’and females are’ shon separately 1f there were fiore
than 9 measbrements. However, with TetraMin at iz c where few fenales

survived affer first precopula and Dh:txaslghnn s gt a0

wrutmn wls found in “the stze and age. at mtuhtian, the mla and

fenale gtawth data vere eokled: Amphipods fed Entemmnrgha at 15 c
ot TetraHiu nt ; c dld not mature before teminauon of the experiments‘

The recmu,m at 5 ¢ exparizeic oily ras 1 for 70 days becawe the omall

size of t!'\e animals 2ive i The

v G
2R

1n a number Gf bouls redudﬁd the number of anml. in this experiment.
Temperatire had a direct effect on g:awth (Figure 9). With increasing

tempe(ature, the grnwth rate increased.: This resilt was s(ntistically

* plgnlﬂcanr_ over the range of the tempeutures tested sincd there was no

uverlap 1n confidence 1inits (Appendix 8). There s vere .m differencea, in

w1l ‘none remained bic tonditions
v

s
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"Figwe 10, Growth in ‘length and age at sexval maturation of Gimmarus - - ..

lawrencianus fed various diets. Temperature was maintained

st 15" C.
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the age at maturation.For nultllreu mmmned at 12° Cand 15 C, the
. animals matured at apptoximn:ely 40 days of age. The animals kept at 10 C

matured at approximately 80 days. Thére vas no significant difference in

the size at maturation of the females cultured at 10"and 15°.C. The size
at matiration was'5.4 mn aad 5.6 w respectively {(TablEE). Mot snowgh |
animals kept at 12 C matured to mke accurate comparisons. :

Algreat ‘deal of variation wab found in the effect of food on growth
(Appendix 9). An'analysis of variance'was per fovied on the imaature’ class
up to 90 days ‘of age and it Yot thae the effect of food on growth

was highly significant (P£0.001). Mytilus and TetraMin were mst

conductve to raptd growth of youg .. Liwrenciams st carly meuration.
Algae produced much slower growth and a later maturation. Becaise grovth
slows after maturation the animals fed algac. tend to catch wp to the
 earlier maturing ones. Food had a statistically significant effect on
. size at'maturation (Table 9). Those fed TetraMin and Mytilus had a
watheitdon size of 3+4 '~ 5.6 mm. Antmals fed che fine slgae Dictyosipion

and Pilayella matired at 7. o and: 9.3 ma respectively. As grouth tate

tncredaed the age and' size at maturation decreased. 38

* . . "
_ 1) Fecundity E
Y Temperature ‘ .

" The number of egge produced by females at temperatuies of 10" and
15 ¢ 1s pregented-in Figue 1i (Kppendix 10) . Reression amalysis produ- ,
j ced eq\ntions ofy=, 951.— us for. 10" ¢ .ndy-mL - 25.6 for .

15" c An annlysia of camxme it that"the two regression lines .

vere siyﬂftcuntly different (2 = 0. D‘9) The lov level of siyliﬂcamce

\
aug,guta #hat more data are necessary. FR . gt
: 3 . , W o S .
i . o A
? U5 3 < ;
. i
1 . A
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5 Tablé 8. Mean size at maturation of fenalé Canmaris lawréncianvs at o <
i E various temperatures. Tetrakin was supplied-as food. iy &
X .. TEMPERATURE.  MEAN MATURATION SIZE NUMBER . 95% CONFIDENCE LIMITS
. . o (mm) : 2 " 5
: 10 5.4, 8 0.42
15 5.6 24 0.28
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! Table 9. Mean size of maturation of fevale Gammarus lawrencianus on .
various diets, ‘
e “e & et
g‘ _DIET MEAN MATURATION S[ZEJ NUMBER 95% CONFIDENCE LIMITS'
, @m)
TETRAMIN. - T I T 28
Mytilus T Sk 14 s . i
Pilayella 9.3’ K .8 Y X ) "
Dictyosiphon -7 _— 8 - 1.00 R £
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Figure 11, The fecwdity of. female Gammrus lavreictanus at 10' Cand .
, 15° C. TetraMin was gupplied as food.
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Diet

The egg production of females fed g&, Dictyosiphon and- TetraMin

1s 1n Pigure 12 10). The equation for
Mytilus vas y = 81 L - 31.3 , Dictyosiphon y = 9.2 L'~ 51.5 and TetraMin
y = 7.4 L - 25.6. The difference between Mytiluw and Dictyosiphon vas

significant (P¢0.001) as it was between TetraMin and Mytilws (P<0.001).

Fever eggs were prvducad by Dictyosiphon but ths‘y were larger than those
produced by aninals fed Mytilus. The mean diameter of 92 eggs produwced
by animals fed Dictyosiphon was 0,391 m with a -nndmx error of 0.002
m wheress 72 eggs from animals fed Mytilus had a mesn diameter of
0.%8 mm vith a standard error of 0.002 mm. Ho eggs less than 24 hows

olrl were cnllucnd from TetraMin. The regression 1line fot the calpullun

o( the wr'-g of the brood ‘to thlt of the- female was log V & l 104'1og L
- 3.199 for Dx:ﬂtghnn—md log V =0.918 log 13 - 2.585 for Mytilw . -
(Figure 13; Appendix 11). These fvo regression lines were mot sigaificantly
dtfferent (= 0.053) but the lov probubility askes this result inconclu-

sive.

111) Selectivity
The selectién of various food items by Gamarus m:anchms 15 -
pregented 'in Figyre. 14’ and Applndh:el 12, 13and 24. & G-test ‘(Sdkal anid
lnhli 1969) was used to tesi :he hmth:sil thlt animals selected
emidony, e hypothests was njecced 1n all cases (B0.005) so some

degree of se.lec:ivlty must ‘be concluded, .

Both adult mles (Length 10-12 m) and fenales (ng:h 6-8 m)
-vaéld 4 tarked putez}sf- for \_11:11 : Thin chodes sciowted Sor 16
75 roi total feeding ‘time S both ‘geres. The te-li.nlng 25- 30 Zvas




Figure 12. The fecundity o

Mytilus and

(e

: 'T.le‘ Gamarus lavrencismus fed Tetrakin,
¢ x b - -y
\ ] ;
N\




11

P T

. ww-wiowa1 Acos

oL 3

- ) H
0
a
@

L AW e
. ipiins s

oy

: \







100

f
: E] :
% = ..vm
5 'm
_ i T8
.u |
B G .
~i8 8
i3 °
% 8 -
e 0o K -
N T - - 1-. -
4 -
3 % N
By g




" Pigure 14, The sélection of various food items by Gamsrus lewercianid,
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{lﬂl ch: wrlo\ll food 1!— was ~ By Ih!

“together seounted fox 147 of the selections. They appeared to sow 5o -

no-food, ;
1v) FPood analysds : . *
Ene content -~ '

. Energy o . o3

imature food

could not be proyen- .
because the -.11 iize aad secretive habits of the yowg preclsded dtrect

obun-um of food selectivity. Instead their pmt‘-mu for u-o-:huun

S0t various food items vith that for mo. food, the seléctivity of youg " -
©. lavrencianus fould be determined. ‘Yowg (Lesgth 1-7 mm ) prefer .

fine algae, elpe:hlly Pﬂlxeul (Figure- 14). ilayella and chtmliglwn‘ -

prefnmnu for !nt-:om;gh- since the number of uduuom was; very * :
similar ‘to that for no food. ’l'hzy salund Mytilus far fewer times’ than
X R

nem.ycamn: per ;mdry weight- and per gres ash free dry

weight , oi G_m hvmeunu and warious fdods are preseated in

Bigure 15 aad Table 10. T :oqu'hun to 6. livienciams, Mytilus
and Tetratin had a higher, and the algse a lower energy content as

presented in Table 10. .

The energy content’ of G. laenctame (16,612,2 Jfg dry veight and : K

Zl 305.8 /g llh free dry valsht) wvas sinilar to that ﬁollnd by 'lodg

and qudxi‘(l917) for the freshwater amphipod G.

8 :ua The energy '

content of G.fasciatus vlried maonll.ly frou 16,497.5 ta 17,815.5.1/g

dry Heigh: and 21,002.2 t5. 22,820.7 Jlg uh £ree dry veight. Brawn et al.
(1968) : fond that the Auphipod.l callectéd'in St. Margaret's Bay, Now ¢ ol
Scotia had a dry weight energy content of 15,73.0 J/g. Not'all amphipods 8 |




. . B E ’ \ 5
” S ,
53 .

Ve L v ©
Figure 15. The energy content of Gammrus lewrencianus and various food,
- items, - ' L B p ) .
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Table 10. The emergy con;unt

of Gammajus lawrencianus ‘and. various 'food.

'ENERGY CONTENT (3/g) o

i <. -7 . DRY WEIGHT  ASEFREE DRYVEIGH ..
o b T L " 4 .
Gamarus Javrenctanay -~ 16,612:2 ' 21,3058 " ¢

22,516.2
4

23,019.5 .

T meteadtn 7 20,5037 T Tk Y
Pilayella' T, 1020 RUE 7SI ERGO
. Dictyosiphon' g 117,027.2, 18,%29,7  : - s
g . ;
‘Enteromorpha o o 15,7657 17,262.8 .
f =
% # ) s
{
\ ‘ 3 5
\ by e
S -
: ”




differences in total amount of sminn\.cid, the per cest composition was

- aeasoully from- 9702 7 to’,14,008.0 :/g. : ) R

fall vithin the raoge Of these' réadingé, Tyler (I973) fomd that the dry. ke

weight energy :an:zm: of the gammarid awphtpﬂd L!gto:heirns Ppinguls vnrled

A ! : J .
Amino acids PO S~

The umﬂ.na“uid cnmyositlou Qf the nuphiypd G lavrencianus and variouws -

¢ fund items h presented itl Table 1l. The mesn toul quantity ff ‘each nnino

a1 pervmg of residué and the percenf comosition of esch amino actd of

the total’ apount ‘of anino acids 1u the residue was calculated and the mimber

of ‘amino acids:in the foods that were within the range of those of the -
 amphipod deterained 48 Deshimru’ind smgm (1972) d1d for the shr'imp

M 1-genicus (Table 12): % %

Tn both the mean and per cent cosparitons Tetraiin had the smllest
mnnbex of amino acids within the- nngz of the amphipod. xnmomxg\u had the kK
largest number wlth‘mtil a close ucund The fine ulgpe Pilayella ands i
Dictyosiphori had - fev.antno actds: vhose mesn cade within' the range of the
amphipod, but they did much better fn the percentage comparison; nyuh close - It .
to twice as mny simfjar- anino acids ag wvere foud 1 Tetralfin.

Hadjfstephanou (1978) performed a simflar amino dctd lnx;lys_ié on ‘a nusber
of :food {tems including Tetrakin and Mytilw. ‘He fowmd that Mytilw contathed
3767.1 nanomles o f am{no ucid per’ng szielidue. This stuly found 3371 J ’
nanomsles of autno acid per ng Of residue. The per cent comosition of the
Vltiu\ll amino lcids was. alsa ﬂ’-lnillr. r the TetraMin anllynis he found
1564 sanomles per kg of residue, this study 1521.9, a difference of over

‘1. This may nirror wriatims in the quality of TetraMtn. Despite Large

similar,




~Table 11. The amino -cu composition of Cas
(

* — mean and range from o
amino acid to total of smino scids 1n res;

65
1anus and various foods.
of each

tilwd

AMINO ACTDS ' My
¥ uunf x" MEAN® RANGE® | I#*%

0 5
0. 0
0 0
. 370.5 322-396 11.
159.6 134-174 5.

176.6,155-1900 5
138.0 117-149

1

.6
347.0
.6

9

4
Y]
3,
7.
97
92
7

‘'112.6 82-131
231.9196-252

90.4 78-97
¥ 120.3 101-130
i AMMONTA 278.3 231-306
i ©* . LYSINE 189.8 160-207
¥ HISTIDINE 70.1 58-27
¥ 5 ARGININE 137.4 117-149
h 3MEHIS - 0 o} 4
B Enterosorpha - Pilsyella
CYSTEIC ACID 12.3 1113 0.5 2.6 0.3
METHIONINE SULFONE, L i o zlbss [
HYDROXYPROLINE 10.3 7-12 0 0
ASPARTIC ACID ~ =~ 264.5 263-267 I 91.0 1 9.6
i THREONINE 140.9 140-142 50.4 753
H SERINE- . 51.2 5.8
| PROLINE 3.2 4.2
! GLUTAMIC ACID 8.2 8.8
GLYCINE 79.5 CHAE
INE ms £ 9.6
HALF CYSTINE 3.9 0.6
VALINE 5.4 25,8
] METHIONINE 8.4 2.1
| TAURINE - by 0
P ISOLEUCINE 3.7 3.6 3.3
: LEUCINE B 7.7 58.6 6.8
| TYROSINE 2.4 138 231
|  PHENYLALANINE 107.9 101- uz 4.2 29.1 3.3
AMMONIA 21.1203-284 9.3 13%.9 1 6
LYSINE, 111.8 110-113 4.3 40.3 4.8
i HISTIDINE 37.1 1.4° 10.8 15"
| 103.3 102-104 4.0 28.6 4.0
| 3 ME HIS 0 0 0 0 o
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foods. :o that of Cammarus hvmllm-.

A‘duo ACIDS

DIETS

66

Simlarity of xmm acid uqmnrm Pu:tm of nnou )

us Tetra¥in EnteronorphslPilayel tyostphon
_,_L__L__

. MEAN X MEAN  MEAN % MEAN % %
Cysteic acid * LI . Lo * + * * *
Methionine sulfone & % + 4 { e o

~ Hydroxyproline " - % + o+ + AL e * * . *

CoAspartic metd | & 5 - = . S AT
Threonine ¥, o * * N ]
Sertne ¢ . - ot R
Proline ‘w. & * % =W -
‘Clutasic acid A- - - - - -
Glycine - = :\'.,\' s+ - ® - +
Alanine SR R o P e S R
Half cystine e o - Sl Wi e
Valise £ e L T IR R Ul
Methionine EEREE TR -5 ik Le & *
Taurise O QR e e
Isolewine ST S | e R gy *
Leucine * * - - * * - - - *
Tyrosine ®E, e 2 ST N L.
Pheriylalanine 2 CRE . R 2 SR LR .
Ammonia O w » + -+ .- +
Lysine R ik & el k. iR
Histidine - - s - ST Sy, gk, ey e
“Arginfie * ey, = Ty S e S *
¥ Me His + * * * - * R * *
NUMBER WITHIN RANGE 11 12 3..6° . 1l - ‘14 4 10 4 13

*- The amino acid composition-rate vithin the range of + 0.5% for pmmuge

cm.tllnn and within range (Table 11) for mean comparison, lre- that of

. G.lavrencianus
+ Over the range
- Belov ‘the range

B v
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¢ DISCUSSION S

1) Life ¢ycle and femle reproductive cyr_le in :hg fleld

 The 11£4 history of Cammeris 1 -:onmts of

adults vhich release thelx broods in the upxh\g. "By the time the Hrst:

brood mttures, the o adults Eron the

This dual 11fe history 6f large overvinterin adults and o faster

*_mituring summer cohort of smalfer individials*is fond ns nimbey of

Bous field (Van Dolah j97é) .

other 'gamiarids, incluling G. pulex (Robrough.1973) ‘and G. g ustris

N

The 11fe ¢yeld and female roproductive cyele were similar ‘to those .

“found by.Steele and Stgele €1870), and d1d rot vapy lpprecllbly b-tveen

“ the £wo. .mpnng 1ocmans (Pig\n’a 4), A n\n‘ber of factors that affect

[ ithe 1ife and reprodpctive” eycle such as. the dubhtion of embryoiife |

_‘developmn (Steele and Steele 1973) are. signiflcantly ‘influenced by

temperature. The temperatures at the two sites ‘were mckedly di fferent
(Figure 3). Possibly the animls in North Am Holyrood speatan  *

' 4
-ppxecnble amwt of time in the warner surface vater and/or the

sanpling progran was wt gensitive “engugh. to pick & the differfuces in
the gerle reproductive cycle thap existed.

11) Distribution and sbindance

North Arm Holyrood has ‘a mwre "marine" environsent than Witless Bay

Pond. Fresh water coming dawn the North Arw River flows over the denser
seavater vith iitéle nixing:(ippendd 1b) . Mixing 15 almost complete in
Witless Bay Pond at low watier, a1 s water Hows dnko"the pond through
A“lﬂallov channel abov the lighter bracledah el slready in-the pond,

and'as the denser Beswater sinks,” it mixes with the brackish pond wate.
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Tnwrtebrates inNorth Ara Holyrood, if {snu'mx by hgh temperature or
¢

lov salinity surface water can escape to the ore saline, lover temper -
ture water belov. In Witléss Bay Pond o stich escape.is’ possible at low
water_ and any anisal living there must be able to. tolerate larger changes

“tn :empem(-re and aalmiy than thosé at - North Arm Folyrood.

- b
€= < hnu a wre_northerl

(Suele and Steelz 1976) und does not Ipp&!f to r.hrive Xn tewar.nl:lsl
Cower 15" G (Stedle and stesle 1972) . 6. lawTencianug can_ grow and
‘reproduce at temperatures over 200 C (Steele'snd Steele 1973, Witless .

Bay Bond is a better habitat for G. lawrencisnus thanG. oceaiicus.

6. lawrencianius va .the only -amhipod collected in Witless Bey Pond.

In North Ara Holyrood'only site 4 contained comsiderable nmbers

06, 1 G. ‘oceanieus and 6. 1 1 ire ‘both euryhal

- gad eurythers 14,1973, ly - there appears: to be
w0 teason for -thetr absence from any of the sspling sites inforth Am
wiyraod. The lak of spatial ev!rln'p in gamartd amphipods his Been
abmved previously. Vassallo (1975) fomd that of the 4 spum of.

« Gamarus cnllm:ted in Br%dgepcn‘ Basin, Nova Scotia, 90% ;orf the ‘indivi-
duls pei sampl; consisted of only 1 species. Discrete distributions of
/Fzclosely associated species 1:‘: the rule !léher than tl:z exception in .
5 r{W‘ rine fovertebrates (Hesiows and Camybell 1972)./Rygg (1972) studded
the distribition of G. duwbent Lillj. and concluded that  specific
¥ pehaviour pattems were ‘probably ‘reéponlible for its restricted habitat. .
' Betttoon and Dawiport (1976) demnatrated the high degree: of balinity.
preference of 8 number of gammarids. They hypuzhesized that lnimnls

stay well vithiftheir physiological ‘linits. but 1f they are igrced

a0




7 vater, This habitat vas mot sampled in North Ara

" progressed (Figire 5) ‘l'hil Ll be de £6 8 |\m¢r rgration of G. lawren- .-

cian: 6 -bracklsh, varmer

from mghly llllna, Tov, temperaturé "habd.ta

od due tothe

ok £tness o the North Arm River.. Tn Vitdess Bay Pond thers vas a-

genersl ‘shift o’ the abondance o £ G. lawrencianus from the out floy of * 7 .

the pond to the Anflov (Figws 5) Steele and, Stesle .(1970) a-luo mte'a C

sitmmer inicedss 4n the Sumber OF mma..l. in’ freshe’, upi.dly flowing

vater and Bugp.ted that; these wars animals ax-pmmg ‘fron the’ wvu.lugimhs e

s cente of abwdance i more saline -:z}' Van Dolah (1978) seuitéd a -

similir but mre’ southerly nyu::.g.. G Elluttil and" fownd that it .

migrates into subtidal :eglvnl during the viﬂter and" mo ves bu:k 4nt

intertidal  habitats during the spring.: Suu and Kilce'. (1975) ,fmnd

that ettocarpoids, of whitch Playells 1a oné, haves seasonal -distribu-
tion. They are more névxo_ ia the sumer when “their, center OF distri-
“butitos ip dn atertidal and shallo vater sfeas. In winter they are

nbundun( in leeper mter. Polli.blzG. lawrencianus hna devtlopad L

seasonal migration vhich to’.the dist 0 n of this 3

food dtem, T L
d1atribuELoni observd at both-Wicless Bay Pond and North Arth uolyrond.

litgration bys not been L 1 ed 10 G..

more fusarch; 15, nicigiay J before sy’ contiusions can b drawa.’

0 o Bl V'I

Oth: l!rn!.el ¥ .
(en/:mt

encianud migrates :'hp would éxplain the “population’ -




.
at, Hiuess Bay Pond. This may be due* to beliaviotal prefetencel of the

adul: and yo\lhg. Young are quite sedentary, tending to artacti :hme)ves i

to ﬂ’lxmentnus algue (Hacx.y and u.kuue 1977). They ‘are poor swimmers . @

i
|

and as they are, rel&ued fmu the Brood pow:h they would probably be - R o

<!

., carried out of the eutunry 1 ‘chey dld not. hold-un to -uuthmg. Aduits

are much more ‘active.;They feed on algae by l:raaklng a branch off and e P

i
i
b
§ il\ges[ing it Hhile mming: (persml abum:im;a). v L
L

6. lavreficianus 1s quite cnnnlbalistlc (MacKay and V.u!alla 1977)

i
: dnd females will: pven consume. yousy aBthey are relessed from the brood
i A & > : i

pouch, (Pex,mui nbée_rva'noné) ‘The bekaviour .of the youg may protect

5 :hzm Eram the .. wxumus'uuu's. 'Ad«],tn are strong Mm.e!s;v
P e |
' ,/!/ They un mve up. stream against) a mderax:e curren( wi:h xw/dlfﬂcnlty |

0y

2 (pencnxl abservacinna) They are gemerally fowd 1n ‘st flmiing |

gk
brackish water during the n\nmner (Steele and Steele 1970 Pilayella ,. |, Bt ‘
i

the dominant filamentovs algs in the sariflas atatel, sppedsd togfil)

1o’ sual1 paols and slwly mving vater and ‘aot tn strean Badar; The

- &
. P
S adults- relesse their young i lotic vaters and they are probably quickly
Ly |
. .. ‘arried away £rofl the, adults and tovards the algae. In:this vay the . . . i
\ adults and young are effectively separate . i
e i A . i
. I 5 ;
141) Size composition )
e " u the two sampling zechnuwe- uccur.tely sampled the North Arm o ~
s |
|

Hnlyrood and Witless Bay Pond popuhtinus of ¢ lawrencianws, a mmbex !

of dlffezem;es extot within and between the two populntlons. At both

1ons, miles were larger then females (Table 3) This is common to

- msz ymr,.ld populnthml and is pn:b.lbly the muu of a faster gmvth‘




i

3 ; g v o,
rate in the males. After maturatidn ’f‘emales' must expend a great deal of
energy producing eggs and therefore grow at a sloer rate than males.’

e

The mean size of the North Arm HRlyrdod population was-emaller
than the~one 2t Witless Bay Pond (Table 3). A variety of fnpc;m affect
growth lnch'lding temperature and food. The latter probably differed it
the two locations. Unfortuately nof” énbugh animis wefp collefted at
Nurth’Ann‘ Holyrood ,du}i{ng July and August to detoratss the size at |
maturation. This may have provided further insights into the contmllln;

factors of maturation size ‘(Wemner et al. 1974).

1) Sex ratio . ' i : : N :

There was-a general pridomindnce of females throughout the year, .

except in the fall vhen the earliér maturing males outnumbered the

. “
" females (Table 4). The relative number of males in the overvlntéring‘

cohort decreased as the season progressed. The maturation bf the summer

cohort brought the ntxu“@ to 1; This was similar to that fownd in

a‘population of G.. Ehus:na by Van Dolah (1978), but wnlike the popula-
S :
tion at Wifless Bay Pond, the Fatio stayed close to 1 witil Septeshér.

The unbiassed sex ratio in the newly matured symer cohort suggests that- * .~

i N .
there is no direct genetic adjusthent but an indirect caise such as

1 i :
differential mortality. Weaner (1972), after reviewing the literatwre,

concluded that in Crustacea, an ubiassed sex ratio among matuwre animals
1s the exception rather than the rule. A nimber of factors controlling

sex ‘ratio have been identified

genetic ba dahein 1978) S 1 1 %

(Wildish 1971; Myérs 1978) and differential growth (Wenner 1972).Wemner

(1972) fownd that the sex:ratio for most Cristacea was a function of

5 \




' Wiltlish (1971). He ‘stressed the impact biassed sex ratios .could have

. R = 2 : d 72
§ 5 \
size. At maturation most sex ratios are close to.l. As one sex outgrows
the other, ratios tend to be biassed. This appears to bé'the case in

,
thia study. Males are consistently larger thim fenales (Table 4) and the

size difference increased as ‘the sex ratio decreased.

5
The adaptive significance of a blassed sex ratio wis discussed by

on the reproductive fotential (R) of a population and déveloped an
equation to 11y describe it. He ) that . N

e - .
5 K = x (bnp) wvhere - \

x='absolute nunber of ferales S
b= mean brocd number
n= anum-r.gd number of broods in'a season

p= per cent females in the population

He itlted that 1f b and n are le!l’.nnts, an lnﬂ]\lal sex ratio would
lncrease of decrease, the reproductive potential * : ’
of a population, provided each femile could mate sucessfully. Therefore,

the reproductive potential of G lavrencianus populations studied wds

enhanced *3 the predominance of females. Wildish (1971) studied a mumber
of populations of the genus axc?um He fownd that those exposed to
stringent estua!lne conditions tended to have a high percentage of females.:

o
He . m: their strategy wag to maximize R. G.

laurencianus is-also fownd at sites where dramatic changes in'tempera-

ture and ‘salinity occur. The biassed sex ratio in encianus

populations could also’be part of the reproductive strategy of the

pactas | f\
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V) Effects Gf diet and temperature
The results of this stuly show that food quality as'well as tempera-
ture are important factors in the biclogy of gammarid amphipods. Diet
Hiad a significant ef}ec{ an’suw:v’-l_’(ngu:é 8), growth (Figure 10),size
and'age at maturation (Figure 10) and fecwndity (Figure 12). Sum@
was maximized on a diet. of fine algae. Steele and.Steele (1975) fowd /
that the timing of the.release of the young was coivalited vspbe spring
bloom of ephengtal algae and hypot}éaized that fine.alga :llw for the
gréatest survival of fhe young. This hypothesis was_supported by this
study, bui'Myeilus rathei/than firie algac was the optimm diet for |
saximum growth and fecundity: Antmal matérial would appear necessary
for rapid growth and early maturation, '
B0 ofivious correlation vas fowd batwsen the qustiey of antro acids
15 thie ‘oods and thie growth, survival and fecundity of 1wrenumua. 2
Mytilus most closely nppmxﬂnﬂtgd the amino' acid makeup of the amphipod

(Table 11) and had the best gmvch and fecundity, Shut TetraMin vhich was

" deficient in many. antno acids aleo had very good growth and fecwiddity,

maturation of G..

clusely approximating tj‘ut of Mytilus, TetraMin had a poor survival rate
- A .
(Pigure 8) and this could be due to the lack of essential amino acids.

The, energy content of the diet appears to influence the growth .and

swrenciants. The total energy content of the foods wis
]

compared. to the resulting maturation size and ‘the :esulta are presEnted
1in Figure 16. There mas ahigh correlation :oefﬂnleﬂt, 0.98 for dry

weight energy content and 0.96 for ash free dry weight energy comtent. _

Hovever other factors evidently influence the effect certain diets hive

on_grovth and maturation since Enteromorpha had a'dry weight esergy Il

]
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content well above that of ‘the other algae tésted bu no animls fed
Enteromorpha matured during the course of the’ expezin:nt. The andine
of ‘energy an animal ﬂcl:uelly ‘assinilates is de(ennined by such fnctoxs -
as abu(—ynoq efficiency, feeding rate, etc. V-dns (1977) :fowmd that

d 5.

3 for thg sea wrchim

there was an inverse correlation between growth and absolute energy
/\)<7 value n}f‘ the algae consumed; but a positive cexu;i;m;n with energy uptuke.‘
Vadas (1977) suggested n.L: aline have developad vartous mechsiisma
to reduce predation. Some have reduced their availability by becoming
A epheneral. ther algae have developed various structural ‘anil cheniteal
v defense mechanisms to inhibit grazing activity (Vadas 1977), Jansson e
Matthieson_ (1971) fownd that Idotea chelipes (Pallas) could At eai
coarser textufed Cladophora glomerata (Kutzirg) filaments. *
The quantity of ;e1iu1qs‘e $a i et T Wy b Tosstit B e
I digestability of a cell. Gronshav et al. (1958) determined the cellulose
" content of a-wide variety of algae. They found. that' the tell vall of
guen algae generally had @ higher cellulose contentthan brnwn algae.
“. . For cample the browm sl Fucus serratus (L.) had a cellulose content
+ “of 13.5% whereas the green alga. Enteromorpha sp. had z!z Cellulose
generally nafes wp a small percentage of the' cell wall of algae (Dodge
1973) and_ié present infthe form of micmfibri‘ln These‘gicrﬂfgbrils are
- ' enbedded {n an’ amorphoud\matrix. The make up. of the: amrphous matrix.could

also effect the téxture of the cell wall. The arrangement of the cellu-

lose microfibrils may influencelthe strength of the cell wall. Entero-
morpha sp. ce'llulosa fibrils are randomly arranged whereas Ectocarpus,
| =-an ectocarpoid bron alga similer to Pilayella, has a “predoninately

transverse orientation (Dﬂdge 1973). This would make Ectocarpus cell

Y
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& . . walls easier to break. In this study animals fed Enteromorpha had a much
i ! Tl Enteronorphs.
| lower growth and survival rate than diets of Pilayella or Dictyosiphon.

Celldlase activity has béen fownd in th gut of a number of crusta-

ceara including G. oceanicus (Halerow 1971), G. pulex (Monk 1977),
Orchiestia gammarella (Pallas) (Agrawal 1964) and Mysis stemolepsis”(Smith)
. (Foulds and Mann 1978). The cellulase enzymes do not appear to digest

cell walls. Agrawal (1964) found that 0. gammarella was able to digest

; o
i . Fiiter paper but not the cell walls of algae. Monk (1977) suggested
v’ that other enzymes not present in the gut of :l!phipodq Snstietraruid
. ,,/ on cell valls beforé cellulase is effective. ) .
. Ilon— cellulose Cell cn.verings also 1I|h1h1[ dlges:icn. Heore (1975)
~ foind that when (C. puléx)vas fed the diatom Cysbella affinis Kz., the
most abundantalga in the gut of G. pulex in'the fleld, 66% of the cells
’ :

“possessed intact chloroplasts after passing through the gut. Virtually ,
‘all the intact cells were able to survive and .r;‘pxud;x:ie. ‘Moare (1977)
reported that thé relative number of fntact cells increased with a.
decrease in temperature. Abolmasova (1975) fowd that G. olivii M.-Ed.
th an assimilation efficiency of 65 when fed the ‘diatom Cystoseira
.buba:a (Gosdet Wood): Ag. and that temperature had o appreciable effect.

The literacu'{e appeara contradictoty but this may.be due to the specific

properties of the amphipod-species and/or algae tested or methods used.
: & E

i 3 ] - ‘
A number of studies on gammarid amphipods have féund that texture

was a primary factor in food Lubyanova and henké (1970)

; ©.found that when G. bnunxc'ua-(n.) was offered various plant foods, Ats

E 1 .
. 5 prefetence appeared to, b on the, 1 of the
material, Ravanko (1969) reported that G. otednicus preferred soft and




. \ e g
fragile algae. Maréin (1966) found that G_ m&ax also ;electecll;uoft
membranous a;d‘, Flaentous algac: The potential nutritionafideive off
the algae appeardd to be unimportant. Moore (1977) suggested that
what was influencing preferénce was the relative menézh'of the cell
walls. He stated that any cell walls not broken during mechanical
sastication vould not be digestéd:by the adimal, . ° .

Obvtously food :e‘x:,(re 1e Qxlpox,:un': in the feeding blology of
ganmarid a‘h’phipo&s, especially young who have sma]:le'l" mouth parts.’
Yowg . lavrencianus preferred fine algae, especially Pilayella and
shoved 1o preference for the coarse green alga Riterduorpha (Figure 14)
which had a higher energy content (Figure 15) and an aming acid compo-
sition closer to that of the awhip&d than was. Pﬂ:lzellu (Tablé 11).
They avoided Hytilw even though in lab ‘cultures 1t produced optimum h
growth and reproduction. In the fleld yowg terded to 'stay in the - .
Pilayella and were not collected to any great extent in. benthic samples

" (Appendix 2). Young are not very active svimmers and at least under
laboratory tonditions tended to cling to filamentous.algae 16 1t vas

S~ 5 asn
available (MacKay and Vgssallo 1977). This would suggest: that proted-

tion is more important than optimum growth and early maturation: Feeding

adults, place then in anoxic conditions or inctease the danger of the
young bedng washed out of the estuary due t$ lack of proper substrate.

Adult G. lawrencianus had'a marked preference for animal material — /

(Figure 14). This ié not wncommon in- amphipods. Anderson and Ragsveldt
e )
(1974) found that G. lacustris lacustris G.0. Sars rejected plant
material if live animal prey was,available, Lubyanov and Zubchenko (1970).
: . 3 3

i
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l reported slmilar reuults for G, bBlcunlc\u. 6. humndnmm Iuls been

i

E: i " . obseived in the field feedinlg on dead squul lnd flatfish, old bones and )
i 1ive inucr. larvae (personal. obsexvuionl) Adults also show predatory

} behaviour patterns. Thay acu.yely attack food items. If the animals.were

: L.
completely herbivorous or detritivorous, such behaviour would not. occur.

i ) ]
Aninal material could provide ‘a high ehergy (Table 9¥, high quality ;

(Table 10) diet. The denuizy o‘i G. lawrencianus in zhe ‘field (Appendix - )> ¥
|
\z) would suggest’ t)kar. animal baterial does not nurmr‘,lly make up’ the bulk
=
of 1ts diet but ould act as an’ dnportant lupplement even' in small

i
al

quantities, This-could be euper.i&lly important in sumer when increased

{ mt’sbolic and ’reproducl‘.ive nm‘my place extra stress on the population.

The lower grouth nce and. increased maturation slze of G. lawrencianus

|
|
4
] fed Pih!ella and Dictyosiphon lcnu‘ld be due to the texture of the algae.
X e T the ‘a1 ‘ths matufation ‘siss wes Hich emile? than that” famd for-the
) animals fed algae, but cumpurahl“e to those fed Mytilus and Tetrakin if-
{ -1 m.is added to the maturation,size of the field populations to allow
“for grovth in the female when the nagm‘u are released into the brood
’ pmh as snggesced by steele anrl \Sceela (1970)." Inmature’ G. lawrencianus kS
could be feeding on nninnl mll'-etill in' the field. Such a:tlvity has been

observed. in adults from field populations of G. lacustris lacustris

‘(Anderson and Rassveldt 1974); G. pulex (Hobrough 1973), Ponfoporeia ° -

4 3 affints Lindstron ( e 1978) and G (personal - -

< observations) : .

. In the field the young may be feeding on epiphytic diatoms which

B
i
i
i
}

. vere vashed from the algae before it vas fed to the lab cultures. The
watep used to wash the Pilayella often turned brown with epiphytic .,

diatoms, Jansson (1967) found that newly hatched Idotea baltica, a
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marine. lsopod, required diatoms for survival but G.

G. pulex and the freshvater isopod, Asellus aquaticus (L.) both prefer
dfatoms to other types of algae . (Moore 1975). Mooré sufgested that this

vas due to :he relative weakness of the diaton's cell vall. This is

" furthér evidem:e for the’” relat!.ve importance of mechanical maj :ation

to break down .cell walls l'll’.her thln digestion by celllllase The silica

frustule of diatqus 1||dlgeitahle but brittle.. Diatons also hlve a
higher energy contept ¢ ocher types of algae. Paine and Vudas (1969)
found that Nitzefhih phcadbxa, a comon benthic daton, had an “ash fes
dry weight energy content. nf 22,886.5 J/g. This is aquivale_nt to TetraMin
or Hytilds. The relative abundance of diatoms throughout the season
could account. for the redition n side at mturstiongs the season
progresstd (Table 3). Although Pilayella blooms in the spring it

does o become .covered with epiphytic diatoms until vell into simmer

(MacFarlane and Bell 1933). Changes in algal quality may also occur |

scasonally, thus changing the energy uptake of the animals.

. Venner et al: (1974) suggested that the comparative size at.the /

.onset of sexual maturation in Crustacea could serve to compare growth

[rates of aniuals fn different populations. They suspected that food

“supply wasia prlmqty acor X e ot ae BEATSE Ry RSB T

ratural Théy {ncluded

in their model. This
study fowd that temperature did.affect. growth rate and fecundity but
not. size at maturation. What appeared to be. the primary factor affecting
size at maturation and egg production:in this study vas food quality.

In 1ab cultures, diets producing high growth rates had a ‘ana1l size at

matuliatiun and vice versa (Figure 10)™This could explain differences. in

ceanicus did not.™" . ..
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. The smaller ; size of

size at

fretd bopulations n wmess Bay Pond during late sumer could be due to

a dutnm bloom as nentioned previously. Steele and Steele (l970) found .

chat populations of G. lavrenciariup at St.- Apdra's, New Brumswick

matured at ; %m0 s compared to 5.2 mm at-Holyrood, Newfowdland. The
above podel. vould suggest. that  higher quality food vas present at
St. Andrew'a. ctocugg sp. 48 abundant fn varmer water estiaries and
this appears to be a bettei food than either Piliyella of Dl.ctxuighon
(tackay and Vassallo 197). Wemer et al. aleo ypoetisstacd ehat food:
supply would affect egg production. The aninals fed Dictyosiphon produced
a smaller nusbér of larger eggs thau those fed Mytilus. Steelé and Stecle
(1970) found that populations of €. lawrencismus at. St Andrew's .
“produced a larger.nimber of eggs than Holyrood populations. The quality
of ‘the diet does affect mtuznticn and fecundity m 1ab’ populations but
furcher reacarch 1o necessary t actually dmna:rute this in the Fleld:

Vadas (1977) found tl\nt sea urchins had higher ‘gravth rates and earlier

and higher feproduction vhen fed their preferred algae. This vould suggest _

that Wenner et al.'s hypothesis may. have widerapplications than just

crustaceans:
" It 1s'possible that izother’méchanisn may be-affecting maturation
aize in fl.e’lﬂ -pnpulnl:ions. De Har’nh (197‘8) found that r.emperﬂ[ures
durtng ova produstion 1’ the ovary dnd early eabryont development
produced the same seasonal changes in size at natiation 1a Hyalella

wren-

azteca (Saussure) as vas determined in field populbions of G.
. cianus. Low tempefatures produced a relatively large size at maturation

and high temperatures a smaller size. Further research is mecessary to




o
)

1f this 1s in It was ot a

factof 10 of animals fed n and Mytilus since the

young uied in these two cultures were collected together and randonly
mixed before the experiunt began.

Tempernture plays an important purt !.n the biology of all polkllo-
thermic organiems and ita effect on the growth and survital Qf ga\mnrid
arphipods haye been documented (Kinne 1959; Nilsson 1977). In Xhis
study growth was found to.be- directly tehtec{ to temperature (ﬂguzg 9).
There appearéd to be leas growth at 10° C than ac 12" and 15" C. Simtlarly ¥
there vas no' differeace detectable, in the age at maturity at 12’ and 15° G .~
vitle thera vis = large dttehjence betueen 10° and 17 C: 'Thts could
be dl;e to the lack of acclimation to temperature as described by Steele\

u GRS

and- Steele (1973) for the duration of 3 in

At the upper end of the $ scale, di s have .

relatively little Hfact o “¢¥mperature dependent processes, while at Low-
temperatures,, small changea can have large effects. The coldroom which
Beld the 10° C cultures had Less fiuceiation in temerature than’the Hot
Pack Ineubalo{b where the_ IZ \ and 15° C Cnllllleﬂ were kept and this
_could have hid some effest - the resiite: Also the Hot Fack Incubatdrs
were often above;the desired temperature because, of high temperatures in
‘the room where the incubators veré epe. !
Survival vas {nversely related to tepperature (Figure 7). sarviro’.

“(1977) some of the on the rate in

-, Crustacea and related it to 1ife span. He developed a curvé relating life

span to temperature by setting the life span at 20" C as 100% and

ring the 1ife span at various temperatures above and below this set point.




After deterataiog curves for warious species of cr-nn«, he produced
a hypo:heucnl curve for the temperature dependence of uf- pun He -
also modified the “normal curve of Krogh" (Vlnbetg 1956) to ﬂlAe grnph. -

Sarviro's tl\enrel:!cul curve. the mdlfud "noml curve .of xrugh" and

conparablé podats extracted from this data are nrannt.ed Ln'ngmm.

tespératures could be ‘assimilating a hmlé amount of energy
same food aid ‘increasing their ‘fecwndity, 4
/. Seasonality has selected for avphipods vhlcl\ maximize up:odmmm , -t

when conditions are optimum.’ Different sechanisns have evolved to accomplish
* this in vlri.om genera. For en-plz in Gamparus (Stee.le 1967; Steele et.

of the

al. 1977) And Hyalella (Ddiltch 1971) the timing of tbe “rele

g in the spring is atded by.a ‘resting stage..In Ampelisca the same

" rdsule 1o produced by postponing the hatcfiing of the fully developed
enbiyos $r.appro 1y two months (£F 1965). Different . .

mechanisms could also be controlling size at maturation of Cammarus and

Hyalella. Ancther possibility 1 that both mechanisms are influencing,

the reproductdve. biology of the animals. ks 5 d

The possible ‘changes'tn e adaptive strategies of F1é14 populations

~of . lavrencianus to variations in the food quality in the habitat may . L

“be interpreted in terms ofr-& as : by B Sy P
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and Wilson (1967). When food qeality is low, survival is increased at the

. 13 »
expense of growth and Th becomea i-selected

‘and delays reproduction mtil the animals reach a larger size when
fecundity would be higher. More energy is chamnelled into“each young.

When food quality improves th b more with !

uhnrr.erindlvldu\l 1life span, earlier maturation and increased reproduc—
tive capacity, investing less energy into each youag. Ge G. lavrencianus *

appeared to shift strategies with di(ierent diets.Those fed H!tl.l

\‘ﬁre more ‘r-selected. They reprodiced at a smaller dize, had a shorter.

/life. expectancy and higher fecwdity. Those fed Dictyosiphon were more k=

selected. They reproduwed at-a levger size, fad a longer life expectancy

and Lover fecundity but produced larger dgge than 4id the animals fed

Hytilus.
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Gammarus lawreacianus populations of Witless Bay Pond and North Ara  \

Folyrood bad:a dual 11fe history consisting of a winter cohort of large

adults and a smaller, faster mturing sumer Eohort. A third, fall cobort
may be present but could not be conclusively identified becawe of
continuous recruitment. At both sampling aréas adult males were fownd
to'be; on the average larger than females, probably because of differen-
tial growth and mortality. The mean size of the North Arm Holyrood

populations of G. lawrencianus were smaller than at Witless Bay Pond..

Feaales predominated dnf both populations but as the sumer cohort mtured
the sex ratio moved clnl-'tu .1, suggesting that ﬁl:;nn otker than genetic
oes are responistbie. ,

In Witless Bay Pond nusbers increased throughout the Sumer. reaching
a tn September. The us:nhnunn 414 not appear to be random but
clmped-with 1ts ceater shifting from mre saline to brackish vater

durtng the summer, suggesting a migration . In North Ara Holyrood the

population appeared to decline, being replaced by G. oceanicus. In Witless

Bay Pond youg were not found in benthic samples but tended to stay in
Pilayells ungil maturation. The 50Z ‘maturation size at Witless Bay Pond
wridd from S.2mon August 2 to 4. A- on August 31. The decrease in

mruration size is probably dw to a cm;e “An the quality of the dfet.

In lab culzuru survlvll ?ﬂ age at maturation were 1nvem=ly related

\and grovth directly related to temperature. Temerature had no significant
. . \

effect on maturation size in the range of the temperatures tested.
Diet had|a statistically significant effect on all the paameters

tested. Survival was best on a diet of the fine .1;,' Dictyosiphon and

N
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Pilgpella, on Mytilis

and TetraMin and lovest
without - food. Growth howewr, vas fastest on Mytilus or Tetrakin when
compared to an algal diet. Similarly size at matwity ves lesst and
witlitathia siige: 6f Slald chantwtions s fad mu.;. or TetraMin. Algal
diets produced a mch larger maturation size. This would suggest thatfine
textured algae improves the survival of newly released G. lawrencianus but
a:unl material 1is necessary for normal growth and development.

Teapergture ha¢ an influence on fecwdity but the significance was

Low. Diet had a highly significant effect on fecndity. Antmals fed

Dictyosiphon produced a smaller number of larger eggs than Mytilus. “The
brood volumes produced by these two diets were somewhat similar despite
the large differences in egg musber and size. Possibly this sirrors
reprodictive strategles viich the animals may follow depending on the
quality of the diet.

* Adulr g. 4 Mytils in
The 'food preferences of imature animals could not be tested but Ehey -

were found to prefer befng 1o association vith fine aige as opposed to
coarse alpe or ln!._l -(eml _This could act as an isolation factor .
separating the ‘haghly cmsumm adults frow the youmg- ’
A high correlation was found between the energy content of the
dfet and the resulting maturation size of G. lawrenciamus. Although the
total energy content of the diet is ‘dmportant other vriables such as
texture of the food pt;hhly influence the energy content that is

actuslly available to the animal.

No cn"alu:!.an vas ‘fomd between the amino acid content of the diet ~

m the survival, growth dad ‘fecoudity of G. lavisiiclams, eicept for
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TetraMin . The highly deficient amino acid.content of TetraMin probably

' rediced survival but had no efféct on grovth and fecundity.
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- g APPENDICES
g sty -
“Appendix la. Temperatures and salinities at Witless Bay Pond. S - surface;
% SD - sampling.depth; * ~'no sample collected:.
e - i s
‘TEMPERATURE (°C)
A .DATE - SITE 1 SITE. 2 SITE 3 AVERAGE
I s SD s SD . s SD s SD i
Jue’ " i7l0 17.0 16.5 14.0 16.0 13.5 16.5 14.8
b : i 3
\ 2 JUNE | 11.5 11.0 2113 11.0 11.0. 10.5 o 11.3 10.8
o7 . P
N JULY 11.8 9.5 '10.3 9-.5 10.0 9.5 10.7 9.5
oo R s | -
Joy 133 1337 130 125, o« % 13.2 12.9
. ] - . .
d © yoLy i 19.0 8.8 180 17, < 17.0 14.0 " 18.0- 16.8
P i - ~
i . ULy 185 18.5 6.6 15is 4.5 14.0 16.3 16.0
i el 2 ; p
el ® CAUGUST . 21.2° 21.2 211 *21.1 212 212 - 212 212
. - 2 \ . & )
s " F ¢ i i A 3
AUGHST 4.8 13.0 1387 1205 13.6 12.6 - 4.1, 12.7
L ow e e - i %
. g e P : :
s ;. AUGUST - 19.8. 19.8 19.1. 17.0, " 19.0 .18.0 19.3 18.3
B 31 . - - . <
SEPTIMBER 12.9° 12.9' " . -12.8 j2.5 -  12.5°11.8' . ... 12.7. 12.4
o 25 . o : i
NOVEMBER 7.5 " 7.5 ©-7.8-" 7.8 7.9° 1.8 0 i |
AVERAGE  15.2 14.8 1425 13,7 1.3 13,3 4.6 13.9
1 | 7 3 o
% ; e o
1y L » s » °
fRTA T o i o 1 TS v &
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Appendix la continued - )
- SALINITY (%.) -
DATE SITE 1 SIIE 2 SITE 3 AVERAGE
s SD s SD S s s SD
JURE E * 5.1 9.4 15.0 10.1 10.1 9.8
18 .

" - L A2 ,
JUNE 10.8 17.2 204 19.2 14.6 - 18.9 15.3 18.4
27 : L
LY | 17.921.8 210 253~ 24.8 2.7 212 23.9

4 : )
JULY 1.4 0.0 2.8 4.9 * * 2.1 2.4,
9., { :
Juy 2.0 “.4.9 45 9.5 107 21.0 5.7 13.8
14 L & 8 \
JuLy * " * * * * * *
13 % . . !
AUGUST * * * * I a-. &
r2
AUGUST 2.2 15.7 5.0 16.1 8.5 16.0 5.2 15.9
12 S
ADGUST -, 0.3 0.5 7.2 16.1 6.0 9.5 45 8.7
31 & -
sEpTEMEER * & a . 4 = i
25 .
NOVEMBER 1.7 7.3 1.8 =75 ° 21 1.6 L9 7.5
1 i . .
AVERAGE 5.2 9.6 8.5 115 117 163 8.2 12.6
5
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Aypzrdix 1b. Temperatires and salinities at North Arm Holyrood. § - surface;

SD - gampling depth; * - no sample collected.

TEMPERATIRE (*C)

DATE SITE 1 - SITE 2 SITE 3 . SITE 4 AVERAGE
s SD - s sD s sb s SD
APRIL woow 51w % % 40 0.5 4.6 0.5
1 .
APRIL 5.0 % LI « % s8 x sa x
15 =
AL Y99 * * * % 80 o *x 90 *
2%
MAY % 4.0 8.0 # x40 * * 80 4.0
12 ’
MAY 125 % 120 % 9.0 * 1Lk *  IL2 %
21
war  \ x 10d0 185 % 15 6.0 150 7.0 16.0 7.7
31 E - 0l
Jowe 8.9 7.5 13.0 ‘127 10.0 7.0~ 9.5 7.0 10.4° 8.6/
9
1.0 170 - 1.0 132 10.1 147 10,0 149 11.3
100, 148 13.0 . 13.5 10,8 ° 1201 10.5 140 11.3
% 1.0 1200 15 85 * 148 10.2
10.5 - 15.5 11.00 110 10,5 11.0. 10,9, 12.8 10.7
15.0 . 21.0 F17.0° . 13.5 - 13.0 9.8  9:5 14.8 13.6
AUGUST ©16.0 10.2 210N 14.0 145 10.0 160 10.0 16,9 111
5 . :
b . |
AUGUST" 16.0 '12.8 24.2 21.0 15.0 - 14.5 !.,3.5 12.0 17.2 15.1
1 - .
AvGUST  i6:8 il.5 20.8- 20:0° 15.5 12.5 18.0 12.0 .17.8 14.0
19 )
17.8 - 12,8 ' 15.0 12,00 15.3 14.0

AUGUST
28

14.8 13.0

13.0




Appendix Ib coptinued.'

DATE SITE 1 SITE2 ° SITE 3

s sb s

SD s §D

SITE 4
S SD

AVERAGE
s SD

SEPTEMBER 15.5 11.0 19.5
2 i

SEPTEMBER 13.9 13.0 14.8
18

SEPTEMBER 10.2 10.2 10.2
24 .

17.0 12.5 12.0
14.8 13.5'13.0

10.1 9.8. 9.3

15.0'11.0
14.3 13.5

9.3 8.8

15.6 12.8

4.1 13.6

9.9 9.6

< AVERAGE 13.2° 10.8 15.9°

15.0 13.0 10.3

1.8 9.6 12.8 10.6

% SALINITY (%) = 3
APRIL Do * 0.2 % * % 7.0 22.5 3.6 22.5 .
1 :
APRIL/ . 3.9 % % P T T 1 Y
15 = -
APRIL © 5.5 % * * * k199 12,7 % -
24
v
“MAY * 252 7.0 A % 28.9 % -* 7.0.27.1 A
12 i
MAY 3.3 % 58 % 7.8 » 33 *x 5.1 %
21 h
MAY * 3.0 0.0 * % 24 ¥ 312 0.0 322
31 ] A - . .
) & N
JUNE 21.9 31,0, 1.00 % 16.4 30,0 20.9 29.4 15.1 30.1
9 2
JUNE 12.8 27.5 6.0 17.3 16,2 27.9 18.0 27.3 13.2 25.0 -
19
Jone 13.5 29.9 10.6 28.6_21.6 288 14.7 30,0 15.1,29.3
25 d |
JuLy 26,1, % 89 28,0 14.730.0 * % 159 29.5°
2 ¢ . i
e
JuLy LR *. . %.30.0 21.7 32.7 21.7 3L.4
23 @ -
ULy . % ¥ P T T w\l
AUGST % P
5
AUGUST * - 20.8 '28.9 1.2 11.5 27.127.7 23.8 28:3 18.2 24.1
5 . B :
. ~
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‘Appendix 1b continued. -
DATE - - SITE 1 SITE 2 " SITE 3 SITE 4 AVERAGE ¥ .
o S SD S S'_D 8 -SD S ~ - S SD ;
. AUGUST - 10.7 29.8 0.5 2.5 -18.5 29.6 9.5 30.2 9.8 23.0
o Pt . i
AUGUST 7 % 2328 0w &% * 2.3 20.8
28 q
SEPTEMBER 11.8 '~ 28.9 * * 26,1 25.3 15.7 28.3° 17.9 27.
g L P
SEPTEMBER * . % % * * * * * * * i
18+
SEPTEMBER 0.8 0.8 ' 0.1 0.1 2.7 2.4 1.8 18 1.4 1.3
24 ?
5 - y -
AVERAGE, 11.7 26.1 3.6 15.5 16.8 26.7 14.2 26.2 10.6 24.9
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Appendix 2a. Total nusber of Camssrus lawrencianus collected per muth
in various length classes at Witless Bay Pond. 1 - in air-
11ft samples; 2 - 1n Pilayella samples. (¢ - inclides 2
samples from site 3; * - 5576 of total collected at site 4).
5 . .
BODY + 1 2
JUNE JULY .AUG. AUG. SEPT. WNOV. JUNE  JULY MG‘ *
Cum) 8-9 ‘2 3 9 "} 18-23 9-19 2
1.0-1.9 /813 1085 830
2.0-2.9 [, 188 29 41 52 3 112 173
3.0-3.9 %0 712 52 103 5131,
4.0-4.9 518 191 76 158 310
550-5.9 12 33 91 169 1o
6.0-6.9 20 7 160 4 89 17 y
7.0-7.9 104 66 49 108 33 7 4
8.0-8.9 95 96 4 20 28
9.0-9.9 a3 2 - )
10.0-10.9 . 46 - 38 19
11.0-11.9 15 8 23
120129 © 4 1 -2 )
-
ey 326 253 1576 555 488 447 816 1251 1044
coroearey 326 253 3633 916 56318 447 11,38 18,406 5352
ToTAL/2’ 10,850 10,120 12110 3§640 281560 13780
TOTAL/mg dry . . 4.2 139 9.6
veight of .
___ Pilayella
Ly 6 5§68 % 8 12 6

bbb ot .

AU Attt e rem s



App:ndix 2b. Gammarus lawrencianus: number of -1:1 in various length

classes at Witless Bay Pond.

c 102

Bopy LeweTE Y, * JUNE JuLY AUG. AUG SEPT.  NOV.
(mm) % 18 9 2 31 25 1
3.03.00 | N\ 55 2 1
4.0-4.9 L m 4 10 108 |
5.0-5.9 v 2 13 17 27 87
6.0-6.9 } 1 122 3 20 1u
7.0-7.9 1 0 49 - 93 28 8t
8.0:8.9 12 3° W, 16 !
-9.0-9.9 28 16 2 '
10.0-10.9 + ' 46 B .19 . i
11.0-11.9 15 s o2 :
12.0-12.9 c o4 1 2
- 106" 6 s 163 1o 209
ToTAL/m” 5300 2760 45,120 10,760 83,480 5980 .
= ) wd E
a“ 1
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Appendix 2c. Gammarus lawrencisnus: number of females without setae on

' bostepites in various length classes at Witless Bay Pond.
<
BODY LENGTH | JUNE JULY AUG. AUG. SEPT. Nov.
* (mm) 18 9 2 31 25 1
1 -
3.0-3.9 ’ , 90 8 %
4.0-4.9 Tt260 16 8 9
“
5.0-5.9 ¢ TS >3 37 19
6.0-6.9 3 10 5
7.0-7.9 2 4
) o 2
©8.0-8.9 ;
TOTAL I X y
s 0 0 428 2 57 7
TomL/n? 0 0 32,90 1840 . 32,880 1060
\ o
. |
| ’ ! \ N
u; I &
! L
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Kppendix 2d. Gammarus lawrencianus: number of females with setae on

oostegites in various length classes at Witless Bay Pond.

BODY LENGTH . JUNE JuLy AUG. UG, SEPT. Nov.
(zm) .%o 18 9 2 31 25 3
3.0-3.9 : 58
4.0-4.9 75 163 18
5.0-5.9 1 ) 159 67 95
6.0-6.9 20 6 98 « ' Wiy 59 1
7.0-7.9 103 6. is 5
8.0-8.9 ' , 83 93 4 4
9.0-9.9 15 19 B
TOTAL 3
= 220 184 269 320 181 1
ToTAL/n? 1100 7360 120,720° 21,120 104,440 - 20
: B 7
# =
3 ~
N
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Appendix 2e. Gammarus lavrencianus: number of unsexables in various length
classes at Witless Bay Pond. 1 - in air-lift samples; 2 - in

Pilayella samples.,

\ W@
.
BODY ‘ % :

" 'LENGTH JUNE JULY AUG. AUG. SEPT. NOV. .ﬂ.flﬂl JULY AUG.
(mm) 18 9 2 31 25 1 18-23 ' 9-19- .2
1.0-1.9 . 813 1085 830
2.0-2.9 o 186 29 . 41 . 52 3 2 s
3,0-3.9 95 0 74 103 51 31

i \
4.0-4.9 ., t12 8 40 4,1 ¢ 3 10
5.0-5.9 " . SR T L Y

TOTAL : |
b= 0 0.293 44 0 200 816 1251 1044
NUMBER/m_ 22,460 _2900 80,780 5720
NUMBER/mg dry i 1427 13.9 9.6

- weight ° 8 ~ . ‘

Pilayella
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Appendtx 32, Toeal nusber of efmsius Lavrencianus collected per mnth

g length classes at North Arm Holyrood. (¥ = only

w *site 4 !lm’pled; t - all sites sampled).

BODY LENGTH WiRGH APRIL MAY JUNE JULY AUG. SEPT..
(um) 18-29 127 7-21 25 23 . 19 2
2.0-2.9 : ) g 0 1
3.0-3.9 S 4 h 6 6.
« 4.0-4,9 e 43 ! 2 ;"2 6 2 -
5.0-5.9 s w1 e 2.1
60 o 6 106 10 % 10
7.0-7.9 o =3 8 9 .. 6
8.0-8.9 4 2% 61 10 6 0
9.0-9.9 2 % s my ., :
'é%cm 86 275 322 35 98 25 35

5 V.o S
'NUMBER/ SAMPLE U287 55.0  20.4 3.9 109 2.8 3.9

NUMBER OF SAMPLES 3 s* 16




Appendix 3b. Gammarus lawrencianus: ns

classe

all sites sampled).

107

usber of males in various length

at North Arm Holyrood. (* - only site 4 sampléd; ¢ -

BODY LENGTH APRIL  MAY JUNE  JULY  AUG. SEPT.
() 1829 127 7210 25 .23 19 2%
7 5.

4.0-4.9 2 1 ¥ gs %

5.0-5.9 3 4 V2 [ 6

6.0-6.9 Ml e 6 &) i

7.0-7.9 LA ' 28 7 2 0

8.0-8.9 4o T2 B0 10 “ 0

9.0-9.9 3 2% 5T @ ou

ToTAL ;

ol O 3 % w6 4 ]

NUMBER/SAMPLE 7" 195 18 0.4 1.0




i

168

lavrencianus: number of females in varfous length

at North Arm Holyrood: 1 - with setae on costegites;

2 - without setae on costegites. (* - only site 4 sampled;

t - all sites sampled).

BODY .  § 2
LENGTH MARCH APRIL MAY JUNE JULY AUG, SEPT. JULY AG.
(om) R 23 19
1 4 } 4
0 w2 2 1 2
@ 2 % ¥ 1 .5 1 . 3
18 48 10 10 % 8 1
i -6 7598 -§
1 2
TOTAL - o -
s A 51 19—203 18 737 15 4. 6 2
vomes/saeie 13.0° 39.6% 12,75 2.0° 8.1% 175 04® 1.2% 0.1®
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Appendix . Gammarus lawrencisnus: number of umsexables in’ various length
i
1 classes at North Arm Holyrood. s 7
BODY LENGTH . JuLY 23 AvG. 19 SEPT. 24
(mm) . 8 . -
% . .
. 2.02.9 / 1 3 A 1
3.0-3.9 2 6
. ' [
4.0-5.9 g . 4 14
5.0:5.9° i - 1 }
. - g e
TOTAL COLLECTED 3 4 23..."
-;‘, NUMBER/ SAMPLE 0.3 04 - 2.4
i
. d 3 a
' 0 % ~
ol « / '
A
. r !
5 % uE ]
% < .
b 5
G 5 &) A
. g - 1
. . 5
i i
5 !
. R \A
% ks - . \
. s
- el ¢
3 2 )
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Appendix 4a. Number of Gammarus lawrencianus collected in' air-1ift Wy

ux\m_yleu at the various sampling sites at Witless Bay Pond.
’ i B

(* - no samples collected). . - . .
7 SITE 1 ¢ | JUNEIS' JULY 9 AUG.2 'AUG.31 ‘SEPT.25 NOV.]
. ‘ ' }
, . . TOTAL NUMBER - 18 160 2816 161 ¥ 4
NUMBER OF 5 7
- - 1S . 2 2 3 12 *y r
. . . NUMBER/SAMPLE  69.0  80.0  938.7  80.5 * 4.0
& .
SITE 2
& € C NUMBER 183 4 817 49, 55 252
/. - NUMBER a ‘
' SAMPLES 2 1 3 2 2 2
" . NUMBER/SAMPLE 95 4.0 272.3 245 275 126.0
i . . .
" site 4 g sl :
TOTAL NUMBER ' 5 8y % 706 5576 3
NUMBER OF - ! )
proereti - 2 * 1 -2 2
| NUMBER/ SAMPLE 2.5 W5 . %" 706.0 " 2788.0 1.5
3 TOTAL .
‘L TOTAL  NUMBER 326 253 %33 916 5631 . 259
. SAMPLES . 5 6 5 4 5

WH/SAHFLE 54.3 50.6 605.5 183:2 1407.8° '51.8




Appendix 4b. Number of gamarid amphipods (mostly Gammarus oceanicus)

" ¢ollected in cage samplers at the various sampling sites at =

North Arm Holyrood. Site 2 is not

- with the samling proceduré. (* —

included because of problems

no samples collected).

JUNE  JULY

SITE 1 MARCH APRIL  MAY AUG,  SEPT.
? 18-290 127 [7-21 25 23 19 %
‘TOTAL NUMBER ® * 570 1440 2108 211 - 646
) = i
NUMBER OF *
: AAMDTES * * 4 3iv 3 3 3
| NUMBER/SAMPLE * * - 142.5 480.0 702.7 1070.3 215.3
SITE 3 - » ’ -
TOTAL NUMBER * * 726 1709 1285 998 1131
NUMBER OF v
Saiiis * 4 3 3 3 3
NUMBER/SAMPLE * % 1815 569.7 428.3 332.7 37.0
STTE 4 % 1
TOTAL NUMBER 166° 436 ‘1369 1599 978 513 . 130
NUMBER OF ,
SAMPLES 3 B 6 3 3 B 3 2
NUMBER/SAMPLE 55.3..7 87.2°228.2 533.0.326.0 171.0  65.0
TOTAL . .
JOTAL NUMBER 166 436 2665 4748 4371 4722 1907
NUMBER OF - v et 3 ‘
SAlpiEs - 5 W . 9.9 9 8
* NUMBER/SAMPLE. 87.2 190.4 527.6 .485.7 524.7  2%.4




Appendix 5. Nusber of Gammarus lawrenclanus and G. oceanicus colletted at

sempling site 4, North Ara Holyrood.

HONTH

MAY : " 86.2
JUNE 59770 6.0
JULY 318.0 8.0
AuGusT 167.0 4.0
SEPTEMBER 3.5 195

T g .
(
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Appendix 6a.” Survival of mevly released Gammrus lawrenciaws at 5’ C.

TetraMin vas. used as food.

ol . ¥
DAYS NUMBER NUMBER . EXPERIMENTAL THEORETICAL * -
DED g 3
: SIRVIVAL SIRVIVAL.
10 210 § ” *91.9 % . 8.5
20 . 195 "2 2 8.9,
.30 180 . Rt 82.2 8.8
w165 B 0.0 - 8.9 3
@ %0 2 L ey e
60 135 % 31 7.0 ‘ 78.2
- 170 105 % . 76.2 $8 .
‘80 © 90 L 7.8 p 73.2 9
99 75 18 : 7.0 70.6
100 60 20 .7 6.4 i
110 45 16 s 6d
.
; 3
é 3 2 i
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Appendix 6b. Survival of newly released Gammarus lawrencianus at 10° C.

Tetrain wis used as food.

DAYS NIMBER NUMBER *r  EXPERTNENTAL THEORETICAL
y : e § Dm:D SUKYIVM *SURVIVAL
10 s - 20 ¢ o1 ~ . 874
w0 B ° osal R EX
n o195 X 52 73.3 o 19
W 165 " 71.5 75.2
50 s e a2 70.2
0 o b 67.5 64.8
70 105 ) o 62.9 58.7
"0 9. . s X 's3.2
%! 75 40 46.7 46.8
100 : 75 46 38.7 40.9
‘110 B ae 3.7 35.2
20 T 15 54 ’ 28.0 ig.s
139 75 “ 57 . 24.0 = 24.8
W s .61 Caeg 2003
150 75, 62 17.3 | 16
160 75 62 ! 17.3 ) 127
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Appendix 6c. Survival of newly releasgd Gammarus lawrencisnus at i2° C.

4 foeraMin vas wed as food.

DAYS  NDMBER MR EXPERIMENTAL THEORETICAL
e ) SURVIVAL - SURVIVAL

10 210 ) 9%.7
20 195- 15 92.3 9.0 -
30 " 180 19, 89.4 5 85.6
40 16 0- 818 D
50 13 46 65.9 ™ 695
* 60 105 P v 000 s9.1
70, 9 si 43.3 8.0
80 0 58 i 3% - T
20 % 70, : 2.4
100 - % % 17.8 19.0
110 % 3 o167 12.3

Py ;
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Appendix 6d. Survival of mewly relessed Gaimsrus lawrencisnus at 15 C.

TetraMin vas used as food. :

NUMBER |

DAYS  NUMBER EXPERIMENTAL THEORETICAL
: DEAD 1

SI;RVIVWAI‘ SURVIVAL
10 150~ 2 813 84.6
20 135 3 71 75.8
0 120 3 - 8.3 f 644
40 105 b 56,1 * 52,0
50_ % 53 IR 39.4
'69 "% 6 25.6 27.4
70 90 78 13.3 17.9




i
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I ’ Appendix Ta. Survival of newly released Cammarus lavrencianus fed TetraMin.
E ¢ Temeraturevas miptained at 1 ¢, 5 .
| , e
§ vs”  MMBER HDRER BPERDMNIAL - THEORRZIGAL
| SURVIVAL SURVIVAL
| —
. W 150 28 81.3 . 84,6
0. 135 35, 74.1 g 75.é
20 120 38 " 68.3° | 64.4
- 105 758 58.1 © 52,0
g 50 90 53 L4l . 39.4
& - 96 67 256 27.4 ,/
! 70 %0 o 133 . 17.9
. ~ Ep 2 -
‘
/
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Appendix 7b. Surviwel of nevly released Gammaru lawrencisnus fbd no

food. Temperature was maintained-at 15 C.

DAYS = NUMBER NUBER EXPERTMENTAL " mmoReTION
= SURVIVAL VRV IVAL
10 150 - 107 28.7 8.1
20 135 122 9.6 . 10.4
“30 120 16 3.3 2.6
40 105 105 0.0 0.5
)
7
4




ne
Appendtx Jc. Surviwl of newly released Gemmarw lawrencienus fed Mytilw *

edulis. Temperature vas maintsined at 15 ¢,

DAYS  NBMER . NUSER EXPERIMENTAL TEEORETTCAL

beAD z . % F i

SURVIVAL -SIRVIVAL
10 150 12 92:0 7 8.1
20 s 7 87.4 L.
30 - @ ; 65.0 W e
4“0 105 6 “56.2 63.7
50 155" a 45.3 = ‘s}_.s
60 kS a : 7.3 o, A2
70 B 53 29.3 %.3
80 7 s %.0 ", 5,1
90 7 8 2.7 4 2.9
100 7 ) 17.3 - TN
1o s 6 16.0 1.2
120 5 T 3 86 12.0 6.7
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120,

Appéndix 7d. Survival of newly releaged Gammarus lawrencianus fed
! . , Te vas at
15’ ¢.
DAYS, NUMBER NUMBER EXPERIMENTAL THEORETICAL
e ¥ DEAD S 3
. SURVIVAL SURVIVAL
10 150 % 1 92.7 91.2 .
20 135 11 91.9 89.0
30 120 16 86.7 86.6
W0 105 . 17 . 838 83.9
50 90 18 "80.0 b 80.8
60 75 21 72.0 77.3
70 60- 19 68.3 73.6
8 60 71 ¢ 65.0 . 69.5
) 60 2% 60.0 65.2
100 60 2 60.0 60,6
110 60 27 55.0 56.0
120 60 30 50.0 d 51.2
130 60 21 48.3 : 46.4
140 60 33, 45.0 41.7
150 60 35 e 37.1
160 60 £ 67 32.6

~




. = 121
Appendix Te. . Survival of newly released Gammsrus lavrenciants fed Pilayells
* Iittoralis. Tempersture vas maintained at 15 C.
DAYS  NMBER © NUMBER EXPERIHENTAL THEORETICAL
. DEAD i
SURVIVAL SURVIVAL ANEN
£ : — & R
1 150 10 - 93.3 2 92,9
, 20 135 ‘13 90.4 e 0.0
Y 120 15 8.5 86.4
W0 105 20 810 81.8
50 90 21 = 76.7 76.4 >
60 75 33 56.0 702
70 75 37 50.7 © 633
80 75 39 48.0 56.4
%0 75 40 46.7 48.8
100 75 42 40 s 413
110 Ty 43 420 - 3.1
' 120 75 =.'y's0 33, 274 —
. i
130 75 57 2.0 218
’ .
.« | " i
' %
| . %
| :
’ !
t ’
| s
| - 3 i
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Appendix 7. Survival of wwly_n.le\a\iil rus laurescianus fed

1is. s | at
15 o
DAYS NUMBER SUMBER EXPERIMENTAL THEORETICAL
z DEAD 13
SURVIVAL = SURVIVAL
10 12 92,0 81.6
"2 31 ;710 76.4
£ 52 ¢ 56,7 70.2
40 105 57 45.1 63.3°
50 %0, 52 S R 56.4 7,
60 . % 57 36.7 48.8
7 %0 58 358K 41.3
80 - %0 60 333 %.1
%0 %0 &2 311 27.8
100 .50 [ 285 .. 218
110 9 . . 68 24.4 . 16.6
120 %0 73 18.9 12.5
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Appendix 8. Crowth of newly released Gammarus lawrencianus it various
: . e . X
temperatures. TetraMin vas used as food. I - immaturs or
) .

-

- wclassified.

N

- = — 95y — "
MEAN LENGTH = .- ™ NUMBER CONFIDENCE LIMITS

AGE 3 ) ¥ b .
(bAYs) - FEMAEs 1 MALES' < FRMAES I MALES < FRMAES - I MALES

o ¢ R - g e, [ 0m

10 L k fE - 9506

20 13 13 o0

30 $ e ~ u "

40 Lho 0! . : 0:07 5
50 LLe i 005

60 Lo / u' 91

70 2.4 0. 9B

. . 10° ¢ , ‘
o 1.2 12 0.03
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Appendix 8 continved,

3 MEAN LENGTH 'NUMBER CONFIDENCE LIMITS

AGE ° (mm) o . 3
(DAYS) FEMALES FEMALES 1 S MALES FEMALES I MALES
1o 6.5 8.7 \ B 6 - 0.28 0.53
120 6.6 9.2, 4 6 0.50 ,0.54
14~
130 6.9 9.9 4 5 0.20 115
140 10.4 . H 1.06







" Appendix 9. Growth of newly released

Gamnarus lawrencianus fed yarioua
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diets.

X, Temperature vas' maintained at 15 C. I'~ tmmature or unglassifisd.
ace MEAN LENGTH (za) | WMmER. 95t CONIDEGE LDMTIS
(DAYS) FEMALES 1 MALES FEMALES T MALES ' * FEMALES I MALES
0 . L2 - X
10 T 12 0.06
20 2.7 12 0.23 -
) 46 8 I 0.2
o4 5.1 15 : 050
: s0. - e : FE 0.42
* . .
60" 7.6 % 21 0.75,
b 70 8.8 LT}

R
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Appendix 9 continted.

Nt

Dictyostphor

b
T AR ‘MEAN LENGTH (um). * - . . NUMBER 95% CONFIDENCE LIMITS
(DAYS) ~ FEMALES ‘I MALES ' FEMALES ‘I MALES. MALES |
[ 1.2 a5 .00k —
i0 - L 12, 0.10
20 23 15" - 0.2
30 o 13 0.3% .
40 4.1 137 0.45
50 4.8 12, - 0.46
£ i
60 5.3 1 0332
; ¢ -
70 5.3 .6 L1030
¥ 3 i
80 5.8 - 3 0.30
30 1 7 B 3 0.35
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‘Appendix 9 continued. N
S
AGE MEAN L;ﬂl (mm) NUMBER 95% CONFIDENCE LIMITS
-~ (DAYS) FEMALES I MALES -FEMALES 1 MALES I HAI‘JS
4ﬂ. 3.1 14 0.17 > 4§
50- 3.7 . ’ 13 0.17 -
60 3.8 R 0.21
70 W \ v 38 ,. 0.27
80 5.8 ; 35 0.32
90" 6.6. 35 0.%
100 g 7.8 33 : " o
ET 5 8.9 25 ; 0.50.
120 9.2 104 117 9 259 0.3 66 0.43
130 0.7 12:0 7 9 . 027 0.50 |
&
0 5, 12 [ . .00
10 1.5 15 o -0.07
20 1.6 - 12 0.20
30 3.1 4 8 0.39
. 3 -
40 3.5 9 0.70
50 . 46 E 07
60 5.6 3, 0.32
70 6.1 ; 2 ° 0.3
80 6.4 29 R
90" T 6.S B L om
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Appendix 9 continued.
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o MEAN LI () . NUMBER 95% CONFIDERCE LINITS
(DAYS) - FEMALES I MALES  FEMKIES I =
w S22 = 0.45 N
- = d 0.57
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Appendix 10. Fecundity of ‘female Gammarus lawrencisnus at various tempe-

ratwes and diets.

TETRAMIN 10° C
o NUH

TETRAMIN 15" C
=

(mm) . (am) .
5.4 10 2 4.8 12 1
6.0 EY 1 4.9 oy i
6.3 17 1 5.1 "1 1
6.3 21 ¢ 1 5.2 12 1
6.4 18 1 5.3 9 1
6.6 L2 1 53 i7 1
6.8 . - 1 5.6 17 1
6.9 17 1 5.7 Ry 1
7.4 2 Lt 5.9 12 1
7.5 27 1 6.0 20 1
7.6 26 1 6.0 28 1
7.6 35 oy 6.1 vl ,) ‘
8.3 36 1 6.1 2% 1
8.3 43 1 6.3 .20 1
66 . 20 1
" iyt 7.2 2% 1
Mytilus 15° C " Dictyosiphon 15 C
sz 1 1 1 20 T
5.2 12 Y 71 10 1
5.3 10 1 18w 1
ag ot =" 1 8.1 2 1
10 3 8.1 23 1




Appendix 10 continued.-
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'LENGTH EGG NUMBER FREQUENCY LENGTH EGG NUMBER 'FREQUENCY
3 (mm)

(o) g
5.6 16
5.7 : 13
s1 0w
5.7 - 18
6.1 20

6.2 23 :

R 1
6.4 15
! 64 m
6.5 J 22

6.6 2 ‘
6.7 19
6.7 s 20
6.7 21
: Tk 2
‘61 2%
6.8 2%
6.8 29
7.0 P 24
L B0 ¢ oV 2F
AU
7.4 28

8.3

30 1
‘ 20 s 1
3! 1
25 1
39 1 E
,
46 1 -
28 1
40 1
25 1




Appendix 10 continued.

LENGTH °.EGG NUMBER - FREQUENCY ~
m) i :

7.5 31 - T
- (.

7.6 36 1

7.1 27 e

132
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Appéndiz 11. Volime of brood per voluss of femals.Gammarns’ lavrenctaus
- . fed Mytilus and Dictyosiphon. .
FEMALES o EGGS NUMBER

MEAN LENGTH  MEAN VOLUME MEAN NUMBBRS  MEAN VOLUME

(um) 13 (@

’ ) < :
Hytilu

527 149.7 107 [0.2359 8

5.7 T 16.0 0.3525 5

6.3 2524 18.3 0038 6

6.8 310.3 23.5 0.5177 o

7.4 401.9 2.0 0.6609 4

7.6 47.7 315 0.6939 - 2

8.5 614.1 4.0 0.7490 1

Dictyosiphon b

7.1 357.9 15.0 0.4688 2L

7.8 4746 16.0 0.4375 1 .

8.2 " s z‘b:7 0.7119 3

8.7 658.5 25.3 0.7906 3

9.1 » L2 37.8 ‘1.1797 4

9.6 on4.7 25.0 0.7813 i

.

&
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Appendix 12. The food selectivity of mature male Gammarus lawrenmcisnus.
The letters designate the order of preference and the nusbers,

the ‘seconds spent feeding at each station.

TRIAL DICTYO. DICTYO. TISSUE TISSUE mssz;. MUSSEL P[I..- PIIL. ENTERO. m.
K 1 2 1 2 1 2.1 -2 1 2
I B5 - A-50 c-245 5 .

2 c-170 B35 A-95 -
3 300

i A . B-180 A-120
5 A-300 ’ .
gt 4-300
7 c15 A-lS p2s0 8-20
81 4-300
- A-300
10 A-300 5
1 A95 | B-70 13
12 w110 A-190
13 A-300
1% A-300
15 4-300 ;>

T oS 13 1265 1925 335 1907 420 115
TOTAL 5
N 3 5 82 vhe 1 2 2
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Appendix 13. The food selectivity of mature female Gammarus lawrencianus.

The letters designate the order of preference and the numbers,
the seconds epent feeding at each station. .

TRIAL DICTYO. DICTYO. TISSUE TISSUE WJQSBL MUSSEL PIL, PIL. ENTERO. ENTERO.
# 1 ‘2 1 : 2 1 2 1. 2

1 L 3-290 A-10-
L2 a5 B-275

3.0 ; "3 B-295 :

4 ="

5 : A-300 ;

6 A5 ©-205 B-90

. | o A-20

| B-280 &=

.8 | A-300 .

9 ) 4-300

10" . D-200 B-10 C-25 A-25
1

12 - D-210 C-25..A-20

13 3 A-300 -

i 7 B .

1 | ©-40 A-250 B-10

15 ; A-300

16 B-275 | A-25

T 650 5 25 0 1850 1515 690 55 10 0 -

N 5/ 1 1 7 78 .5 3 10




Appendix 14.

NON SELECTING 14

FooD TRIAL # Total
12 4. s 8 1.8
Dictyosiphon 0 1 8 T8t .3 40 tuas
1
~ - [ v 0 !
Dictyosiphon 1 0 y 2P 20 0 2 37
fretypaipmn 1 .
NOTHING [N o 3.0 8 Q. 18
1 . : ) .
romme 0 2 05 0 35 15 &
2. . :
MUSSEL 0 2 L0 0 0 02 4
1 : .
. MUSSEL o3 0 0 0a-0 o 3
U . :
Pllayella = 2 4 8 1.9 1 7 ‘42 v
g7 b :
U pilayella -0 0 152 32 % 'so
w2 3 :
P
teromorpha 1. 1 1.0 0 2 3 137
1
Enteronorpha’ 2 < 0 0 1 0.0 1 11
T2
32 0 9 -6 30 73 )
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