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‘polychaete—mollusc crustacean feeders.

~ tidal moVe@ent across the'bottom of the shallow subtidal zone

“North Sea flatfishes.

s . .. . . d " . *

’ ,'f:'. bstract - B g T n ' ’ 4 e
'Tidal-movements‘and eedinq in Winter flounder were,found

e Lo . ol ' 1
to be strongly'correlate in Brandy Cove, N B. durlng the summer
\
feedlng perlod of thlS spec1es.. Tldal amplltude,at the’ study
51te was 51x to seVen tlmes larger than for other coastal areas: -

« N ~ .

. :
.Stomachs of flSh mov1ng 1nshore were: empty or contalned'only

’ ° :

smal/ﬁuantltles of prey whereas stomachs of those 1eav1ng the .

\ - .
1ntert1dal zone were full w1th fresh,_lntertldal prey Fish =

‘4 '

caught-ln.the subtldal zone at. hlgh t1de fed as much as. those in -

a*

the 1ntert1da1 zone but fed on subtidal and intertidal prey in

contrast to 1ntert1dal feeders Wthh fed generally, only in that.

, .

zone. - Prey consumed support the cla551f1cat10nuof these flSh as

A
.

Winter flounder studled in Long Pond, Newfoundland—displayed

".a '

and into the narrower.intertidal‘zoneJ They ate considerably
less than those 1n deeper water in Conceptlon Bay. The poor
feedlng on’ the shallow ground in Long Pond was due to a poor

v

standlng crop ‘and’ d1ver51ty of benthos. - It is concluded that ‘the

o

5‘shallow water feedlng is controlled by three 1nteract1ng para- .

'meters, Wthh ‘in ‘order of 1mportancé*are. temperature, tides, and

P

surf condltlons Food takén by shallow water flSh corresponded '

w1th the benthos known to occur there and dlffEIEd from that
Tt ' -

-'taken by flsh from the bay ConstanCy of diet ‘among - -fish on the

,Shallows showed 11ttle exchange with flsh from the deeper ground

Id

LOon-either a daily or monthly ba51s.‘ An apparent relatlonshlp

between tidal movémert and;feeaing-ln Long.Pond was found and "
over-a 12 hr cycle was.similar to’ tidal feeding observed‘in'some
. - N " , | . N

4
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. Peak consumptlon Of 2% body weight per tldal cycle . '
' was the. same 1n both areas (New Brunswrck wfoundland) ‘and’
“,'.1ndlcated that P. amerlcanus was a moderate‘consumer of,energy
{ N '0
1n contrast to some European flatflshés\whlch consume 4- 5% of
body welght. - S ‘ ' ‘ ' ' " ‘ o
:'5 Movement in Brandy Cove and Long Pond is con51dered to be

a feedlng‘mlgratlon. Whlle feedi, g in. the pond was’ less 51gn1f1—
.cant than that in Brandy Cove, p stlarvae, 1mmature and adult

W1nter flounders were con51stently seen in the intertidal -zone. of

. . RN : .,
. , -, ,
1

_.the pond. L . SR . S .l .;

L
£

In areas of large t1da1 range, gradually sloplng beaches‘f

and coarse to: flne sedlments, the 1ntert1dal zone may serve as:

. [

an 1mportant feedlngqround and should be protected from human

. dlsturbance 1n order to ma1nta1n or rmprove our flatflsh stocks.
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in Lho Bay of undy can bc sccn within’ thc Small

t
Y

er bays and
1€1ands alonq ‘the shorellnc of Ncw BrunswrcK and N
‘Fish

. i
e
. ‘

- % : ‘
movv 1nshorc as the- 1ntcrt1dal zonc bccomes ava11
- _thcm‘on Lh flood tide

. S

-

('l‘yler, 1971»)'

Pc]aqu'miqrations of .
f h and mammals takc placc as thelr food supplles move with
thc tldal CurantS W1th1n the bays.
s ""Z;{e' . .
iy T : ‘ '

The
cxcrts .an 1mportant b]Oth lnfluencc
[ : 'r

'
v
.
-

where the cffects of tompcrature pn growth arc already felt

.

, Tn Ncwfoundland whcre larqe amplltudcs are unknown and

S
movnments may bc wholly subtldal, onshore movcmcnts of ccrtaln
< 0w
spcclcs hayc bccn known among flshermen 1n local outports but
,', r 4 K "
, not reportcd in the

ltcraturc. Annually, f1shcrmen set traps

e/
of thlS knowlcdgc: C

’ -.,..4

for examplc, to také advantage

. !
LN

1nq From publlc wharves nearit e’dutports on the flood tlde.
i

gf'tldc (J
T i

Paync,

pers.
ER A
{

[ 4
H
»

12N
-

ThlS study presents 1nformat10n on the tldal mOVement of

\‘\
8

o

\w1nter flounders, the effects of such movement on feedlng, and

the 1mportancc of 1ntert1dal zones as accessory feedlng areas
to qrowth 1n flatflsh

Feedlng in the 1ntert1da1.ione or shaliow
subtldal zone borderlng it was compared w1th feedlng on deeper

-~
S -

That area of ~V ,
o - g : s . '
seabed between the t1de llnes alternatlvelw exposed and submerged ,
;twlce dally was consldered to: bethe 1ntert1dal zone. lts‘ area 'c}
co T S . % S
o b S

2
r
Y
&
o

-
Chlldren and adults allke cah bc seen fish-

The 1nf1uence Df ‘large lees on an1ma1 lee and actlvlty

movement of tldcs
R .

on productivity in an area

ST
.c mm.).sl ” '



do

.varled Wlth the slope of the . shorellne and helght of tldes, belng

'-seabed wh1¢h remalned permanently submerged below - the lowest sprlng

aln,1972),.§: maximus ' (Bateson, 1890,‘Scheur1ng, '1921; P1pp1ng,l927

LY
2

1.

’larger ip New Brunsw1ck and smaller in Newfoundland ' The area of

K

i

tlde was. con51dered subtldal Guldellnes set by Stephenson and

.Stephenson (1972)‘and Storer and U51nger (1965) were followed

i

Winter flounders are’ day-actlve (McCracken 1963- Olla et al.,:'

J‘h

,L1969w Tyler, l97ll Slnce they feed ma;nly durlng dayllght hours

(Medcof and MacPhall 1952; Pearcy 1962- Thomas, MS 1970 Wells et
?t m»" - . .
ala, 973) they may be cla551f1ed as v1sual feeders.

Closely-related flatflshes have also ‘been reported as day-active:.

Parallchtkys dentatus (Olla et al 1972) and Scophthalmus max1mu§

(De.Groot 1971) ' Slmllarly, reports have either’ (l)dlrectly claSS1—

fled seﬁeral spec1es as v1sual feeders or (2) shown that they de-

pend upon/51ght more than smell while feedlng _P.dentatus (Olla et

a,b),fPleuronectes platessa- (Steven; Jones, 1952;;Verheljen and

&

.De-Groot, 1967); ﬁThls:has also beén ‘shown for Pleuronectes flesus

(Bateson, 1890; De groot, 1971) .and leanda limanda - (Steven,1930)
As the dlurnal act1v1ty and feeding of w;nfer flounders and related

species- have been ‘well documented, t1da1 mOVements in Newfoundland

were studied durind"daylight only in contrast,to other studles
. . . CN 3 , . . ° . . .

\

N\

(Gibson,1973), ¢ oo

o Literature Review s .
: L .

o The ecology and locomotor act1V1ty of. fish normally. 11v1ng in -

-

L5

the ‘intertidal zone have been reported by Several authors (Beebe,

-

1934 Aronson 1951 W1111ams,1957 Glbson 1967; Green, 1971) In

: Europe, tldal influence on fish productlon of*%%mmerc1ally 1mportant

SpeC1es hasg prompted studles of 1ntert1dal‘povements\of those

normally residént in .the subtidal .zone. Edwards and Steele 61968)
P = o - ) . . . | b}

- -

-



..lz
"showed the den51ty of plaf%e at low water mark4to be hlgher than
.that for hlgh tlde 1n the same locatlon, 1nd1cat1ng onshore
'dmovement w1th the floodlng water. In‘the Danlsh'Wadden’Seaf,'
heavy concentrations of North Sea plalce and dab were found be-
._tween O and 5m by Johansen (1908, 1913), Garstang (1909), and
' Bruin (1927L&\}From August :O October, concentratlons Qf'the two
o ;5substocks.from}theﬁEngllSh'sbawningxgrounds and German WaddenSea :
(Lﬁbert, 1925) agoregated outside the waddens'at'ebb_tide. Then,‘

¢

. they spread over the grounds in search of preyduring flood tide

(Buckmann,l§34:jSmidt,.1951): Duringnflood tide,'numbers of fish
l‘as high as ZOQOfGOOO/ hr were takenvby trawl.
| ' Four‘studies are known’torvthe Northwest Atlantic and twoA
oflthese were carrled outdtoAinves%igae'fish behaviour.‘In Con—)
necticut, Merriman'(1947lufoundrthat,q of 13.fish specles seineda

) &

on a rocky beach'displayed'intertidal'moVement. A feeding migra-

tlon was excluded due to the 1mpoverlshed nature of the beach “al-

though no quantltatlve sampllng-Was made, and movement was ascrlbedh

to the escape of smaller fish from larger subtldal predators.

-

De Sylva et al. (1962) studled the dlstrlbutlons of f;shes in the

" shore. zonelof'the Delaware River estuary and compared these to

*
.

species collected in deeper water. . o

Pearcy (1962) brlefly mentloned the occurrence of lyoung

[ 2N

' flatflsh in the 1ntert1dal zone of the Mystlc Rlver estuary In

Delaware, Parallchthy*,dentatus, the summer flounder was seined

1ntert1dally at varylng stages of the'tlde.' It was taken durlng

b "\hours 3, 5, and 6 of flood tide and- hour 3 of' the ebb tlde. Winter

\l-:.

. floudners were also capture. Collectlons of these fish selned K



»

s 713

1ntert1dally controlled frequen01es of w1nter Tlounder that

"'J u
were evenly dlstrlbuted over each hour of the tidal cycle.". o
However, no- 1nd1cat10n was given of: the slope and w1dth of the

beaph, tidal amplltnde, or sampling area (length x wrdth) of

intertidal and subtidal zones studied.. Eva;uation'bf the inter—

tidal zone of the Delawaré esthary for comparison with beaches in -

- - N

this 1nvest1gaplon was thus difficult: The above two studles were.

‘. '\

more quantltatlve than. that of Merr1mah,41947) but dealt w1th

flshes found 1n warmer . temperate water of the m1d Atlantlc Blght

moved. . Fish remained in the . intertidal zone for 6~8 hr and then:

’

e '

',_—./4

On the‘Capadlan.coast, only one study has been carrled out.

Tyler (l971)‘characterized the tlmes of max1mal movements,‘51ze

[

ranqes, and duratlon of stay for nine demersal fishes. Winter"

flounder were shown to have the most finite pattern in relatlon’.

-___!, . '¢ -

to time of the tide. Inshoré movement reached. its highest peak

between 0. 5 anfl 2.5 hr flood when 89% of the migrant fish had,

moved to the subtidal zone again between 2.5 and: 0.5 hr ebb.
These studies establishedAthat'both'pelagic’and benthic spec-

A : T o . .
ies show tidal movement, the 1ntertr&al zone is occupied for
several hours and movement in many regions is related to feeding.

migrations; lHowever, little is known of the contribution mgde&&}

by this area to the gain in body weight of the fishes which feed

. . . . had
upon 1t, or its usefullness to their population in general, es-
- . L .

peC1a11y 1n eastern Canada. Although?intertidai benthos studies
have been made and we can draw on the similarities of European

-

literatﬁre (Moore, 1972; MeIntyre and Murison,1973) our under—-

standing of the value of intertidal.areas in terms of caloric

energy angd biomass of prey populations is Timited.

7
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Methods and Materials, o ).

, L S ‘ .

;,Chdlce of Sites , o : , SR
A co : '-

Long Pond on Conception Bay, was the'legoon chosen: for

study~1n Newfoundiand. It was located 21.6 km SSW of the city.
e, iy . . - ) ‘\' N
'of St. John s (Fig. 1 and 2). It was chosén as it wés*consid-

’ered to be 51m11ar to other 1nlets which, have breedlng popula-

,u,,

adwd
tlons of winter flounders along the coafb from Labrador to Georgia

f:‘, | (Salla, l961a; Perlmutter, 1939). Long Pond was known to have a
‘ moderately large flounder population which uas present from Sept- -
ember toAJune. It was easil& accessihle from‘hoth’shore and the
oity of St- John's. . Its working area. was smell and protecteé'
;“ , | ;lkrom the rough water condltlons characterlstlc of Conceptlon Bay
P The volume exchange,’shape, and depth of the partlally land—'
| locked -basins eééured,that‘flow velocity and tidal amplltude
would occur with enough foroe_to be détectable’by the flounders:
Intormetion had previously been collected on the sediments,
benthos,;water'chémistri, morphometry Kéhristie, 1966) and
,dominent fish population.(Kennedy, 1964) of the pond; All fec—'.

LY

A . . [}
. tors except the flounder population had been studied in detail
> in the.eastern'basin.' The fish population had been characterized
for the western basin alone. Diving surveys in the westérn .

Sl , ‘basin revealed that sediment.distribution_was similar for both

AT Y
5

v,

.basins, and fiéh 'mainly’the winter flounders, were known to
11ve throughout the pond Continuity of benthos was found to
,be similar by comparlson of food eaten by the flSh in the wes-

tern basin (Kennedy, 1964) w1th fauna collected in benthlc

s



Flgure 1. Aerlal v1ew of Long Pond Newfoundland (center,rlght) et 3
-' " "showing, tpe_,harbour in summer with Kelly's Island in- ORI ke
' - @Gonception Bay in the background. Other. baracho:l,_s ponds -j w =
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. -of Zostera marina beds in Long Pond; NfId..Scale =.1l:

40J000 Map 4285 from the Canadian Hydrographic: Serv;ce.

e, Depth in meters. Underllned flgures indicate depth at
’ mean high tide ih the intertidal zone. .Pidal transects
+ - r“marked by stations at equ with 4 0 and 12 for Tl and
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surveys of{the eastern Hasiﬁ (Christie; 1966) .Slmllarlty oﬁ,r\

Y
e

the two habltats allowed’ an. approx1mat10n of condltlons on each.
| T

51de for whlch data were avallable from the other Theytwo

b351ns were exten51ons of one env1ronment ‘connecteéd by a shallow

'gravel channel T L S e e

[y

Coy '

"“cllmate characterlzed by ndarrow temperature fluctuatlon and

‘New Brunswxck

Brandy Cove was chosen for' a, comparatlve study 51te as gre—.
~ vious_observations had establlshed the tidal movements of w1n—
~ ter fiounders and other benthlc flshes at this locatio) ﬁTyler,

N
1971) ... Situated at the eastern mouth of the St. Crois River,

Paséamaquoddy Bay (Figs. 3 and 4), it is subjected to a‘maritime

'theayybsummer foge (Putnam, 1949). ‘In the nlche-habltat classi-
.fication of Light‘et al; (1957), it is’é’protected rocky shore ‘ (/
with tidal flats. ExpoSure and submergence of the intertidal«zone
ia shown in Fiqure 4. "

- With its long axde running‘nearly due'north-south ‘Brandy
Cove -is located on a penlnsula juttlng 1nto the bay. As Colln—'
vaux (1965) descrlbed the cove  and surroundlng area "... The
tidal range is (aooaﬁl_g m, and the sallnlty,;a_gomewhat reduced
from'that‘of the open Bay of Fundy. The. boundary between sea
“and land is sheeerliff... The intertldal.substrate is mainly

shelving sandstone, sand, and coargg gravel with boulders....

.(Wherein) the upper sublittoral slopes steeply." e

P
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; Mar‘th Aprll, 1971 cb'

o

- ) i
qstabllshment of - Transect at Long Pond '.--ﬁQ‘f'»pf$

t,}; ' Flgure 2 shows the locatlon of two. transects lald in
\‘ H . ’ i

Long, Pond for the study of flSh movement.~ The’ longer of >
these le was used to follow movement across the length

of the 1agoon. Thé shorter of these, T2,ﬂwas used to’ study
S 0 ' <

'movement'across 1ts w1dth

THe transect Tl traversed the least-disturbed area ) e

.o_.'
ta -

-whlch was determlned through prellmlnary surveys durlng

.‘": -. .o '.h
. . R .

»

It con31sted of 366 m of -orange corllne tW1ne held 1nh:

LY

p051t10n by two crnder block anchors at each end and marked

[
L

1n twelve unlts of 30 5 m- (100 ft) each Lead 51nkers‘

Y

welghlng 454 g each- and topped w1th plastlc torpedo floatS'

(John Leckle & $ons,~Ltd.,§St John s) marked each ‘of the 2

N
’

.twelve ceuntlng units. Floats were’ numbered seqhentmally

o, b e

A
and served as statlons at the ends of unlts whene the dlvers

stopped and recorded numbers of w1nter flounder/unlt.n water—

proof red wax penc1l marked ‘each float accordlng to 1ts

p051t10n in the serles 1‘2 3,....12. Durlng theﬂflrst seasonx

of d1v1ng, plaln floats w re spray palnted and dlpped 1n e

f‘

.urethane varnlsh ' ThlS treatment 1ncreased thelr v151b111ty

’

"1

‘

‘and decreased thelr foullng underwater. The transect was

m -
“lald by relea51ng the 11ne from a rotatlng wire. wheel flxed
4 & . 5
.aCrdSS the stern of a motor boat ) It.was lald stralght by-

+

marhtalnlng a cdnstant motor speed and central p051tlon be-

E

"twé@m two shore ObjeCtS. Dlves were alsogmade to straightenx

,... Tk

A

tlndﬂv1dualrun1ts of line when required. As the twine w§§,<-

s



' . ‘. .
‘. _ . " .
-~
[ _,

lald, qalvanlzed washer rrnqs.were added to-@old 1t on bottom‘
.';z. -between the one"pound (454~ q1-21nkers. The beglnnlng of the
‘ 'trnnsect lay 1n shallow water and 1ts end lay 1n deeper water.'j "
It -was lald over - the least dlsturbed area of bottom as determlned

o, .

by observatlons madc on survLys over the pond . Such surveys

o .

were madc in March—Aprll, 1971, to flnd areas of dlsturbance to e
the sedlments ' The sampllng area was chosen on undlsturbed bottom

except for 6 7 m. of station 3°where a small depre551on was
« .

created by a.slidlng‘yacht launch. ‘ The samnllng area was char— .

‘actarized by fostera.marina, densely’ packed.mud, sandy—mud Boft

-

O “j=ajgae,'and occasional ‘rocks. )
_ S .
ST S "The shorter transect, 'T2 .was laid ofg/he same materials °
fu\and by the same method as for the flrst transect. It -.was laid 'in

» ’ \

L o 4 g dlrectlon_perpendlcular to transect Tl. It- contained seben

. ' T
o N =

4
unlts, 16 m apart, and e*tbnded from the shallow anchor block of .
transect Tl to the center of the pond
Both T1 and T2 had the same origin at. station. 0 wh1ch as

ﬁtheklocatlon of their c1ndei‘§ﬁocki§thor5'and the startlng. sition

of "~ consecutlve dives. , 'ﬂ" ! _ R

L ." No, statlons were 1ncluded 1n the 1ntert1dal zone for the \

second transect T2, due- to- the manx attempts to steal gear by,ﬂ

-

[ local 1nhab1tants, and its eventual loss 9ur1ng each of the two
\:'i!l’m \(:;"’3 g N ,
s ’ d1v1ng seasons: Movement of flounders into and. from the 1ntert1dal
zone was’ observed But, only descrlptlon of their occurrence in
AN ' : L N
E this zone islgrven since numbers were not recorded. o w
o_,“' ,. . | I . . o ) . . - .
S / g ' -
R - - :
”» - * -
\ cv.. 3 '
[ Y - X ¢ D
. 8 " K
v . \ - . N ' -



- :'-? Coﬂntlng of flsh . L ' ."..‘ T

The ch01ce not to randomlze the dlrectlon of sw1m when

o,

i
) maklng counts was 'based on-a consxderatlon of poss;ble b1as

in the two ways of mov1ng~&Lpng the transect Slnce the flshh

Y

. saw as well 1n all dlrec 1ons aue to thelr 1ndependent and

rotatlonal eye turrets,.d vers had no more tlme to=approach
. : g ‘ .
. - and count 1f they began at ‘the same end of the transect con-—

°

:51stently or both ends randomly Hence, any. fraght response

. e ) - >

resultlng in 2 change of p051t10n, and thus dlstrlbutlon, would

~ v

- have occurred at nearly equal rates for the two patterns. My
o .

' d1V1ng partner and 1 could count W1th a falrly strorng assurance

1

>, N . BN -

4 . of .either one pattern or thehother.,‘Bias introduced by either l:

pattern were considered equalu Thus,'one_methqd'Was chosen

o+ ) T . - . . .
and maintained throughout censusing,.. Dlvers swam from the

Ry . ,

shallow end of the pond. to itse deep end. -

z-
f

Frequen01es of flounders were determlned along Tl every

s

WL e ’ 30 5 m (100 ft) unlt durlng serlal t1da1 dlves.. Numbers.

, ‘were recorded on plex1glass slates by palred dlvers sw1mm1ng
! T e T
~ 'on each side of Tl Days for. observatlons were chosen from
c . i

a'list of possible_days when daylight and tidal phase -syn-

M »

o chroniied to allow clearest. vision underwater.' Schedules

beglnnlng no later than 0900 and endlng by 2045 hours were -

o - o -used.A Thewlongest perlod of countlng for a tldal phase ran

ot ] '657 succes_'ve days, after which rotation of the cycle brought
the secondfﬁhaseJinto daylight ‘hours. The second phase ran

for an equal period.'iNatural advancement of the .tide, at an

Ny

“that dlstrlbutlons were not srgn;flcaptly.affected byrma;ntanence
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"occurred. The'se were also compared to those of StJ‘Uohn S

_-secondazg port dlsplacement were added to the predlcted time

23

N -3,
g

‘g

~

'average dally rate of 45 mln,;lndlcated that nearly every day

'of a week could be used Dlves could be made only«when other_

v
“r

\

variables such- as weather, personnel and cond1t10n of equ1p—

ment\wcre met. Dives were: made every other hour follow1ng a

. general pattern of 2 4, and’'6 hours per tlde or 1, 3, and 5

'I-hours of the tide.  Estimates of the time of tldee1n51de the

1nlet were calculated from‘#pe Canadlan Tide and Current Tables

jof l97l and 1972 (Canadlan Hydrographlc Serv1ce) Correction-

factors of 60 mlnutes for dayllght sav1ngs and 28 minutes for

[

of tlde’for St. gohn S, Nfld. The latter.addltlon‘was-the

o

‘correctlon necessary for Holyrood, a secondary port on Conception

' Bay, nearest Long Pond. Prellmlnary tldal,readlngs were made

\

at the government pier durlng Aprll ‘and May (1971) to compare.

’

‘'with predlcted values. Tidal readings for a representatiVe

Y

month of the year were made when -both neap and sprlng tides

—

PPN

a

harbour and;Holyrood to find Aif a correctlon factor for the .

: - L i .
pond was needed. Readings’to 0. 3 cm (0.01 ft) were made at

30 minute’ lntervals on a tlde gauge supplled by the Water:
Resources Branch (Department of the Env1ronment) ~ The gauge

was, mounted in a protected 'location so that readlngs could be

&

made with little or no disturbance on the water' surface.

-

Possible.sources of error in the counting'procedure “were

N

.éﬁe following: (1) counting the same individual twice if it

J; ’ .
-(a) moved around an&- ahead of the diver or (b) crossed the |

'{“transeEEfldpe from one side or the other; (2) not counting

to

N

‘ .
- - . . -
N 1

T N
™
HAED

.*.‘e‘-_
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individuals which moved. into the area behind the diver; (3)

- inability to see all fish present. Generally these errors could

'be-divided-into two positive and twod neqgative factors affecting
, . . - .
frequencies. Although they operated at different times, they’

- e ' . ’ M 3
appear to have cancelled each other. For example, errors resulting

from sources l(a) and 2 above may have ‘increased or decreased,

respectively, the counting accu;écy. Differences‘caused by error

Q

1(a) were not important as the fish were qgenerally”in a festing
stage'on the Bottom and not en§aqed in swimﬁiné‘actIVitf. This
applied to dives beforé,and after insﬁére movement apd:those prior
to final gbb tide mévemént: - For individuals crossing goth ;iaeg

of .the transect the foflowing corrections were made: (1) where
both divers wefe parallel in position, the side from which a fish

Nswam was given a count while that toward which it tended was not;
. hd

- (2) wheré‘thé divers were angular in position to each other, the
side froﬁ which a.fish swam was’ counted 'and deletiohs were made for
. ' o ..
~ the opposite side when positioﬁs Of the divers became parallel ) -

at the counting stations (floats). Ability of new divers to

see Euried or camouflaged fiéh was tested_béfore actual sampling

fiéh in their mud habitat.‘ This was followed by a comparisdnh

count in a defined. area, and continued until enough competence
was gained to begin.final counting. Ability to .see the fish was

élso affected'by the swimning gpeed of the census. Slow speeds

gave the divers more time-to see the individuals in numerous -

habitat conditions and allowed more familiarify with the sampling

area. . , ' ' -

-~
[y

By selecting a small} area for demonstration and description of e

[

PLYITE
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Sampllng of Phy51cal Envxronment - Newfoundland

Two sampllng statlons'were establlshed to’ follow the -

water characterlstlcs of the deeper and shoal water feedlng

grounds; The flrst station was located~1n the’sampllng area’
used for monthly rounder collebtlons,_at.the end of a.tuna
wharf entedding into Conception Bay. The second was located
" at the main entrance point to the trapsect laid for tidal sam—

pling inside the pond, and ‘was covered by 0.5-1.5 m water d&=
pending on tidal amplitude.

-

Measurements of dissolved oxygen content, bottom water
temperature, salinity and pH were made in these areas.: Bot tom
. ¢ .

water samples were taken with a modified Kemmerer Bottle as

described by Welch k19483. Two: samples were taken for each
statlon on the last date of .each month in w1nter (October~
March), and semi- monthly on the mlddle and last dates of each

‘month during summer (Aprll—September); The first sample at
\ ' - “ “ : . : ’ vt ' . ) > . . * -~
" each’ station was fixed for later determination. of oxygen con-

tent according to the modified Winkler method (Strickland and
) . . ?‘)&k

] s
Parsons 1960). ThlS was done by adding equal amounts of man-

ganous sulfate and-alkallneflodlde followed by goncentrated,

/ " gt
sulfuric acid. "Samples were transported to’ the laboratory'

and were elther titrated dlrectly or held in a darkened, cold'

&£ .
chamber untll used, always W1th1n 48 hours. ) - b
Bottom water temperatures were measured from the top of

the Kemerer bottle or ih the second sample of each set as

water was. fed into the bottle. In the shallows, the mercury

bulb thermometer was also la1d on the bottOm and read as a

-

check. - ) S : R

,.—-—\\’._ . ' N | ‘.. v .- . )
| 1’"f\\:> T S o
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0 .
N .

pH was read on a Co?ning Model 7 pH.meter.withih_tWo

‘hbursrof sampling. .Salinity was determined by conversion

-r) : \

of aensity vali®s from -a hydrometer for both room t@mpex:

aﬁures (21-23 C) .and 15 C readings. Dredge samples were

not taken for examination of the fauna or soil dfstrigution,

ags for St. Andrews, N.B., since an account of these factors

1 A [

had élready been completed (Christie, 1966). Inférmation
- . :

on the sediments énd general hydrography of Conception Bay

was obtained from the Geology Department, Memorial University, =

*and the Canadian lydrographic Service (Department .of Environ--

mcntfh

New Brunswick. -

‘ ' '
' Sea ‘surface temperatures for Brandy Cove were taken

from recordings atltﬁe_BioldgicalrStation wharf situated-

adjacent to the subtidal sampling aréa. -  Values cover the

"period of June-August, 1971, and represent a seésonal‘regime

typical of Passamaquoddy Bay.

.. - . Lo £
., Salinities at the 0, 10, and 30 meter depths were ob- .

-

tained from dafa_of the E.E. Prince station #6 (Courtesy,

Atlantic Oceanoéfaphié Group) located 1 km west of the cove

’

. X .
at 45° N X 67°5' W, in the center of the St. Croix River.

L4 soor

values at 0 and 10 m were assumed to be sjimilar-to -those -

encountered by winter flounder in the intertidal zone!which

. . . ) . [} . e . .
extends from 0-7 m. 'Those at 30 m were also similar to
salinities encountered by fish living in the subtidal sam-—
.'\\ ) . Z -~ \Q . " . . " v ‘
pling zone. ., . - ‘



Sampling of Benthos
Benthic organisms on theé intertidal and;subtidal~ground

- ) . IS

were sampled with a standard’15.2 x 15.2 cm' Ekman dredge’

4.
Two transects were establlshed to sample the various sedlments.

Transect Tl was centered in the mlddle of the cove and extended

Y

‘fromlthe higher 1ntert1dal zone aCIOSS'Upper cobble rock, gravel,

sand, and mud to the subtidal zone. The transect covered a dis-
AY . . ’ , .
tance of 135 m (420 ft), wds positioned obliquely across a fish

herdinq fence., and was marked by 1.4 -kg brick station markers

at 6 m intervals ageye low water mark. Subtidally, the tran-

sect was laid with 1.3 qm_poiypropylene rope, marked by black

"electrical tape and brick weights. Samples were obtained on

the beach by pushing'the dredge into the sediment as far as

| ssary to ‘measure each- 51te 1nto 15 2 x'15. 2 cm squares, in-

sext wooden pegs at the qn ners and dlg the sample hole with |

7" ~

€
a small square'qardener's\épovel.' The sedlment was then- trans—
ferred to the. dredge to ensure that a volume equ1valent to that

of the sampler was, taken. _The 51des and bottoms of ‘the sample

" holes were measured durlng the dlgglng process and the dredge

lowered into the holes until it became Ievel w1th the top of
the substrate, _Transect T1 contalned eleven intertidal and

ten subtidal Statlons. Transect T2 covered a second area of

<A

" beach for a length of 40.3m (125 ft) on a clam bed of coarse

\ ‘ N . .
"sand. Its position was parallel to the northeast shore of
. R . £

the cove and adjacent to a freshwater stream. Five stations

were marked with black electrical tape at 8.1 m intervais

S
.

.

possible-‘ Due to the coarseness of the sediment, it was nece- . .



‘along the line. The samples were taken as previously des-' '
o . . : . ..‘- . . . \
cribed for the first transect;‘ Sediments were transferred

¢

“from the beach to the laboratory 1n plastlc Bags, preserved

.ylnle% formalln, .and stored cold untll 51eved The sediments
were then washed through\ahserles of graduated w1reps}gzgf of
4

1

mesh sizes 8.0, 4. 0,'1 0, and 0.5 mm. Mud and silt deposits

’pa551ng through "the smallest 51eve were allowed to settle in’
l

a white enamel pan covered with 2.5 cm anesthetlc,solutlon.
The solution was made with MS-222 and - relaxed theismallest.

|

organisms .so they would crawl from the deposits and float.
, o . . . Co '

They were then visible against the pan colouring and could

- . be removed. The mesh . of tﬁe 0.5 mm-sieve was als# fitted to .

~ the top of thls pan and allowed to stand for thlrdy mlnutes.

- [

”Thls relaxed the mlnute Ollgochaeta cllnglng tlghbly to. the

. I
mesh and allowed'them to:be removed w1thout4damager Organisms

PR

L found in each sediment sample were. then identified, counted,

"

and weiéhed wet. LPreservation'was made with lO% formalin in'

454 g Jars for the larger organlsms such as sea urchins, and

R with buffered’lO% formalin ih smaller v1als for molluscs. - '
Rl ey ) Depth recordings of all Tl statlons and photographs of

‘1ntert1dal statlons were taken. These alded in plottlng the

'distributions of benthos once Spe01f1c locatlons af prey 1tems

' ’ . > | : < :
from flounder stomachs were known from locations of-daily catches

within the cove.



'Measurement oF’Fish.

v

In the lab the flsh were. washed of cllnglng debrls,
blotted with paper towelllng and welghed to the nearest‘g 1

g. Total 1engths were_measured to the nearest mrlllmeter,from

—¢-w
£

snout tip to ‘the end of the longest caudal fin ray. Sex was
- determined by visual examinatfon of the gonad followlng dlssec-
tion. As sexual dimorphism was not readily apparent, exter-

nally, in young juveniles'or adults'except during the breeding'
. , ‘ o
. season, the rlght gonad, was preserved 1n 70% ethanol for refer—4-
' \

ence. _Gonads werfgibserved twice; a second observatlon belng

as

'made several months following the flrst, to compare results.

é

» Gonads whlch were to\\small to determlne sex. accurately, were

o«

dlssected under a blnoc\lar mlcroscope

OtOllthS were collected by cuttlng transversely acroess “

W

the top of the cranium and bendrng-the head perpendicular to

the body to eprse the sagittal cha.bers. They were-presnged '

-~ in glycerin and read'whole in ahl:l gl cerin—water mixture
against a black background o} o mlcroscope base. Ages were

determlned follow1ng methods of Kohler (1958) and Berry (1959)
. ’/ AP

‘ N / fo, R
Treatment of Stomach Contents . ) ! 2

Dissections.were made to obtain the alimentary canal. It

-

was removed by'dutting the pyloric sphlncter and eeophageal
connection to thé cardiac end of the stomacﬁ. In freshly

caught flsh thls connectlon was ea51ly cut wrthout loss of
food from the stomach due to the rlgld muscle wall of ‘the loWer
°esophagus where it joined thls organ.\‘When necessary,-stomachs

were t1ed with #50 cotton thread to prevent food loss . and post-

. l

N
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Mortem migration of parasites from the:intestine. Digestive.’
tracts were preserved in 80% ethanol’ for la;er exanination of .
the stomach contents. At this time, the siamachs were separ--

w7 ' ated from the intestine and.a'longitudinal cut made along their

W

.length. The volume of food was éstimated visually‘as it lay'

in the organ, using the points systém of Ball (1961)_and De Groot

: (197%1).  This system was changed slightly from the oricinal of

- . e,

v

- Hynes (1950) and described approx1mate volume by employlng round-—
ed- 1ntegers to)lndlcate the nearest quarter fullness. Prey were

sorted to phyletlc or ordlnal ~groups in S ml polystyrene cups, .

o

1dent1f1ed under dlssectlng and monocuIar mlcroscopes and counted..
Wet welghts were determined to the nearest milligram, a proced-
" ) ure neCe551tated by the recurrence of minute larval forms

Occa51onally, a photographic leon L -Ke mlcroscope was used for-

determlnatlon. of pbdlychaete species by examlnlng setal morpho—
- Jogy. Prey were then_placéd in 1-'dram vials and coded. Iden-

.wtlflcatlon of contents was made using standard ‘keys given in

~

T -

Appendlx ll.‘.

TSaﬁpling of Fish
" Newfoundland

. Monthly collectlons of winter flounders were takenfﬁhile

L] -

#ﬁ' - d1v1ng on Scuba or snorkel over two feedrng grounds (Flg. 2):

Long Pond and Conceptloﬁ Bay. These grounds dlffered from ¢,

each other in depéh and sedimentation. Samples were taken to
.compare the effects of tidal movements on feedlng in flounders .

in the pond and differences between a shallow and a deeper'water
" Cop ] .

feeding ground. The shallow ground in Long Pond compared as ' . -

~ closely as pogsibleito the shallow intertidal zone of Braﬁg;~\

-
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7

: Cove while the deeper ground in Conceptlon Bay’ corresponded
as closely as p0551b1e to the deeper subtldal zone in Brandy
Cove. Table 12 (p. 100) prcscnts the dat€s, depths, sample
sizes and other information for the catches Depth 11mits of
the two grounds were chosen 1n reference to the folIOW1ng
points: (l) preferred dcpths of the spec1es (McCrd&ken, 1954;

Levings, 1973) within whlch patch concentrations occurred when

flounders were offshore; and (2) -depth of concentrations when.

-,

3 - s el . w‘-:’ o - '
flounders were inshore. Fish’were speared over the eastern ' S

1/2—1/3 of bottom in the western basin of Long Pond. Samples
were taken during. the last week of each month and as often as
p0551ble on thc ‘last day of the month to '‘allow the sampllng

of

ter characteristics to cornc;de wlth that of feedlng.gﬂi

Occasionally, collecting was extended -to both,sides .of" the = .

-,
it

insufficient. ' - :i:lrsé . ~ a
The second samgﬂing ground, /in Conceptlon Bay, con51ste&

) -
a sand and shale cobble bottom and had a depth- range of 3.1-

"20 m. Its area was 1arger than that of the'pond-and 51nce‘the

P

flounders in this part of the bay were scattered more widely
than those 1n the pond thelr concentraﬁions were lower, as re-
flected durlng some months in the sample 51zes. ‘The‘sampling

area included two rectangular areas (Flg. 2) wlth average depths

of’4-l3 m and maﬁamum depths of 2b'm. The fFirst one, for p;i—

mary collecting, contained tive'reference points used for sur-
-

face and subsurface_orrentation.. These points enabled divers

to keep collections within relatively constant borders. - Collec-//\

tions.- were made from August, 1971, to‘Jul{h 1972. Cessation of: -
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- \ .
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. . .

"/feedlnq in w1nter flounder and other pleuroncctlds durlng win- -
LN o - R
ter and early sprlng has been recoraed by many- authors (Blgelow
L - . .
and. Schroeder, 1953- De Groot l97l Kehnedy and Steele, 1971; ‘

. MacKinnon, l973) . Thus, samples for these months were not’ taken.' -
’ . . “-‘ . *y

(Nov .-Mar.) . Fish taken in the bay were COllected in, a burlap

- . . "uxv

N .
_;- A

. "bag and .imn.mrs.cd 1n a 1:1 solut'lon of férm’alin, and sea water, ‘
~on shorc. In the pondw fish speared in 1971 were transferred’
dlrcctly to a boat where thc coelgms were 1n3ected with 10% for—

malin. Th?ase spcared in 1972 were treated .in ‘the same manner

‘ as samples from Conceptlon Bay since formalln 1njOCtlon was not

. ( e found to 1mprove 1nh1b1tlon of dlgcstlon more than dlrect unu{er-—
T . , el g Nt~ . et

sion 1mmed1ately after capturo. In the 1atter- method flsh SN, e

e, . R

-Psﬁallowed the solutlon mto the stomach more qulckly than 1t ' \‘

LTI

could be J.njected for an entire sample. . S
New Brunswick - . -*. . . e . .
. Three samplcs of winter>f',lo,under were _obta‘ined by’spear:ing

-under water using’ Scuba»—from "Jul.)g“B—Auqust' 5, 1971, in Brandy oo
Cove, New' Brunswick (Fig. 3) adjacent to the Fisheries Service
Station, St. I\ndrews.‘;;ﬁ;ﬁ:—\ S ' o ' L.

\:'.-.‘.l~ # ¢ "' ..' ,
A record of cat&:hes appears ln“Table 1, which gives date, -

“and depth ‘of catch,.dally sample size, and hour of the tlde. ' ‘,
"Catches ‘were scheduled to allow adequate tlme for food con- -

sumptlon under the supposxtlon that this- was thelr major actl-

" vity following 1nshore,‘movement? As_the” w1nter flounder
[ P .

OCCupled the intértidal—zone -for"six té eight hours between .

lnsljpre and offshore movement, fish in Sample 1 were caught on

the ébb tJ.de as they were (1) feedlng on pr {2) in the process

”

of leaving that zone. These flsh well be referred to as mlgrants

i - .
Y } ) v :\__‘_

AR Y



- Date

- Sample

- ¢ _ ‘Catch Tlme Tldal Hour Tlde Sl
P Size (m) e L
v . T . L Vg T LT TR o _“
“15.7.71 3 0.9 7.5 0930-1030  3.60 ‘
20,7.71. .0.9- 7.5 1540-16L0 k.42
21,7.71 - 6 1.8- 435 ~1300-1345 .0.83
23.7.71 . 3 - 0,9- 7.5 1500-1600 ~1.33
25.7.7L 9 ¢ 0.9= 7.5 . 16301745 1,50
29.7.71 15 0.9~ 725 1700-1830. 0.60
.8.71 1 1.8- 4.5: 1800-1900 1,60
\lf"l'- / In‘t-;ertidal ubc{l‘itg-rzsmts //
~'1o.i?.71 13 .,*-1-%8;- 2.4 . 1030-,1110 2.38 3 00 leood
13.7.71 , 21 . + 9.,0-10.5 1130~ 1300 1.00 2 50 Floodd
"726.7.-7"1 .3 1.8=- 7.5 1'100-12‘00 1.50-2.50 . Flood 5. -
. Subtldal Pré§M1grants TR
- e .._l 5
8.7.71. 8 1.8- 6, 0,; e133o 1500 0.75-2.25 Ebb jﬁ?
9.7.71 - 10 .1,8=-6,0" "1400-1500 ' 0,50-1.50  Ebb .
-19,7.71 3 9.0-10.5 " '1230-1300- 2.35-3.25  Ebdb
28.7.71 3 -10,5-15.0 . 14l45-1545  3.83-4.83° Flood -
29.7.71 9  .10.5-15.0 1445 1545 " 3.16-4.00 . Flood .
4,8.71 6 - 10.5515.0 1300-1415 2,25-3.50 . Ebb
5.8,71. 2. 10.5-15.0 00-1445 2,42-3,16 . Ebb

Subtidal Non—-Migrants

.8

%

Table l.Récord of Catches. of thi‘ee',sa_xﬁples'pf winter flc'gquer . o

....from Brandy Cove,N.B."~

33
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ﬂ Two subtldal samples, con51st1ng of fish that (l) remalned
subtldally and d1d not mlgrate w1th the flood and (2) those

e o whlch were subtldal prjpr to the turn of the t 3é but moved

DoonEogee. 1nshore, were taken at opp051ng tlmes. The flrSt of the two

subtldal samples had 4& flsh and w1ll be~referred to as non-,

mlgrants", ThlS d15t1ngu1shes between the tWO\behav1oural types.

r g e

" The twO subt1dal samples were taken to f;nd‘varlatlons in prey B
; P o n

i

consumptlon, which mlght have occurred as & result of differing &

ey _responses to tldeﬁ Non~m1grants were taken ‘after inshore move-
.o . , Coe
~g§'f " ment but before the offshore surge of the migrants;- they Tepre-

P . . e, ‘. . - P N

- '§? sented the main stock in the St Cr01x river which d1d not re— ‘

—_ ' 5B -
o o spond to the tlde.,,Thelr catch perlod occurred durlng the six .

~u - F)
L 3 L z ’

. L)
- -

‘to eﬁght hours when d1rect1onal movements ceased and the two

" e
e - vE,
v » °

groups were separated. ) e

]

- Fewer but larger catches of pre- mlgrants were taken on -the

Q& h " flood tlde when éhey weré concentrated in a small area between -
R low water~mark and the advan01ng tide line.» Due to thElP pre-
e - ',' flood p051tlon, pre‘mlgrants contalned subtldal food in thelr

stomachs,,as in the non—mlgrants. As the rate of tldal advance't'

-]

- o controlled their movemEnt over the 1ntert1da1 zone, they could

7'7._ LR [

-+ - be found 1n a more restrlcted arEa. Follow1ng 1nshore mdve—'

w “( (SR

‘ . ment,’ they became 1ntert1dal feeders and llke non mlgrants,

g
H - ‘~ - 0

< t_: . Spread oVer tpe'remalnder of the zone and xequlred more t1me g

- A

‘ for sampling 'Follow1nq capture ofddily samplesL,thefspinal
¢, ' '; ., 4, : '—.”—\A'/ :
o cords of the’ flsh were severed behlnd the head, coeloms slit

\7 ’ oA

;; . and their bodies 1mmersed.1n 20%-forma11n and sea water. In the"

Ce v " on

Co laboratory, measurlng and dlssecting methods were the same for .

R RN . o ‘\'] . -
flSh samples taken in both“prov1nces as ‘described above.

-, Q
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_Oxygen and Temperature
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- Results and Discug,_si_oﬁﬁ/”w

@ R ' v

7Physical'ﬁnvironment ’ - L éz‘f‘

R

"Long Pond = ..

Figure 5 shons the wintef'monthly and summer.semi-monthly '
records of oxygen and temperatures in Long Pond and Conception
79 * Bottom: water temperatures in the pond ranged from -2.2" to

£

17 0 c and those in the~bay ranged from —2 2 to 16.8 ¢. Watér

'.i .

\temperature in the westerniba51n was found to be sllghtly‘hlgher

T

: L . ‘ P o : '
. -than that in the eastern'basln (Chrrgtle, 1966). Unlike temper-

ature, trends ln oxygen content‘of the-bottom water in the Western
ba51n and the bay followed each other dlosely.u Watér was Well'
supplled with oxygen from January through April - (1972) and again
durlng November’and December. Supersaturatlon occurred'in the

pond on March 31, Aprll 30, May 16, June 16, and June 30. -

Temperature 1n51de the pond reached a summer max1mum before

”that in the bay. -This compared w1thG51mllar condltlons found_by

C o smidt 1951 on the panish. waddens. Following break-up of thie

5

o

o %Q»~flsh counts showed that warmer water also occurred on. certaln

- conditions.. = | SRR o

ice cover 1n m1d March seasonal warmlng began almost 1mmed1atel§j

1n Long Pond and was enhanced by the shallow water column and

dark mud bottom. |
Temperature reached a(geasonal peak of 17 C in Long Pond by

mld July.; However temperature records kept durng the days of

*

-”days»ln the spr;ng. This was,'ofrcourse, dependent or weather.f

r
';ﬁ{) :
.
[
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Figure 5. Temperaturo, oxchn, and sallnlty of “the- bot*om waters ‘_.  ;'¢<~ﬁ1f‘

NI ‘ ‘of Long Pond. and Conception Lay, Nfld. ‘Readings takien’ e L
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" April through May and mid-August ‘through September, the concen-
’ . . ¢ : : e

. Seasonal warming in Long Pond occurred by sharp increases . |

in water temperature separated byrlonger periods of stablllty

o

During late Aprll "May, and June, values remained low to moder— @a"

“ate for many days and éhen rose quickly after only two to three'

e
-

days of calm water and:sunlight. “Warming progressed.at faster

rates after the temperature reached 10 C. Below this value it .
J . . a . . ) , ' T,
cooléd more -quickly than from other levels of temperature.

. [y v .

Changes in‘oxyden and temperature.were typical of a shallow
lagoon and similar to those found 1n the Mystic Rlver estuary

(Pearcy, lQGZ)aLnd ‘the eastern ba51n of. the pond (Christie, 1966)

’

Lowest temperatures occurred. in Janhary. The w1dest range occurred
over the intertidal flats"(-2.2—21.0 Cf'where pan ice~formed in

[ -,

w1nter .and summer maxima were hlghest for the pond. The relation

between temperature and oxygen in the western basin was slightly
. e <
more complex than that in the eastern basin. Thé‘expected in-

verse relationship of the two parameters (Sverdrup et al., 1942)
{9 [’ “ :

. }'g" e .
did not always occur wHenvthewhay and pond were compared. From

4

- . ( ,
‘tration and per ‘cent saturation of oxygen.in the bottom water

were greater in the'Pond,than in“the Bay even. though water was"

warmer in the pond (Fig. 5). Such condltlons probab&f resulted

from the effects’ of w1nd exposure on’ turnover and saturatlon of

A ) .h N
the shallow water'inside the pond,seven during warm weatherl'

ffects of wind on this 1agoon were comparable to those on fresh-

water ponds on the Avalon Penlnsula (Davis, 1969). Wlnds of
\ , -
15-25 mph often occurred’ durlng clear weather, ‘and caused satura— .

kY 7

tlon here as’ well as in the surface waters of the bay.
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Salinity . o A E :

Long Pond - : . L : . Ce

Salinity remainedyfelativgly uniform ﬁrom May to October.
. v . . - " " . * 1' . .

“(Fig. '5) and ranged bétﬁ%en 30.8 %Aand 35.9§§[during periods qf

\

constancy._ Salinity decreased to 11\9 2 during times of dilu~

‘tion. Variations 1n these values resulted from the lnteractlon

-~

.of wind tide, and changes in pre01p1tat10n Wlde fluctuatlon

‘occurred in sprlng and early w1nter due to dllutlon of the water-'

" column by terrestrlal runoff. and seasonal .precipitatjon. Melt;ng

. SNowW produced halocllnes Wthh decreased v151b111ty greatly. On*h

»March 31 ‘for example, halocllnes were observed where water cur-

T

' of spring runoff and melting snow.

u"‘

~t

«rents en01rcled stable ob]ects*at the sampllng statlons. From

AR

May 1-15, halocllnes Wthh approached bottom were- seen while

s .

» counting W1nter flounders along,transect Tl. This change occurred

not only over .a wide vertical but wide horfzontal distance (e.g.

290 m of 366 m of Tl) It inhibited clear v1510n and requlred

countlng to be postponed until- the m1x1ng was completed .

LA

. \‘ 3

p

Conception Bay
fExcept during peribds of complete&mixihg‘and'heavy precipi—

tatlon, sallnlty of the bottom water normally ranged from 31 8 %

to~34,l % Only on two dates, Apr11 30 and November 30, did it

drop to ‘ow values of 12.7 % and 23.9 %, respectxvely,_because

Sediments
'DistributiOn and characteristics of .the sediments at the

©

two Newfoundland study sites are discussed.in Appendix 1;-
' . e '

N

L4

e

Cag
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Temperature °

Ta

Brandy Cove _ R -

Mean surface temperatures in Branderove’and'Passamaquoddy

2 N .
%gl Bay followed a seasonal cycle reachlng a maximum in. August and a

»

'+  minimum in February (Fig. 6B). From 1921-1947, the mean August
temperature was 12.9 C and the February minimum was 0.2 ¢ (Hachey

and McLellan, 1948). 1In 1971, the mean August surface temperature_

was 14 0C. A maximum of 16 0 C was' recorded on August l. Thus,

the temperature regime experienced during July and ‘Auqust, 1971,

was hlgher than the earller 27-yr mean‘and‘compared more closély

with the August maxima of 14.7 C and 14.8 C reported by Stephen-_

v

- son and Stephenson (1972) "and McCracken (1954), rESpectively

Table 2 glves the mean bottom Water temperature aﬁ‘3 depths

in the cove durlng summer. Means were’ recalculated from McCracken

(1954) who gave- temperatures at various depths 1n both the bay )

and the’ St "Croix River from trawling surveys. .
T S -

.

_ Depth - S Month S
. }m) o June /;\*\ly Aubust September e
1- 47 11.3 12.6° . 14 8,‘ N 15.5
11-14 7.2 10.1 130" - 13.8 7~
- - 26~30 7.3 10.2 1244 . 13.4 )

Table 2. Average bottom water temperature (C) at
- e - three depths in Brandy Cove, N.B.

L . ‘
The June thermocline disappearedgduring late July and Aug-

ust. Warming at.depths of 11-14 m'occurred‘in‘equal increments

from June to July and from July.to'August. urface temperature -

progressed at the. same rate durlng sprlng and summer in both Brandy

~
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L o —

C—

. .Cove and Conception Bay,,but lagged . two months behind Long

Pond. For example, an average temperature of 9- 10 ¢ was

recorded in Brandy Cove and Conception Bay in June but in

- Long Pond-in April and early May. A mean range of 12 5-
14.0.C pccurred, in the cove and bay in Jnly but in the pond
. . ' a . ‘\?"‘

in May. Maxima of l3.5—16.b C were.recorded in cove and

bay in. August but‘inlthe nond in June. - ' ' i

Itsis‘interesting to note that bottom temperatdres‘

in Conoeption Bay. exoeeded those at the“surface at Brandy
'Cove_in.August 1ndlcat1ng that the water co}umn in the

bay was warmer than in Brindy Cove. Water in Brandy Cove
was colder because of tidal mr&lhg and- upwelllng These
characterlstlcs are common 1in Passamaquoddy Bay, where .the

water is not statlc long enough to warm up as Itxdlg\hyi;\\~:-m—~_—;~—
; . ' o %‘ e o - ,
mid sumger in Conception Bay. - )

oo s

,/'.

Y -

Salinity

Brandy Cove

-

Lowest surface salinities occurred in April and May

“when values were. 24.8% and 20 9% respectlvely. Values at

X

0, 10, ahd 30 m followed each other closely frOm January
-tQ March, but surface dilution was hot extensfve enough to"
oenetrate to the 10 m level{- Data for the 30 m curve_were”

not taken in April and June and have been'replaced by two

[y

.values whlch were taken at 20 m to prov1de continuous plot—

c»)

LR -
ting (Fig. 6A). Salinity at 20 m was very close to that at . . -
30 m for.other periods in the year and would be expected tb

- be similar at this time of year. Runoff decreased salinity

- e N o

s
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throughout the entire water column during May, while re-
latiyely dry weather from June to October caused an'increase
in salinity. In the river, naximum values occurred in
October ‘at all depths. 'Durlng July and Auéust, salinitu
ranged from 29 2-31. 6%oand compared w1th values glven by
Rowe (1970) and - Tyler (1398) for Passamaquoddy Bay. Their ..
ranges were 30.0-32.0%Ql§;mid—summer’and typified'the river.

at the deepest part.

b

Benthos
Long Pond T
3 7 .

Observations on the Biota-

Intertldal plant growth con51sted prlmarlly of Fucus

. vesiculosus.- Subtidally, Zostera marlna grew in bands par-

allel to shore (Flg. 2) and the crest of an underwater slope.

Chotda filum was lnterspersed among bands of Zostera marina.

Statlons 2 and '3 of the tidal transect, lald for study of

. B

_flsh moveﬁent, crossed thlS band of eelgrass on the east 51de )

f

of the pond. Beyond the Zostera bands, the open bottom was -

covered by rolllng clumps oijllayella;lLttorallsﬂ «Laminaria
digitata'was seen adhering to. ocCasionalﬂEocks and anchors.

Transient plants of Agarum c1brosum and L. dlgltata were seen

drlftlng'lnto deeperawater as they were-carrled to.the’eastern

basin by tldal currents from Conceptlon Bay. 6ther'algae,

such as Ulva lactuca, Poly51phon1a flex1cau11s, D1ct1051phon

foenlculaceus,,and Chondrus crlspus, Were found in small

"-

quantlty Spe01es of Ascophyllum and EnteromOrpha were. found

clinging to wharves and floatlng ;n'qulet areas. jﬂeds.of

Lt
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Mytilus edulis cévered the head of the pond in an area devoid

-

\ of Zostera marina. : L.

=

The folloWing animal§5hppeared in the basin lat,varying

‘ ‘times between May and September: eel, Anguilla rostrata; skate,

Raja sp.; her{ang, Clupea harengus, lobster Homarxus amerlcanus,

A}

rocg;crab,Cancer irroratus; starflsh Asterias forbesi; and

///////6goasionally"Queen crab Chionoecetes opilio.

Astérias forbesi aggrégated in a breeding colony across

L the transect T1 1n May and June, but dlspersed in July. . It was

%
Ve ke

.the only locallzed area of asteroids inside the basin. ‘ ' I

Littorinids were present»ln large\conCentratlons inter-

.t

“tidally and scattered individuals of Polinices heros were ob-

.0 . - ‘ o

served in the shallow.subtidal zone of the pond. ‘ '

The. green sea urchin; Strongylocentrotusﬁdroebachiensis,

4

.reported by Acreman~(1966) for thecchannel and Christie (1966)

2

for the eastern ba51n, was’ not 'seen in the western ba51n. . Be-

. \ - -
v E " v .

tween ‘the transect and shore, Pandulus montagu11, thtorlna'

T K

llttorea;‘Balanus balan01des and numerous‘post~larval and qu-;

enile flounders (.5-20 cm) were préesent. ) ‘ o

L

f—a

. .,
B [
.
1

Faunal Communities - . / : - A .

1Y ' hd . . . L —~—

From a comparlson of organlsms sampled in the eastern ba51n
(Chrlstle, 1966) w1th prey eaten by flounders in the western ba51n

,-':

-(Kennedy and Steele, 1971 thls.study) it is belleved that faunal
communltles in the. two basxns were 51m11ar.. D1v1ng observatlons

_on the, general dlstrlbutlon of benthos and sediments also revealed

2

this 51m11ar1ty'between the twd areas.‘ Chrlstle'{1966) found

.
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\\ - one epifaunal and two infaunal communities. Elements com-
_ o prising  these communities were Amphipoda,.?olychaeta;)
. . S .'p.i, . s . ~

Cumacea, Gastropoda!:and Pelecypoda. The animal community

. o h .
.changed from infaunal, with low 'biomass to epifaunal, with

a high biomass. - The gradation from infauna‘to'epifauna

took place from soft to hard sediments and there was a

\ K ’ \

correspondlng 1ncrease in the frequency of species and

i 3

numbers of each. Thé high standing crop of the epifaunal

communlty, Mytllus thtorlna, was restrlcted to a small area

e -

and made up only 4.4% of the bottom surface area. However,

L4 .

’ ) . much of the large food reso%rce of thlS small communlty was

“not harvestable by\glounders due to: the large 51ze of Pelecy—

’ —

PR © . poda comprlslng the grdupings in this association.

A N '
The two infaunal communitigs (Macoma-Mya; Polycirrus-

: ‘ s , -
”Mya) covered\the remaining‘bottom area of the eastern basinA

(1966) found that/numhers of spe01ES per’ sampllng area‘was

low compared to other localltles (Mare, 1942; Sanders, 1962;
o I ) : i . . .
Infaunal communities sampled in mud at the

Y]

Peer, 1963).

center of the eastern basin fluctuated- seasonally with changes:

in. their life cycles, but little permanent_change was found

on a yearly basis; . He reported an impoverished epifauna of -

only six speoies‘due to‘the‘absenoe of firmer substrata on

= 'f’lnfauna'consisted of an unidentified polychaetefMacomg ass0G-
) N"’"\s\#ﬁ;; e . A * ’
N ] 1at10n.“ Eplfauna con51sted of thtorlna and Mytilus. Num-
3,- ‘ érs\eidﬂ_ggnlsms were more abundant in areas where Zostera
\ . L . N ) _ _ -
:1 L —"l . . ] i —
ey Lo f’.‘” - . ‘ -
N wIae : ’ 3 .
a s\—?\‘*, o AL S

and - only supported 56. 3% of the t tal standlng crop . Christie

ERY
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(5z=,~ marina grew, partlcularly in_the sprlng of 1971 This corr-
esponded to observatlons by Holmes. (1949) and Chrls§1e (1966)

that abundance 1ncreases in ‘areas of 1ncreased plant bover.

4. As soil and benthos were removed seml annually from the deep
3 . )

end of the western baSLn, ltS contrlbutlon ‘to the food supply

was negllglble. kpus,lts bottom arc3 15 precluded from con-
\ .

. T e e

.
-

srderatlon in thlS d15cussron.

- . P . 5

D1v1ng observatlons suggested that the mud habltat had

- \ .

a lower blomass when compared to the' sand habltat. ’ ,1;£,

.’\

?

'Approx1mately 50% of the bottom area of the shallows ‘

‘ “ -

_,Ln/fﬁe western basin was sandy w1th the other ha%f composed
—_ . ’ ‘..- "' g - ‘.
CL of mud and 51lt. It may be assumed that the proportlon of

@

epbfauna 1nhab1t1ng the larger bottom area of coarse sedlment

L‘1' '\ 4 -
'in the wesTern ba51n, prov1ded a: sllghtly hlgher biomass’ ofr‘

T A L

T anlmals than that 1n the. eastern ba31n . As well, 1nfauna in
g _MVthe western basin would be less'abundant than -that -in the
‘ o \ \ - v e
eastern’basin, since its surface area‘was smaller. -

-

vf;. ' '. Fauna known to occur in Lonq Pond are. listed. 1n Appendlx’

~ ‘ .-

2.. Sufflxes applied to each spe01e§ 1nd1cate the’ sourcd'OZ}

a. ) 9 . .l

Ld

S . the record for,that species and‘are:.l—Christie (1966) ;

2-Kennedy (1964), 3-Acreman: (1966), 4= (1+2) and 5-the present
v . study. N ‘ "~%4 o -
'ﬂ[ﬁ( . . ~ ‘ . . ’ . ‘ ) .

e e Conceptlon Bay "

'n‘ff Lo "~ Benthic’ marlne algae of Newfoundland coastal waters have

' 'been descrlbed by numerous authorsM(W1lce, 1959 Taylor, 1957,
. T "‘ . . N—\

) Mathieson eﬁ'al,,vl969;'Hlmmelman, 1970, South-ﬁlalwlg_,The

':f more commbn Rhodo— . Chloro-, and Phaeoppy a dlscussed from

S T T -3
these reports appears in Table 3. For eé{h;spec1es,_the_zone

o .
o -!ﬁ v
o 4 ., . . -
o ’ B

-
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I

. or depth»of average occurrence, type of sedlment habrfat

.b_

Evel of abundance are glven. The level of. abundance

-:-. »;c F

and l

1nd1cates a v1sualLest1mate taken underwater. For‘an ex—‘

planatlon'of this wmethod seevMann(l972) Only the- more

0

common macrophytes occurﬁlng along the east coast of the

bay are llsteq to show these avallable to predatlon by the -
> o .
larger fauna : The spe01es listed cover the coastllne from :
, ' :

' Cape St Fran01s to Holyrood on ‘the east side of Conceptlon .

Bay. Long Pond is located: along this shoxe

Y

The benthlc fauna is 51mllar to that reported for other\'ff

-

'.areas around‘theslsland of Newfoundland. It differs only in

¢

. relative numbers of‘certain_species'which thrive under the

more protective'coastline‘of the bay.  'Appendix 3 is a list
w, .
1n Conceptloh Bay Spec1es llsted occur elther as annual‘
re51dents (Tyler, MS 1968) or temporaryomlgrants durmng some g

phase of thelr llfe cycle. It was complled from my’own data

'4and 1nformatlon in Frost (1940), Kennedy (MS 1964), Hlmmelman~

I

~
.

(MS 1970), Coady JMS 1973) and Downer (MS L973). Pelagic and
F'

.. of benthlc and macrofaunal spec1es of flve phyla known to occur,

m1crofaunal spe01es whlch appear only 1nfrequently in the’ wlnter’

- N
EISS Y
p)

flounder diet are excluded. ’ L e e

} - . -
ne P N . : ‘
Brandy Cove - ; B : RN
- . P . I '\ ! . .. o
Algae, Amphlpoda, and 1nfaunal Pelecypoda were more

. numerous 1n the 1ntert1dal zone than other groups of organlsms

u

sampled. . Larger ep1fauna,.such~as‘Asterordea, Ech1n01dea,

Anthozoa and Decapoda, were’ scarce as a result of the 1ncreased

i

degree of shelter from the coast.’. Numbers of organlsms on the

‘J{é‘f‘zw e

N . . \ \.'-.. . .«

w
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beach and in thc shallow subtidalvzone are listed in Appendix

"k, Two frequcpc1es for each of two categories —_abundance,

. and speciecs “variation - are given/station to show -differences

o

. botween ‘dead and live individuals of molluscs.

Fewer than.half of the intertidal'stations had mean fre-

D IS .

-

'qucnc1es lower, than the mean - of the transect which was 56 7
1nd1v1duals/station or. 2320/m2.f Max1mum abundance occurred
-at stations ] and 5.with 179 and 563 orqanisms per. sample,

respectiycly. Abundance and fluctuations in numbers increascd
i'with dccreasinq dcpth in the ‘intertidal zone (Fiq '7) bub-

T
BN

tidally, the number of species was slightly hiqher and more :

ta

iz
~,sconstant than intcrtidally Numbers of orqanisms were: greatest

in thc most shallow T1 stations, dccreascd throuqh the mlddlL
part of the zone ,and increased again just before low water

neap,(LWN)., Abunganee of organisms,around low-wator has been
"reported eclsewhere (McIntyre and Murison, 1973) and was also
- found alongrtransect T2. Numbers reached a peak at station 4

just above low water. line’ on this transect (Fig. 7 )

The distribution of animals was closely,related to&sub-
. . . <~ . 3 ‘
strate hardness and . pre of habitat Since speciesUdiversity

~

) was inversely proportional to homogeneity of the sediment, -the -

S } I

‘distributions are,partially eXplicable. More organisms,were‘

v

Y

found in the extremc,low and,high 1ntertidal zpne where gravel,

pebbles, cobble rbc', boulder, and shelving sandstone ledge

o,

“with tide'pools proyided a wider variety of niches than did

+ the sand of the ‘mid intertidal zone. . Rocky substrate\govered

stations 1-7 and 2

“a .

of Tl and all of those along T2. Thus,

-, 8444, 1644, ZSQQO, 1866, and 2977 organisms/m2 were found at
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W;the Tl"atationé,.respectiveiy7 and a mean of 2485/m2iwas

§seen at T2 stations. These were peak numbers and the bio-

e

2

mass values corresponded 51m11arly w1th a hlqh of 4546 g/m

‘)‘wet welqht at low water for-station 421 and 1864 g/m met

'welght at statlon #5 (Appendlx 4, and Fig.7 ). The upper
: part of T1 was colonlzed by algae, amphipods, nerelds, and

pelecypods.~ Table 4 1llustrates the dlstrlbutlon of organ—

‘e

‘isms in-'the Tlrsamples."

Beyondqstation 7, the sbil.cﬂahged to sand and extcnded

to #19 Thie area is considered to ‘be the~mid—intcrtidal Zone

”at thlS locatlon in Brandy Cove. It was hére that numbers

decllned to a low of - 89/m at #13 At.station 15, 355 ind-—

~

'"1v1duals belonged to ore sped1es-only and blomass fell to 1

q from there to #19

Throughout the sand flat, only relatlvely coarse mat—'
erial,was present and comprlsed'92% (dry” welqht) of the soil
aample at station’ #19, 87% at'#15, and 79% at #9. The homo—_b
‘g@nelty of the sand haoltat compared to the border of . rocks
above was thus partly accouhtable for the drop in numbers,
Large epifauna were scarce over the sand flaﬁldue to the lack
of sUitaBle;shbetrate for'attachment."Algae\ahd'speciesr
iaesociated with the cobble-ledge eubst;ate “above the sand
ﬁflat .phased out; while low, fllamentous, green;and browh'”
spec1es of algae appeared Nereis wvirens declrned'in abun—

AY

‘ dance. Peloscolex beneden1 1ncreased steadlly along Tl tox

)

ward. the low water mark. An ollgochaete complex of Peloscolex..‘

[ It
and Clltelllo, consumed by the‘fiounder, was represented only

N 4

by Peloscolex. in the mid-to- low 1ntert1dal (Table 4 ). 1Its
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Species = - L : : Station Number

- . Cobble-Pabble. Sand Flat - _ .Bedrock.

Sand Ssur

. »

face. over Gravel Mixture -

<My Erlds eculis ..100 13 411 . © 33

e - .
- Lunatia triserata . -

' :-Cricotopus sp. L : 2
-"Enoplus sp. o, .
' Thais lapillus -

" Rhodvreria palnata : : R o

"Ete one long2 ) ) LT

-Ninde nicripes

. . 173775 7 9 11 13 15 17 19 21 23

25

27

29

-

.31. 33 35 37 29 41

" Balanus balanoides . 31 24 -37 -

-Garmarus oceanicas 78 19 108 34.- v ST
Neres virens - - .5 1 6.6 1 - o

Monmostromz sp. . "1 1 ’ o -
Acrosipaonia arcta’ 'l ' :
facoma balthifa . 3, 1
Fucus sp., " - 1,

Pilavella 11*toralls .- 1

Pglrchaeta T C 1
Enteronorpha ' E
intestinalis * T “.

e

Aqﬁnvhv;l'" nodoswum

atia heros , .
PeTOSﬁoloa Senedeni -+ ¢ S
dicrura so. B :

Heteronemertea . . . - . .
Chondfus c*lsphs_ I : : . e ..
Buccinvm undatum T

.
P b W N W

Cistonides couldii . ) . . . = 2
‘Nerertea | s _— o AT ¢
Phascolosoma sp. S ] L Lo - 1
Arrotyvane aulogaster T 2 ¥

- Harniothoe irbricata . - e . - - -y
_ Achaea tes uclnal*s : ’ . e 1 1
9

Nephtys incisza ) S .3 -3 S S

Cladozhora sp. o - .1 1.1 1 1. 1.1,
Lentocheirus” Dlﬂquls ' P : -l . 3
‘Scolopnlos armiger;- a ’ '

S. &oshacmisasis . -7y
Lumbrineris f?acilis,
Clvmenclla torocuata

S¢llis gracilis
1olicdia sp. .
Glvcera caaitéta

!
t
N . .o . S
Teretelloides streemi’ | - ; Y
‘ S :
t
i

10

’ ) . \\ )
1 "3 2
- . Py .
4 10--.-1 1.3 ) !
.4 5 16 17 .
1 ’

[
w
v

Table 4. ;
. . Vunbers are for a 0. 0223 cm¢ samp ler.
: L. 5L e

- B . e e e

Dlstrlbuhlon and numbers of orcanisms pnr “1 EXman Dradce sanpln

from.

8randy ‘Cove,N.B.
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'CladoPhora, 1othr1x, and Pilayella. Pilayella littoralis

52

distribution in Brandy Cove coincided with that reported

élsewhere (Meoref 1905; Brinkhurst, 1965b; Cook and Brihkhurst)1973)}
In the low and mid tide zone broad bands of'éMall‘

green and brown- algae. qrew adjacent to the transect.

‘Among them were Acr031phon1a Monostroma, Enteromorpha, R

-~

was‘seeh to have the widest distribution from HWN to LWN
' . ‘ °

. throughout the’summers of 1971 and 19.72. It‘qrew profuéeiy
“.in freshwater runoffs- of pebble bottom or attached to fucoid

,holdfasts.. Acrochaetlum grew upon the rhodophyte Ceramium

‘in scattered placcs, whlle Ascophyllum often domlnated Fucus

. of the mld—lntertldal.' ' L A (

T

Station #21 was found to be profusely covered with

"Mytilué) and *contained more’species (l4),'organism$‘and

blomass than statlons of the mid- 1ntert1dal. Species were .

transrtlonal between “the mld intertidal and the subtldal 'A; s

zone . Ten spec1es d1d not appear elsewhere on the transect

Jd

and included Clstenldes, Bucc1num, Enoplus and Mlcrura.

"t

“ Peloscolex dlmlnrshed‘ln quantlty, and 1ts dlstrlbutlon

,stopped here. Slmllar groupings of spe01es were found on

s,’ Iy -

- T2, where Ollgochaeta, Nematoda, and Nemertea were foundur

The polychaete, Pygoeplo elegans, -occurred only on. T2 but

not alonq T1. e ' o o,

;g’*'\.

SubtldaLly, polychaete became more 1mportant on Tl,

and sea urchins substantlally ralsed blomass values of the -

subtldal samples : There was poor variety among other groups

except for the polychaetes vThere included'll species' Some'

of these were Nlnoe, Clymenella,‘Terebe1101des and Syllls.

— .



.Transect T2 | , ,
o Speples dlstrlhutldn was 51m11ar along transect T2 ‘but
comp051tion dlfferred because polychaetes and ech1n01ds were

Algae, Nematoda, Nemertea'and Gastropoda domlnatad
Their dense

absent./
/
Mya ar enarla and Macoma balthlca were ; 1mportant.

p0puldt10ns formed a w1de clam bed that extended into and be-

These two spec1es are 1mpor—

yond the second stream outflow.
1952; Steele,"

Cant food sources for fish (Medcof and MacPhall,
(Appendix 4) peaked at station #8
7). low- -

g:¢ et’al., 1968) . Numbers
51m11ar to thHat in the upper lntertldal of Tl (Plg.

ever the T2 area was generally less dlverse.
: oligo*

Interspersed - among the clams were nematodes,
The most abundant was Peloscolex bene-

- }'“ e .chaetes and Lunatia.
deni which seemed. to follow the distribution of Mya over ., the
. .

-

clam bed and into decomposing sediment of the secondsstream.

S
and 1nd1v1duals

Statlstlcal Comparison of Brandy Cove- Intertldal and Subtldal Zones

IJ“: i

Along Tl numbers of spec1es, blomass,
.were not 51gn1f1cantly different 1n the two zones. - The num—

ber of T1 1ntert1dal samples was nearly equal -to the number

of subtldal samples as was the number of spec1es per statlon
Appllcation of both parametric and non-

|
/.‘ ':ﬂ{l6) in each zone.

. : parametr1c~tests revealed;no 51gn1f1cant dlfference in the
. /" ' . results-at the tradltlon;l 1 and 5% levels of elther blomass
' That no dlfference'ln blomass occurred

N

T o
' or numbers along Tl.
the.absence of a large

: was foreseen (Appendlx l)
dlfference between means 1n the number of 1nd1v1duals in the
o

, T
This-~was due to an extremely large

However,

-~ t

two zoOnes was surprising.
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variancé surrounding thelintertrdal mean . The subtidal vai—
iance was narrow about,its'mean‘becauseﬁof'a more uniform
distribution of numbers. Consequently, the .subtidal standardx
deviation was.less than-its mean.. However, the distribution
of'numbers intertidally was'abnormal; skewed to the left oom-
pared -to the subtldal dlstrlbutlon, and resulted 1n extreme
.varlance with a standard dev1at10n ‘twice the 51ze of its
mean. ThlS affected the ab111ty -of any test to show a dlff--
. erence if it ex1stedh It was caused by a w1de range of fre-
quencies in the.firat:five stations of Tl, where organisma ’
.clumbed.in a line éerpendicuiarlto low water and were_ugiform
in distribution parallel to it'in relation to substrate charnges.
Thus, although intertidai abundance ofiorganismd[was.five times
: Qreater than that subtldally,‘the beach d1d not provide 51g-
nificantly, more benthos (t=0.21) as prey for flounder ‘Its
- biomass was slightly lower than that subtldally although not ’

51gn1f1cant1y, -‘and its variety was equlvalent. The Randomiza=

tion Test; T—Tesfn ‘and MannﬁWhrtney U Testlwere employed in

this analysis; The results were similar for each test; signi-

ficance between the 5% ‘and 10% levels, and closest to 8%. It

would -seem, then,'the intertidal area studied.is as important .
‘as the.sh&ffsw“subtidal-in~6fferin§ comparable species, number’,
and weights of organisms as prey.r ) : T '
THe Relatlon of Brandy Cove to Other*Areas.
Faunlstlcally, Brandy Cove and its adjacent shorellne of

Passamaquoddy Bay are one of the r;chest regions in eastern

Canada. therature searches csncomitant with @rédge sampling

1
e
ot B
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.&dt ndicated that of several reglons both to the north and south,
thlS area had one of the widest varletles of spec1es betweeti’
'Newfoundland and New York: Table 5,oompares shallow water
'benthic surveYS over-this geograohie/renge., The total num-
berlof”species cited from eegh souroe is considered typiﬁel '
for its corresponding site’ Information on the number o£“
'1ntert1dal and subtidal blota, blomass determlned by type of
study, and abundance per square meter has been llsted so that
.comparlsons can be made Columns 3,6,7, and 8 of Table 5 1}1us—
N » trate the - difficulties in comparifig the studies due to‘their‘
| ?midely varying methods. Total numhers of species:known for
Long Pond have been determined trom composite listings of four
"workers‘in that .area." However Christie (1966) is used in
| \V-reference to the flrst complete benthos survey there. Authors
have .been shown as "various" to cover all original 1denti-. .t
. fications and collectors 'who contributed to_the list_of

fauna of Brandy Cove from 1912—1973, as most records have

not been. publlshed or a complete survey made. In numbers

of specres, Brandy Cove is endowed ‘with 182 -reported between
1912 end 1973, compared to Bideford River, Prince Edward Island
(159) and Long Pond, Newfoundland -(101). The depth.ranges.
and sieve sizes were the same in eaoh or‘these studies.
, Numeficel abundance'and biomass estimates of the threeﬂsites
o ~ will then be comparable. ‘Based on total lists of the ﬁay near-
| by, thls number is expected to rise’ mlnlmally to 220 for the cove
follow1ng more thorough sampllng and completlon of the area

records. Specres for Brandy Cove are shown in Appendlx 5.
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, . ealtty” - IBE1E94 (5 | 9B 28 | 563 55T P9 508 |18
Author Year *] .(north-south) = : w0 I 2 f = m g = m \g 2 Oowm ’5 s‘
Christie 1966 Tong. Pond, NETA, - 4.6162+ 10.5 | 2/4 | 13/82 Y 97.5" ] -
Thamas F1970 -Bideford }PEI.* y 4.0[7000+10.5 { 20/9 |, 16/114 | 20.1 10252(5) 29859 (S)
Tharas 1970 Bideford,PEI.: 3.0{160 0.5 7/72° . . h .
Wells 1973 .| Brandy Tove .= 9.0|26. [0.5 | 9/26 | 2/24° 844(S) |4012(I) |25020 (I)
Various 1912-73 Brandy Cove (¥ . 20, |- |var | 37/84| 57128 : S
Hanks 1964 .| Sheepscot e, 16. {78+ |L.5 -/108 1500(S)
Stickney 1959 SheepSrot,Me. . 20. |24 1.5 | 18/31 11/113 ‘
Young & . ] L . . 42, . - A N .
Rhdades 1971 - CapeCodBay, Mass. 42. 1.0 ‘ -/118 | - 15410(S) 30150 (S)
Sanders 1960 Buzzardskay,Mass, " [- -J19. 24 [0.2. =/719 |12.2 | 8985(s) J15622 (5)
Sanders 11958 _|BuzzardsBay,Mass. |- -[20. 0.5 : - . - 4430(s) | 12576 (SY
Sanders 1962 . Barnstable Ibr,Mass! 0.0 0.75| 0/82 - - }138.9 ) 181000 (1) 355000(1) |
1956 31.' 1.0 : -7/135 i

Sanders et.al.

!

Long Island,N.Y.

54.6'

16446(S) *

46404 (S)

x_ir .
£
N e

Table‘ 5, chrparlson of Benthos Stud_les for Coastal Marme ]:oéalitiesgNewf@rxilarzi to New. York. .

B
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The dlstrlbutlon of many spe01es is contiguous and extends up

‘the beach in. the cove where it may not elsewhere, due “to the -
differences in tldal amplltude. The 182 spe01es are divided
_:1nto 121 1ntert1da1 species compared to 49 at the mouth of the'
Sheepscot Rlver, 29 .at Bldeford Rlver estuary, and 6 at Long
Pond Wlth 128 subtldal fauna, Bfandy Cove stands 1ntermed1ate
between Long Pond and Long Island for whlch Sanders (1956)
“.found 135 subt1da1 spec1es in Greenw1ch Bay. Thls_rntermfdlate

-

rank'seems-to result from.the addltlon of more short=1lived

-Virginian fqrms‘andla phasing out of the boreo-arctic component: i

in the latter area. At the.same ‘time, Brandy Cove'is higher in

rank than areas north of Long Island.» The.Sheepscot'River com-
pares almost equally with Brandy Cove Aith” a total of 173 spe-

‘c1es. Prlnce Edward Island Malne, ‘and Massachusetts,>all of

whlch rank lower than Brandy Cove, seem to have 51m1lar num-,

L]
y -

bers of subtidal spec1es- 1l4, 113, and 118 respectlvely S
? \ 'R i

.HaV1ng a legs diverse fauna,.Buzzard's Bay compared poorly
not only to Brandy Cove but Cape Cod Bay—and all areas to the ;
north. Sanders (1160) found a poor -ovérturn in productlon,

e

few subtidal speci

N

S (79), and a low mean blomass at one statlon
1nten31ve1y studled\

in Buzzard's Bay Abundance of organisms- . ..

’

r for the station was only 8, 985/m and'a.maximum of 15, 622/m2

.only 'slightly exceed d the mean in Cape Cod Bay whlch was .
g "
15,410/m . A lower ‘verall mean of 4, 430/m and a maximum

. . . . ’
number . of 12, 576/m kwere found in a related survey for thej

A
3

entire Bay (Sanders, h958)

8

.
As few intertida) surveys have been rep&r;ed a direct

~comparisoﬁ‘t0 Brandy Cove" § 1ntert1dal Yone 18 dlrricultv44~-



One survey :Ln Barr;stable Harbor, Mass. (Sanders, 1962) re-~ ":‘ ',\
vealed 82 species living on a sand flat. ‘Material arr__:allyze‘:l
in Brandy Cove consisted prlmarlly» of macrofau‘na, except

for the two melofaunal classes of Nematoda and 011goch:eta

(Mare, 1942) All other Q1\;‘.\elofauna and mlcrofauna weFe ex— - ]

a

cluded‘.)_ If these lower trophic levels (Moore, 1931- Gray _ ,“‘"
:'and ﬁieger, 1971, Harris 1972 a,b,c) were excluded{ the ,‘ |
hBar'r’xstable estimate woul‘d be decreased considerably. 'l‘hus;
M‘ills: (1967) found only 42 intertidal macrofaunal ’speoie‘s'
there at Station E inlll_f.')GO. ‘

‘ The cove ap-oears to be relatively poor in s\ubti‘da'l.arid
1ntertrdal flora desplte its relatlve richness of fauna
(Collnvauec, 1966) Spec:Les of the flora found in the 1nter—
tidal- and shallow subtldaln are shown in Appendix 6,, grouped
accordigg to their characteri'stic ver.tical distribution at.-
~this looa'tion.' As far as. po‘ss‘ib'le, \spec—ie's found lat' each
lTevel of the two zolnes, are’ l‘isted only once. 'Some from the
J.ntertldal zone may grow subtldally for short dlstances, thus
J.ncreasn.ng that llSt by 5 or:6. The algae "of. the Acadian
Peninsula have' been _stud;ed in ‘detai} by MacFérlane (19'22).
Mann‘ (1972).can ’hle consulted' for comparison ‘of~ the Aabun-dance,
‘varlety, and blomass betw/een the two shore zones found typlc@lly
at Brandy Cove. Whlle 9011nvaux (1966) holds - the flora to be -
poorly, developed, the q:rove was found to have more species than '
Long Pond, Bldeford, or Sheepﬁscot. The 20 floral spegies from
Bideford mclude only three algae.l The remainder v'ver,e_iestt‘xalr_v
ihe ang:‘rosperrns, | ,' ' Ly |

N
1
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" Bay and many are to be, .Seen in the cove.

. , : _.'. . ‘ : y . 59( ) I . . :r ) . . ' i
v L . [ ' ' -
oL . ‘ o I’ N . o . o
o The variety of-fauna found at the che is due ‘to the"

. , , o o
. .

) B -

1nteract10n of moderate cllmate, tldal rangep and estuarlne

k4

(Bousfield, 1960) Large ampiltude tldes create

t
fanf

‘locatlon

lonq hours of solar warmlng”oP the exposeﬂ beaches, whlch

. also warm the sea water columh by releasrng heat at high

o
v

Wuater.i Ice—freejbay water decreases the danger Qf frost

' 0}

. 'and ice abrasion, while.heatingxof'the-soft_sediments in

. ‘sSummer preventsltheir freezing up in winter (Rowe, 1970).

“‘Estuarine’ species are present, and the beach expanses are
[ R ~ ‘ R » .
? . . A s C : .
" - ‘ M . .. . '
such.that"many'spec1es which elsewhere are subtidal, also

¢
)

- colonized the 1ntert1dal zone.“ Thus, Dlastzlls spec1es, -

5

’Casco blgelow1, Maera danae "Anonyx. nugax, Pontgporela‘ ";

[3 dl

femorata Corophlum cra551corne,iand Clymenella torquata

(Bousfleld 1960, 1973; Mangum, 1964) are found Rn the

0 "

ilOWest and h;ghest parts of the tldal zone in Passamaquoddy

. .

. - - ~
Some, such as

‘¢

"-@y51s stenolepis, are dlstrlbuted abundantly on&y in this

2

glon,oyet are rather scarce along the remalnlng shorellne

ou%51de Passamaquoddy Bay. Others, such as Bathyggrela -

a

qpoddyen51s, have developed pecullarly in the Fundy-area
" and are not found_outside‘of:it.-'. S ‘ .
. Colinvaux (1966) prdvides a‘dé;;ription of these *

.ﬁjphenomeha for algae'which apply €égually well to.the fauna.

- A .
' . , s
v

g

-
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LB ' uln helght due to drag a

d Tldal Characterlstrcs of the Study Sltes =
wo - "a' R

Fr%m NOVember through February seasonal.max1ma oﬁfthe

: &
OBy .. tldal osc1llat10ns created l 6 m¢ tldes in Long Pond compared

- P a iy , o
3

to the average summer level of 0 . 78- 1 1 ‘m; whlle at Brandy } w
S Cove the large tldes ranged to’ 8.7- 9 1m. . '.'Q

K

‘fi S e e Sverdrup et al (1942) dlscussed the,05crllat10ns pec—

e had

'r.-rj ullar to the Bay of Fundy, where the largest known tldes

' occur.. Brandy Cove is subjected to these.: A major factor

"ln therr creatlon is that,‘as in many bays, an increase.is

14 0 ‘.

y'i ;' caused by na row1ng of the shorellne or funnelllng and shoal-
1ng of the bottom, amountlng to a fou&fold increase in range.
o Such 1ncrease has been found where the co- oscmllatlng tlde

e domlnates as in. the Adrlatld Sea (DeFants 1925) Whlle re-

» . a, . a e Lt

sonance brlngs about 1a:j§r amplltude, there is séme less

. b"

-
L

oceahrc waves mOve 1nland An »in-

o >

. comlng wave loses helght toward Minads Ba51n and when reflected

-':-...:“ from the extreme head of the Bay, is smaller as an outgolng

-

- wave. The character of the outg01ng wave, thus, changes from

that of the 1ngoxng wave, but the total effect is not great o
LY

PR As part of the Bay of Fundyﬁ>Passamaquoddy Bay has two features-

>

. )

1ng equal t1me of occurrence for each t(éal phaSe in the dlrec-
L. "" . N'e A ’
- tion: of progress (b) tidal currents are strongest at half

: . ’ 2
0 » ' o

AR t1de ) 1da1 current at the mouth of tHe Bay of Fundy was

Ca et (a) cotldal llnes can be drawn across the" Bay horlzontally how-h.

-~
\

o - : = kS o~
e S estlmated to be only 82 gm/sec (Marmer 11926) wh11e that v, M7 ~

in L etlte Passages rahged to 308 cm/sec. SI Swer | current 1ﬁ

[y

o I ..
° M ‘ [ »

R

" T the flrst case was (ot e to the large cross sectlonal area of

. .
N T o P . ’ .




gof the Bay mouth proportlonal to its own surfac area. Thef'

"ltS surface. Its/four deep and narrow entra

,\
out to‘the nearby ocean._ Thls larger tlda

14

- - A L]

larger trdal range 1n the second case was due t a smaller cross o

'__sectlonal area at the mouth of Passamaquoddy B Y. 1n proportlon to )

es create fast
(

rlp tldes from the large volume whloh must b -funnelled in’ and

(
range also exposeS'

" *

'iw1de lntertldal areas compared to those e: osed 1n Newfoundland

Afor the same stage of tlde.,

oA
-‘belng larger on the south coast and generally smaller on the

‘fO 9 1\2 m at St John 5. .

M

Kt Newfoundland tldes show smaller 1nequa11ty and range than.

,

those 1n New Brunsw1ck. Thelr amplltude varles around the 1slandﬂ

I . B

LN

'east coast -~T1des of 2 1 m are. known in Placentla Bay but only

PR
i . . :

i
NI A . . ] : ’

4l ; ) . . . 2 .

i A . T

Surface tldal currents 6qer the sampllng area ln Conceptlon
. ‘p‘a- .

“_Bay were stronger durlng ebb lde from the surface te a depth

. -

‘of 3 ms. Currents were weaker below 4 m on the ebb tlde and durlng

’ . . et

flood t1de. On neap tldes, currents were estlmated to run bet—

>

aween Sl 4 and lOZ 105 cm/sec, but when very weak approx1mated

the speeds reoorted for Placentla Bay (Trltes, 1969) .

°

. 3 - . - . 4
- [y . . . . . . . . .
: SN . . A r**-—.é « .o AR . .. . X
N L e - o L - . v :
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a . Tidal Mov ents of Wlnter Flounder 1n Long ‘Pond’ 'hf{”

K Statlstl al Analy51s ’ W ' N
E ~“.?. F equency hlstograms of the dally counts are shoWn in
Pigs. For these, mean numbers of flsh per-61 m of

‘ ~tra'ns,ct are graphed agalnst tlme‘of tlde;g Chanqes‘w1th1n a

[\

as well as’ between them are glven w1th a. correspondlnq
gra h of the same tldal phase Tldal curves were not taken
‘on the same day but are representatlve of the same phase of
t'de.ﬁ Data pertalnlng to these curves are shown in Appendlx‘
Wthh glves dlfferences in the tlme of occurrence, range,
'and span of time over whlch the tlde«occurred for.the,shal}ows
of ‘the pond. information‘relating'to'Long Pond tides and |
‘d1v1nq counts appear 1n Table 6.} A | " _ ‘ . '\;‘

- The Chrhsquared,Test (Alder and Roessler, 1966- Dav1es, \\\;,;

3

’1970)‘and tﬁe Komorogov—SmlrnoV Test (Slegel 1956) were used

to measure dlfferences between the observed hourly dlstrlbu—

<"

tlons and expected random dlstrlbutlons of each set of obser~3 R

[ D

vatlons. Fpr each of the .two tldal phases, the_hypothes;s of

no difference between the dlstrlbutlon of flSh W1t changing

hour of tlde was tested and showed elther the presence
- _"7}%g4 absence of movement related to tlde . ' ?
Although for any\SLgnlflcant Chi- square dependence of ;

'the varlates is shown, an exact casual relatloqlmq’not be

* establlshed. Jghl square values from the t1da1 counts are

compared wlth«tabular values at the 1 ‘and 5%‘1eVe}s Qf'slg— ’

N .nificance in :Table 6. . . L T
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. 4a\
.‘Table 6. Hours of d1v1ng observatlons{£ﬁidal charact-
‘:tcristlcs,‘and comparison of calculatetland tabular

2 for observed distrlbutions Qf winter fJounder.

~

63

¥

. . " ) ) i - ] . ,. .
. Date Tide Time Hour  Calcu- df tabular A -
‘ . ‘ . of ~of lated M .
) H.WE  Census %+ - .- 0.05 @017 .,
7 1971 . - B T ¢
T ; o ) v . : .
May 20 FXood . 1733 2,546 79.51 22 33.92 40.29 )
May 24 Flood 2053 . 1,3, ~ 93.51 11 19.68 24.72 °
May 28 Ebb. 1128 3,5,1,°.87.90 22 33.92  40.29
\ . . . . . i i .
1972 e
‘ s . . . .‘ ' . . 'q’i . : .‘
Mdy 3 Ebb 1128 1,3,5-69.50 22 33.92  40.29.
- May 9 Flood. 1753 1,345 104.84& 22 33,92  '40.29
May 10 Flood 1843 1,3,5 .84.94 22 -33.92  '40.29-
May 15 Ebb. 1018. 1,3,5 43.06 22 33.92° 40.29 /.
May 15 ¥Flood 2238 1,3,5:.74.78 .22 33.92 4o, 29~
May .16 Ebb  '1103 2,4,6 69.54 22 33.92  40.29
May 17 Ebb,. 1148 2,4,6 140427 11 '19.68 '24.72
May 23 Flvg§- ‘1748 1,3,5 83.16 .22 33.92° 40.29
ManyS‘Flodd 1913 - 1;3,5 ,49.67 22 33?92 40.29
) : -Vertlcal Moveﬁgﬁts‘ .
1972 .
May 30 Ebb 1003 1,3,5 27,17 12 21.03 26.22
o May 30 Flood 2213 .1,3,5 -16.61 .12 21.03 26.22 '
o . May 3} Ebh, 1038 1,3,5 32.94 12 %1.03 26.22 - -
('/ ' Horlzontal Movements
: RO “H.W, ~ﬁigh Water, ‘(VST) bbscrvation;'ﬁadc before H..-
_~7~w§~;“k W. on Ilood ‘tide and follow1ng it on -ebb. tide.



had' low frequenc1es; These features of the data for the three . .
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All but two series of distributions showed significant oy

L4

,,changes w1th tlme of tide along the transect-at the traditional

,5% levels for the Ch1 sgﬁere Test Changes were not 51gn1£1cant v

on,May 17 and 30, 1972. May 17 should haVe compared 51m11arly
to that on‘May 16 hut_did not,‘for althouqh a decline in num—' e

berS‘occurred,~each hourlywdistribution contained frequencies

that were unlform across the bottom of the pond The‘same '

.feature of unlformlty per hourly distribution occurred or¢

3 ’

May 30 durlng the third hour of flood tlde ever when an 1n— L

crease in fish mOV1nq toward shore occurred. Flfty-seVen per

" cent of the horlzontal transect stations during third. hour

flood had l3 flounder, each, and more than 1.4’ of the classes

+

sets of obsgrvations on May 30 made detection on'a'station by

station basrs 1mpos51ble from the xz-test An absence of

change on May 17 reflected the strong effect of habltat on °

behav1our of the flounder Those along one unit moved in the

'opr51te dlrectlon to those .in adjacent units, and, group: move-

.J‘s

‘ment was dlssoc1ated with scatterlng in ‘various dlrectlons

CEY

when'dlvers appeared The erratic movement of 1nd1v1dual fish

was apparently caused by the effect of severe weather on the

A .
shallow water column both on thls and prev1ous days. Condltlons

" were poor enough durlng this week of observatlons to cause an

B e S B _ B
unexpected bllzzard of 11.0 cm 4.4 in) of snow on. May 16. -

e L\w w

'“ngh w1nds and choppy water apparently frlghteneﬁ these flsh

A A

‘and as the tide declined numbers 1n the mlddle un1ts of, the

Ty

\ transect 1ncreased rather than decreased The last,dally cen—

" sus was aborted for counts could not be taken accurately along

|

- i)
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Jcodld not be seen: .‘“"¢<"

65

‘$Cme;uﬁit§'due to, surfaCe chop,‘éupérsaturation‘and siltihg'i

S TR
of the ‘water. -These reduced v151b111ty such that the flsh

Due, to'the lower power. efficiency and .weaknesses of -

-t'hefx2 Test. (Slegel, 1956) the Kcmqrogc~5mirncygTwo sample

Test was applled. This‘was (1) é ﬁonparametric'equivalent‘

n’

‘to thc x2 statlstlc aﬁd (2) appllcable ‘to the statlstlcal

°

‘smodel " Its advantage lay in the sen51t1v1ty to é&ass fre—b

b 4

-quen01es when more than 20%_have (f) less than 5 and pooling

s

' is undesirable. Df may be Bigher-and tﬁe;ﬁ%éture ofworderedf-

magnitude within distributions could be used in contrast to -

- the Chi—Square Test. -This test has a higﬁet pcwer%efficieucy.

!
v \

than the T'—Test,‘x2 Test, or Median Test.r The maximum value
i .
o :

of the dlfference was calculated for sets of dally Qbserva—

{
‘tlons and’ was 51gn1flcant at 5% for all except the May 17

.results.

.

The-May’30»result confirmed an ekpectation that'fish had-
t

fiactually moved 1nto the lntertldal Zone as was the case for

t~ﬁaiiy Change in Location with Time v

'ef.fish,(Flgure 8) were found on the flood tlde from the

'thelr reverse . movement from’ it on the saime d?y.

~ s

o . o

L]

‘-

’Tofclarify.ceftain features found throughout the sampl-.

- ing (Fighres 8—12) those pertﬁihing to May'zo vonly, shall

be dlscussed ln somne detall “to.aid 1n analyzing matcrlal pre—

sented. Slmllarltles and contrasts are -made for tﬁe remalnlng

'cbunts,.wherexposs;ble, throughout.these results. 'Here, May

i

\
.

g

20 is'treated-ds an eyample; On May 20, . increases in numbers

°
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start of second hour to the’ end of the fourth hour, “as - -

shown by the 'Sth hour counts:. - Numbers wereolow 1n the

. . -

: palred unlts 1- 2, 3 4 76; and'7—89dur1nq the flrst lP—l% 2

hours of tlde. ThlS occurred espec1ally~1n the flrst 129. -

(400 ft ) of” transect, where means were 0. 5 and 2.0 ﬁash ”m e :

- . - £

v for unlts k-2 and 3 4 respéctlvely Larqer mean nupbers _\“

were found for the mlddle of the transect where unlts 5-6 a

"

and 7-8 held 5.5 and 24 5, flSh each. Units ‘9- 10 contalned

'ff'more 1nd1y1dualsaatAthéy¥:r end of the .pond, ,ordanvaveraée";.i:,::‘
z// - i.-ot 25;0 tlshi lhe”center of aggreqatlon" nd-low water ' ﬂni e
. occurred ln units 8 19 and 10. Nature of the movement was k '.'T%
o e . 'found to vary and be dependent on the‘center of agggegatlon i e
N s :

e

for the day concerned., As, fn many open fleld studles, much

s B dally varlatlon was found due to weather, plant cémouflage'

) ' - P and locatlon, and- size of increases and decreases;ln the - L

. 1 » IO “ -t ."“.
. L tide. S S T : e T
R ¥ ? ~ N ) At . ' . i Co ; L Lo f .
4 ‘ ) .
.
l

|The center of aggregatlon at low tlde 1nfluenced (l) eom

-« & AU
-~ \,_. . .o v
N

the length of tlme of overall movement,ﬂ(é) thefdlstanCe-- I

'moved and (3) startlnq tlme«of movement., The center of ¢ .
. } - SRR
* .¢oncentration was found in bne of four places relatlve to ",
‘, -

:transect Tl. Two 1nvol¥ed ‘the substrata 1n the sampllng

'_aread whlle two others did not. These were (l) the far
_shallow area of the 1nlet to the crest of an underwater y

slope, (?) the deep end, lnpludlng the slope face and‘dredv;

o ged basin, statlons ll and 12, (3) beyond the end/of the ;d_» "~;,, .
- | ytransect 1n the channel, or (4) beyond the:lateral limits ) .”
. : ?‘4-oﬁ tﬂb sampllng area.-'Flsh could be conéghtrated in an& ) ) M
of’ these areas, at the“beglnnln?/oq the flood tlde. ”Onf':_-e. ) -
e » . /- : ey

- ' R o . e, t a®

. . . .. 4
- . . L. . N . . ,
R e d . .
. . - X . - .
-~ . .® . 4 . ,,‘ L : . W

] .
L . , . N - o R -~
. . . s . - ) R . . ;-
, . LI //’ A = , ) - ", . . N ) . .
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- Maf,2g{’24,,and 28 flsh ‘were aggregate;\heavily in units 8/

. A - . i
1 ‘e -2 . v
. A :

a A = o -
N

.
.9 and lO. hRelatlvely hlgh humbers were also found 1n unit

ll down . the slope face to the bottom of ‘the ba31n. For,theﬂ

l
' ma]orlty of. the other flood tldes, the center of supply for . )

L H b .

\

tldal mevement was ln unlts 10 and I1. Flounder.could havr:also *

come‘from beyond ‘the sides of the transect or beyond statlon,

s
I

a‘\JZ.' This' was found to be the case, on May 9, 155 and 25, B .

v

when the larger mld tide lncrease in fish could: not be

~

accounted for by decreases frem.the far, deep end of the.

1nlet and flsh came frpm out51de the immediate sampllng area.~

Larqe decreases in numbers of fish 1n unltsé8 through ot
12 accounted for much of the 1ncrease in the 5hallow end of

c

the, pond on May 20. The flfth hour'count 1nd1cated a Shlft

1n numbcrs durrpg hours 3 and 4-as thec second hour .census re- .. -
qulred neally a’ full hour and ;o change.was .seen durlnq that
'dlve. ‘A small scale ﬂpvement apparently took pladce during” - . |
| Fthe‘flrSt hour of_thls.tlde, also, as unltsi7 andl 8 contalned ‘ K
‘relatively large numbers byithe\beeinnlng of hour'i uith‘él

and 28 fish each

" ’ v " N .
A decrease ogcurred ln hours 5 and 6 alonq Tost of the

nJ";transect (unlts 2-7, and 9). Frequencres in the other areas

5 © v .

?

remalned thzﬁsame or lnbreased nomlnally Thus, flsh numbers

1ncreased 1nﬁ%he shallow, near the end Of the lagoon, as the

I3 [ T
" .

tlde .rose and’ decreased in, thé far deep end. Movemenf'df'
the central aqgregatlon of flsh(éas 1n1t1ated by at least the/
end of second hour flood amd contlnued untll most flSh had

P

mpﬂed lnshore by the ehd of the,fourth heur The last dlve,



?creased sllghtly.

‘of 1hd1v1dual f1;h between the two %£§Zes were_noted. .o

ufrom areas listed above had

. M N . a ’
on May 20 indi‘cated an 1ncrease occurred rn unit 1 and agaln‘j

s . a t c

ln 8 and 10 durln 5 hour flood The remalnlnq units de—

It is felt that this decrease occurred
Ir-

as flSh meved out of thc sampllng area and swam to elther

»~

o
. thc right of the;transect and 1nto the . center of the pond,

.

or le t of it, q01nq lnshore to thc shallow subtldal and

( .
'1dal.- Hourly varlatlons also occurred as 1nd1v1duals EY

SN ,o

" ed back and forth alonq the transcct, chanq%nq p051t10ns.
»

. Whlle dlvers-Lwam from shore ‘to statron‘O (anchor blodk) of

UK} il . 3,

transect T1, flsh were seen on this- sdrlp of bottom durlng

.thc hours surroundlnq hlgh water- App ox1m5tcly one half of

thlq arca was uncqyééed at low- water,,and covered on hiqh a

water. The dlsappearance,of fish’ from the lntertldal and

Q

\

shallow subtldal at low: watelgand reappearance at hlqh water.

1nd1cated a movement which' was horlzpntaltln.dlrectlon across
R : ‘ f . o '

part“bE the'pond. Movement across the‘width of the pond was

v

known ‘to occur from the- sampllnq aVea ‘toward shore\as p051tlons

. ’
"n ' . R

To more closely determine the proqress of changes over

« B

,

1‘,

.la tldal cycle, .counting was made durlnq hours 2, 4, and 6°.

¢ « . .« v

Afterﬁone hour of.t;dai\éégw, a dieﬁrlbut}dhge%mrlar to that 5

BN

v ' . Ut . . e
of hour 2 was found. Q\ - : :

i ", : Y .- a -, T
Increases occurred from units .I-8 with decreiggs in 9

and 10. Increases in the shallow units were larger than could

3 L

" be accounted\fBBeby decreaseg\;;%the.deep end and siowed- fish.

? . “
area. . . . . : . . . oo - i <
“ . Y 4 . ‘

)

ned those in the sampllng U,l///j'



flood on May 20 and 24, 1971 (Flgures 8, 9) indicated

74

e The example of May 20 is compared to the remalnlng

isets of fish counts in the follow1ng paragraphs.

Comparlson of flounder frequenc1es for second hour

‘--
-

equ1valent numbers of flsh and 51m11ar dlstrlbutlon patterns.

"n
Numberi_of fish were also srmllarafor the same Qortlons of

- S S : , 't'~f
transect during equal tidal hours on ‘these days. - By coinci-

.dence,-the total number of fish after 1 hr flood was l64 for

‘both: . For May 24 the dlstrlbutlon was srmllar to that of

Y

May 20th and the center of aggregatlon after low water occurred

in units 8, 9, and 10, as well as in the\bas1n. "A shift 1n“‘
numbers with-time occurred., Numbers changed rather.rapidly

==

. from the end of second hour flood to the-end of third hour

flood as seen by counts at the start of fourth hour,» Decreases

r
]

were more evident in.the dredged basin than before. Total

numbers counted during, the second leE ere also hmgher than -
L) ’4: ~
those countgd durlng the flrst dive. The second leE’tQOk '

L - -~

'place at KALf flood. “f S - . X -

" Increases on May-24 i units»l—2 were similar-to those
. \
of May 20th where the former had a mean of 1. 5 flSh and the

'latter 0.5. These rose toomeans of 16.5° and 16 0 respect;vely,

. 0
after mnid-flood.. --The pattern of dlstrlbutlon along the bottom

b

was 51mllar and compared w1th other flood trde patterns (Flg.

. 1

‘9, 10). Unigs 1, 2; 3, and 4 contalned low numbers around

*

- low water. VThese frequenc1es wene usually less than 5 flSh/

A

"30.5 m (lOO ft) and 1ncluded foufr. unlts, but the’exact.bound—

-~ n l

‘ary changed by %.1 unit. Numbe ] anreased relatlvely qulckly
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in the mlddle of the transect ]ust beyond th @%hallow.water,

Cunits.1-4. The middle portlon here included units 5, 6, 7, .
.and 8 and was\the same for’Both days Thrs was . also the
:case for May' 9, 1972. 'The mlddle sectlon ‘was characterlzed

by numbers larger than those 1n shallows but lower than
o “"‘“‘?\\
‘ those located in the last third of transect‘whlch lay in the

most dlstant part of the shallows and deeper basin.

Length of the mlddle portlon of transect varle% by orie unit . g
fﬁs descrlbed for the f1;§; portion contalnlng low frequencies.

1Ehe number .of unigs-in the middle portion usually remained
: - v o ' L .. .
[ gonstant at 4:1. Within narrow limits, mean numbers of fish -

-
Bl .

I . D 4
'ip this middle portion of transect were of similar magnitude

, . for the same stage ,of tide regardless of day. ﬁrgquencies

- ranged between‘lé'and 22, for most dayswat the beginninq of
‘the flood tide. For example, the mean-of'nnit-S—G.bn'the
: o _¢second hour flood was 15.5 on May 20; 10.5 on May 24; 11.0

on May lO* and 11. 5 on May 23.. Means for units 7-8 similarly: .

Jwere 20.%5 for May,24- 15.0 on May 28 17.0 on May 10;.10.5 °

.

. for May'15- ‘and 13.5 for May 23, 1972;
L R f“ A sllght but con51stent 1ncrease was. eV1dent forunits

9, 10, and 11. "'Occaslonally unit 12 was 1ncluded 1n the last

‘.. , { . - p- =.

thlrd of transect if flSh concentnated 1n the ba51n However,

N N Jit contalned low frequen01es of flounder duﬁing most . observa—

! ". 0 ""'

tlons becuase of the abSence of sU1table plant cover and food

[N
3 .. . . ) h

' suppllesg Means of unlts 9, ldz and ll were 1arger than 1n '1w
P R ) PR .
BN . units 5,'6, and/or 7 Un1t 8 appeared to vary .and on some
" ’ N ’ . - T Q@ N . ' h
. ' _ ‘ " e : o » ) l.‘v ’ . ! ‘ . .'.‘J
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days could be ngE;EE\w1th 5 7, while on.others with 9-11,

"dEpendlng upon dally varlatlon. e
- At the t}me of slack water @ 2'honrs the center of -
aggregatlon was 1nd1cated by méan frequen01es of 20 30 each’

v

‘in units- 9- 10 g@_[or 11- 12 Table 7 compares numbers of

. flounder from the thlrd portlon of transect TL with those

llsted ab0ve for the mlddle or second portlon The obsg%-
: vatlon establlshed for order of magnltude in numbers in the

mlddle portlon of Tl, held for those in the third portlon

dHowevery frequencies. were larger 1n the thlrd portlon
i~ L

‘\

Date. ., 'Tide . oHour . . ‘Mean Freéuencyv
' o ' Station- Statlon'
(9-10) (11-12)

PO - . L : r
20/5 " Flood” 27 © 25,0 ' 14.5%
- 24/5 " Flood - . . % 2. 27.0  *0.0
" 28/5 . Flood 1 30.0  19.5
10/5 Flood 1 27.5 _12.5 %
16/5. " Ebb. 4. . 10.5 20.5
Table 7. Mean numbers of winter -flounder found on third

portion’of Tl at slack water. (+ 2 hr) .in Long
Pond. . Paired units with means = '19.5 indicate
centers\of'aggfegation. ’ : .8

S

Dates llsted in Table 7 show that fish concentrated in groups.

at the most dlstant end of “the shallows and/or dredged basin.

A
[ .

These aggreqatlons pr001ded the maln supply of 1nd1v1duals

whlch moved w1th the t;dL on the day 1nd1cated

*
hY |8

e
ey A
'.'ﬁ\t

=M

——4"_‘
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Summary of Trends in Flounder Dlstrlbutlons i

. el . 3 M

A summary of the change in numbers of winter flounder

over each hour of the t1de cycle in the pond is shown-in

,-

Fig; 13 and 14 e For each un1t a .mean from all frequen-

c1es of flSh 1n that unit. for each hour of the tldal phase
Cq was graphed. Such~curves smooth -out minor varlatlons and 'h

, ‘differences'found‘within the-daily curves shown in.Figures f ‘
) ' i .o ,_. . . i "w : . ) ) ‘ q o
8.—12- . a v, " \ i . ﬁ .

” Comparison of the flood'andrebb distributions by hourj; Sl

shows ‘certain s@milarities'between"the 5th hr ebb and lst - {
. hr flood ‘1st hr ebb with 5th hr flood, etc. An- average .
. '. - {— ’ N , , ‘. . N ) -

t of 9. U’f;sh octurred in unit 1, for eéxample, during the lst

"'ﬁ-—l‘ ' . ’ ‘ ‘
‘hr flood followipg low water; while 9.9 fish occurred-there

- N during 5th hr- ebb. Fifteen fish appeared in unit 1.-at 5 E
hr' flood and the mean of equal magnltude occurred for 1 hr

ebb. Averages 1ncreased over the first four hours flood -

: tlde with maximum’ incpease during, hours 2 and 4. A sllght

, decllne occurred there after as flsh left the samplinq’arﬁa
N ‘ 6. : g

and spread out or moved farther toward the head of Long Pond./

1-/‘ . ‘ »
s, . Insufflcicnt data for hours 2 and 6 of ebb tlde made exﬁdana—
'}; S tlon of trends durlnq theie perlods sllqhtly more dlfflcult
i. . :
f‘“ bkt qradUal decllne was e&;dent Thls decllne occurre ‘ith

U less rapldlty than that ofmthe flood tlde increasés. '
= ‘.-:1 K] ‘ . ) A “
. Flgure 13 suggests tlat fish mOVed 1nshore in 3 group— .

ings. ‘Peak numbers of flodnder found_”_1‘3,1.111.1.1;—-9Pre_>~£rt—43‘f'H"E‘___’__-_—ﬁ_“~

flood deq{eased durlng that\hour untll the start of 6th hr

‘. " - ) . 1 \

. }Eﬁ o flod/ It th%p 1ncr§ased agaln at 1 hr. ebb (low water)

v ' whlle the three groups spread out in unlts l 2 5, End 8- 10.;-

. 2
N M . : - i
P : & ; 0 PO bl \§ '
. ;
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. /,' .
At -the beginning-of 3 hr ebb the concentratlonf at units 8-10

[ I

broke into smaller sub- concentratlons in-units 4 7,.and 9. The,
1'hlgh water aggregatlon had thus Spllt and shlfted The one hr’, "’

"ebb . concentratlon at® unlt 1 dlmlnlshed :as 1nd1v1duals moved 1nto:

) v PA N,

‘the shallower sand flats and 1ntert1dal zoned. ‘The three»concen—l‘gv

tratlons from 3 hr ebb began shlftgng toward the far end of Long o
""’I

Pond, durlng the 4th hr of tide. Mean frequen01es at. the start
of 5 hours ebb showed these to be dlsplaced to the rlght on the

,ax1s. They concentrated 1n gplts 7, 9,fand 11, on the average,‘

after being at 4 7, and 9, respectlve Y-
\.

- v
? o It WOuld appear, then, that durl g the last half of ebb tlde;

N
a slow but steady change 1n distribu 1on took place.-P. ‘americanus "
=2 - - .

oo

o

moved in small groups or - waves tog7rd\ghe ?1St§nt end of Long.
.L .
POnd through Sth hr ebb Atithe

tart of 6-hr ebb the shift

o

-, o
1ncreased in pace unt;l the majo ity of flSh Ernlved at the y

A

B .crest of the slope Th@ sllghtly fastergpace 1s seen. in the : .
. /’/
v 'dlstrlbutlons at the end ‘of 51xth hour (Fig. l4) As/such a. R

. . |
[ > ¢ !
¥ N »

dlStrlbuthD is’ mrrrore& in the dlstrlbutlon recorded at{the on-

4 / - o

. set c? flrst hour/fl66d/F lock at Flgure 13 w111 show the locatlon
P . :
of fish at the end of eob tlde (see hr 1).. ThlS can. then be ‘TT\

compared Wlth the dlstrigquon/after 5 hr ebb (Fig. 14) ‘to observe

the dlfference in 'pace

rlng 51xth hour' ebb. The proCedure is

e. single set of data recorded for -the last hour

suggested sinc
- » . . .'ru

o

de.is-insuff1c1ent‘ to be usedtas an average case._J

~
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o G lnd means . of "all i roc,ucn(‘lo..*
unit of tran.:cc:t 11 per hOm'f-&f"'cbb tide,in Lona Pond:

of x-lntor flound(_r

zmr

*teans are for .all dally Obt vat:ons \Jltlun a uni@.’

Hy = Hour. Pancl ~(A)" with hom:s 1 B .,.-‘ma "x,_‘.,eparated-

"rom Panol (B) with hours 2,4-, and 6. L,
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separated from migrants. 7

. 81

" Intertidal Fee_ding of Winter Flounder in Brand’y Cove -

' .. Prey consumed by each of the three'sample's of winter
flounder' in_‘l\érandy Cove ‘are listed 'in Tables 8-10. Feeding '

was assessed by measuring the wet welght of food consumed,

frequency of occurrence of prey per stor&ch and perx sample.,

'-Percentag com OSlthl’l of prey wéight is given for- each
e F‘ A0

sample to allow‘rcomparlson between samples on a more equal

.bas:\.s because of dlfferlng sample sizes. Samples of flsh
Cowill be referrgd to as deflned earlJ.er.~ pre mlgrants,
- mlgrants, and non—mlgrants. ) Pre—mlgrants were subtldal'

‘fish which responded “to the tlde and moved 1nshore between

0.5 Aand 2.5 hr flood. ‘ They were caught between low water
- il

and the a’dvarp.':ing'tide llne. Mlgrants entered the J.nter—-

’

tidal zone and were gaught whlle feedlng on or- 1n the prq—

0

cess of leaving that zone. In contrast,‘ noriémlgra‘nts were--

o Y \

those flSh which did not respond to tidal flow a.nd remamed

.:m the subtldal zone durlng hlgh tide. Non-migrants were

~ L

PPN

ca.ught when directional movements cease_d and' they were -

-

N

Wmter flounder caught 1n the 1ntert1dal “zone were !

'found to feed heav1ly with- 95% of sample contalnlng food

-Elghty one - per cent of those contar‘i'alng food was, fllled to

three- ~quarters or full capac:Lty (fnly 19% were 50% full or -

._‘,1, N

-le‘ss._ Volume of food in the stomach was estlmated using. -

fullness 1ndlces“. | - O

Intert1da1 mlgrants fed ‘more than did subtldal non-‘

“ o

migrants, although not 51gn1flcantly (Z=0-.16), for,_a £ edlp’g ’
1 Y ' . R . : . ‘ . .

-« . ". . . ‘ ’.g

R
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‘ ‘Table 8 Prov nvmn..cd hy wmtc_r__f;l_o_undcr in_the Intertidal zone
Sppcic Namie . Weight (g)  4rlier thuc.\cy <o . Frquency
: N o - .. . Uny;ht. Occurrence, I‘roqucncy ,
. -A_c_fo i o hondd.areta. . 36 0215 . ;20,00 12 27,9 . =
Felascolen Lefednni 24.0551 "7 13,20 12, 27.9 + . -
Camnue ogpaiicus - 23,6419 . 13.00 ~ 20 - 46.5 419
Foicrosonofn iotestinalis  © 23.2745.  12.e0 » 21 48.8 -
C]..:.q’f’mra ssica 138304 w0 LS 116 . _
! 8.5604 © 4,70 8 ]8.6'. .8,
, 6.:0294 3.30 , 9 ¢ 20,9 626
” 5.9155 '3.30 .. 7 © 16,3 -
danphithoo runricela L 5.7427 3,10 ° 19 hep 5%
Zatosines siliculesus . 5.0040 " 2.70 3. 7.0 -
My arencria : 4.1507 "2.30 A2 27.9 51
Polyd o1 ap (:. P..elepans) - 3.8525 2.10 .0 2 B By "10
Littor liitoren . e 3.2651. 1.80 3 7.0 oo 34
.Ac‘:.‘..'.c_a t._, tudinalds . 2.0122 1.0 © 2 154 117
Wby, I MEEON 1,9689 1.10 8 ;13’_5 Toe 17
‘ o © e 1,0806 Lo p . : ,
,{“L\L‘C.LESL”:’\ e ©o132 ., éf%, ”3:; : 7?(1) 899 ’
" Clyweniliciorguaia »1.0325 ‘57 .5 107, 7 %
':\_x_..ndlnc mhries 9876 .54 -3 ‘ 7.0 Y
Nomerina . . S L6395 .35 -3 V-/ 7.6 . 7 -
G Lveuig oricsan & o] © 5567 -+31. 1L o) 23 L
e 4509 ¢ 26 st L o1t
A : L4285 ".24 11 25,6 50,
“==Phoyidae R : " , 23 8 / 186 3
Lmsotrvpane . A9 ., 030 < 7.0, -8
. .14 1 / Co23 1
ERE 4 /"" 9.3 1 Qle
. . .11 b I 3
o N .11 -7 16.3 . 85"
. Crairon sentensninonga . . f_ .10 ‘a 2.3 - 1
“Polvdoera sp. (eilicta) AR VY5 | .09 2 4.3 6,
o Chividriea qucla 1576 T .09 1 2.3 & 2
azphipoda & ¢ N | J160 -, .06 3 7.0 3
w;r Pouldii ' toe .0811 04 - 5 R 2.3 L1
Eulalic sp. . ¢ " D 75 5 N+ R T3 3
mz.muw___u_u-" \ . . +0700 04 A 2.3 26
Rodynenia. :ml:*.f ::3 : . L0073 .. .04 2 : /7.0 . -
B _wpernid clogng e 0362 ' .02 .- 11 » 256 15
“Scolun ':.._.",c_. . . L0204 , .02 .2 oL, 4.70 4
Nuctla pro 1ina ; « L0254 .01, 1. 2.3 1
Coro,zius \fo‘_,o.:: Lo {- 0221 ° -.01. 1T 2.3 . 7
Pho wocepanlas hodholii - ° o0 -1,0165° 01 L2 4.7 . 2
Eydrohia i ninute - o f .0149 01 3 L 7.0 . 6
Mioruig, spe ey . LT . l.-: L0116 S 01 L 1 “ ’2§3 . .o
N umm’._.l ' v L0008 0Y 3 ! 7.0 .o 4
o Tunciin beros . L0095 . Lo 2 e, N7 L 3
- Yucuy vesiculosus s - L0092 . - 005, o 1 Y23 e -
Polychacta - 0076 004, 1 -2.3 o4
,. XMacaua balthiea’ L0060 003" - 1 2.3 2
' Copepoda L ~. 0059 - .0034 2 4.7
Nepitiea docepcestata ¢ L0055 0e3% 10 « 2.3
_'_er aine’ gaino. % -1 L0032 1002 - 1- 2.3%-
Proaxitlell: r'-ulm wissd ".0025 w00} &y - ©.2.3
¢ Lusbndneris frapilis | w. 0004 - 0002 "1 2.3, -
Nainatels sps ' ~.0002 20001 7 17 2.3y
"“debris 4903, 269 v 11 25.6 .
N ) c' g ..‘ B ] 7 . -j n . v ,
. - & - Lo ’
’ ' | L L f . * M .
L \ . Tt A ¥ Cal
L} ‘I : [} .:v ;J ’8|2. .r (‘.. /. ')' “ I :
. . . . . v, , "
/.» "_ (,f , a . . ) . . : \ ] ' o‘ .
SR SR Jea ST,
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heirus -n*v'!. 5. 31.4412 7 18.80 22

Tintest 11};\113. /23,9002 14.30 11,
Felurcal ".‘-‘LL ai . 14.893D £2.90 2 o
ERIPE : d0.4285 6.20 " 12 . ;

Y 6.99450 .- 4.%3. 6-
. 5.3298 ~ 3. 4
308133 N~ 2,30 . 3 ‘

2,67068 \\i.ﬁﬂ 3

L l1L748) 00 T g

: 1.14312, - .6B 3 ..

*1.1249 -, 67 1. :
1.1668 6 6
.8507 ) I !
7242 A3~ g N22.0
. L7083 42 g - 22,0 v
L6545 .39, 5 12.2 :
. .5203 .31 &" 19.5 19
. L4196 CL25 g 2.4 2.
" ,.4119‘ .19 2 L 4.9 "2
.245) ARSI 2.4 . =2
2618 T M 2y “6.9 / 3
“ CW1537 .0 050 T 4.9 2
.~-.1400 L6 1 ¢ 2.6 ]
.133 e g 4.9 ‘ Lo o
L0928 H6 2.4 1.
- 10559 02 2 - ) <3 .
* 0549 - .04 1 S2.4 3,
L. G643 W06, 2.4 - 1
L Luounpric fronco.s ' ' . 0640 .04 1 2.4 1
-+ TAphroCitoicen .0597 .05 2 4.9 1
wNemazoda , ) 0543 03 .3 R 3 .29 o -
C:-—r. tuluseirratus AP .0527 03,7 2.4 _ T
S L, L0538 03 L 2 R
. nibinica b L0472 037wy v 24 1
Toic S 0423 03 2. 4.9 2
co .. ...0373 .02 1 3 2.6 ‘5
’ rimalittores . L0336 .02 1 7.4 2 :
o 1o 01308 ' .0278 B N T 1.
Mytilugs cdulis . PR " L0233 C ol =5 490 N S 9
- Newoertca | : ,1 . 01 2 f.0 12,2 2,

| Syllin pregiliset j < 0 . T3 3
Phono conbigdit Loliwelli 21 0Ly e 2t 2 &
"Uneidia jgceratus . 0 B! .0212 .01 1 ) " 2.4 62 -
Sertdagiidae L o \‘ . W05 .01 I C 2.4 N -

.+ StavnmerJoceatrotus dLoec 'xmchl‘ Cnsis 0139y 01 .1 . 2.4 1. ¢
Troerand o oiiutes T T \.0087 "8(1)‘« 2 4.9 4 .
Polynoiace | . : ' .0067 1Mo RO A A <1 '
‘qcnlO"1 08 SrASMCT 8 e L .0058 003 L . 2.4 ¢’ 1.

Fuaé Lruncnte r o 0044 (003, N A U g
. Pal¥idra sa. . .o - .0029 002y 2.6 =01 »
ShivorDis wotea 311! . ”,0027; '802 L1 2.4, 3 - "2| i
T Y Pracy 1JJL,LJ/.-';_,.uc 15 ° . - w0011 - Y 01. .1 2.4 Jf!‘ '
n 3 ~ e 3
,,Unﬂld(-r‘.‘ \d xolyg..n.m N 2_07« 1,09 9 22.0 .-
o Debiis , .00 1371 o 11268
: s - -, : 'e I3 a N b '
[ : P T - A ¢
©, . S . /\ B o °., . ¢ . .
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fdetea monroasa . - . .0320 .04 2.
‘Mygilus edniis o .0219 .02 4.
LxQJ_Ql'A(_)' [ :._-1_]_.0 ‘ ’ .0171 '02' - 2. 14
Phoxoccphalds Lolbolli © L0044 00z 2.
Licone Joarimgs - ;' . .0018 005 4
' G(m L2 R uL‘u].x‘...l :".‘:'.: . e 0010 002 .2'
Stro: x""]n W "..:nt-\ Y ‘dyochachiensis L0010 ° .001 .2,
liyérovia gpinduta ”.,__.l g L0010 .00y 2.
Preustiduc T L0001 -0001 Do,
- . e : e
i v T ‘ 4
» 'l. '
u " ‘u ‘)‘ .
y L
i s f y
> (S e
b ¢ 7 o -, .
# "3 E oo )
o "‘: - . .. - - <
M 3'“}'. ' . . n 3
HR PR 3 :

o . el :
w _.«' -
\' : - : : 5 e
'lable 10;)’10) con"umcd b)’h)ntcr flouudcr‘m thc subtlrh] Zone (prr'mt)
Ceed ' AR L i . Z Vet ' Fregqueney c
J‘QCJ_C.__ e S 3-.('1&1?._ () Wm"h(‘ Occurreace Frequ cncy I‘rc-\nmcv
Acraniyhanie arctas 7 . 730,309 3.8 19 38,7 .
- KEya-arguapio® ' T 7.9 ~20.3 27 .55.1 Joo .
ncrc-i.. 'v:‘.\_-‘.. : . 15,3397 17.4 3 6.1 4
BRI LY * B EE : b 22,4 -
To2.9879 0 340 -1 2.0 . L 4Y
. oo 2,373 2.1 0 T2 . N
‘ ,LQ'L..QQ.U:;LA*. plugids . ., L '2.2327.0 7 2.4 .18 36.7 59" -
- ‘L.zlunu“_ r:Lw.Lu.. . ' /,«.’_ - 1.,2000 : 1;2‘, 1 L 2.0, ¢ -
Gumnoris o / L6049 PR 12,2 337,
e .7 5830 .66 3 6.1 .
4363 S0 2 4.1 o1
IR 1 1 k& 48y 6.1 &
R £ A3 2 ! 4
. oL w2050 .30 4 © 8.2 11
. - .3503" .20 I * 2.0 -
vlv_lL‘;Ll_\_]_‘g]_‘ Olueors Jaevisatus ~..8L70 RIS 1. 2.0 1
_ Egtocar iYiguiosus - -, A +2966 .34 A R T 2.0 =
-\'om‘i. .._~.~. 11;1 A y 3 @2 C4a1 2
.26 2 © 4.1 3.
2650 .30, -1 © 2.0 2.
mr~ ')m C & mnu'ctvr 02644 w30 5 10.2 “5',
'.‘”x.s c:ch niguy Lot 2191 .25 .3 6.1 S0
L2009 .23 57 .. 10,2 A
i iNOSUS L1729 w20 0 1 2.0 1
Ceras Loc.c Cod jnantulun o 1431 .16 3 C 6.1 3
Aelor .L()_)_c_ plinodend SRR Iy R D .16 2. - 4,1 -
Rugdrenta polunta © Y o - QY34 11 1 - 2.0 -
fzobichol nibrizatla . . 0928 1] 2 4.1
Grencllia ploscuie ‘ 0924 .10 2 4,1
iulinie lateralis o Ll .0C94 A0 2 4,1
Yorioninie 3 ‘ L0804 100 . 2 o4l
Loronhium yel L0672 .08 2 Cha
. Cionarus L.wmc*;nua - 0063 .08 A 2.0 1
,Po._lyno;-'d._u S L0490 .00 1 2.0 '
~ CAlxa acqualis?) .0479° .06 1 2.0 7 ~
" Clymefella sorquara S L0449 .05 2 4.1 .
" Cricotonus £p. (vnrlablhq") ’ 0416 .05 2 4.1 - .1
EN PR T T LL0403 .05 2 4.1
1 0
2 1
1. 0
2 0
1 1
1 0
1 0
1 0
1 0
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‘was found 1n'the number of prey consumed by migrant and non- -

k\l R ‘ 85 ¢ ‘ . ' . . L ’..d' K
R \\ . ) ' . T e .-_3' .
‘

period of .equal or simdlar duration Fifty-six per &ent

'had completely full stomachs compared to 46% of subtldal R

non—mlgrants As wellé numbers of non- mlgrant flSh fllled

PR

to 50% capac1ty or less were 2. 2 2.5x hlgher than 1n the
'miérent‘sample. Differences between palre of samples were

tested us1ng the T-Test for N>3O or the 2 Test under the'

normal curve Flfty—four benthlc spec1es comprlslnq 2487

p#ey 1tems were 1dent1f1ed from stomachs of intertidal flsh
i

" .This does not lncludc total numbers of Orlgochaeta or’ algae

recorded by frequency of occurfbnce only This was re//;red o

" by the hiqh percentage of fragmentatlon that rendered whoile,

-

body counts.lmpractlcable srnce the worls were too small,

" ar Ry
e

fragile, ‘and densely tangled .No srgnlflcent-dlfference

migrant fish which fed subtidally during high tide (2=0.35).
Mlgrants ate an average of 56 5 prey/flsh and non-migrants,
54.4 prey/flsh However,. both groups ate significantly fhore

prey than did pre—migréﬁt fish, which had an average of 8.4

“e

prey/fish. This value was nearly -seven times lower than either

of the otherhmeans., The‘differeqce:betwéeh pre-migrarts and

‘.

° TN - . S
each of the other groups was significant beyond .the 0.001% °

;-

level (mlqrants vs. pre-migrants; 2Z=13.6, df=91; pre-migrants

"l
-

Vs, non-mlgrants, Z—10.2,‘df=86). it

~

' Mlqrants consumed 188.26 g., of food which,averaged 4.2

g/fish. ThlS compared closely to the non:= mlgrant average of

e

4.3 g. Again, both groups ate srgnlflcantly more food than

pre-migrant fish. Comparison of means of wet yelght,consum-_
r ' o 0 ’

~

ption yielded values‘which were significant at or‘beyohd the

Poes ”
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i

0:001% level (Fisher and Yates, 1943). M‘lqrant fish coms

™~

. pared 51qn1f1cantly to pre—mlgrants w1th Z 3 75 Thls

" could be predlcted due to the dlfference in feedlnq tlmes

and’ catch perlods-of the two samples.' IQ was estlmated
‘that fish caught from "the 1ntert1dal zone durlnq ebb tLde : -
had been allowed sufflc1ent time to eat if thlS was thelr
major act1v1ty whlle 1nshore The quanu;ty, freshness, and

order of prey in thelr stomachs showed that they had been

'feedlng prior to capture. ,Pre—mlgrant stomachs were nearly -

empty when‘these fish entered the intertidal zone. This L

[4

was shown by the smal\er food 1ntake of the pre—mlgrant

4 . .
sample 'upon enterlng the 1ntert1dal zone; in quantlty (88 g.)., ..

number of prey (412) and spe01es (47) compared to the non—'

- “migrant .and migrant samples.

KN

-Thusf following‘separation,-non-miqrant and migrant -

feeders showed\}ittle.or no~difference_in food’consumption »5'L‘_.

qby eating similar amounts and number of prey. This was not

- . - -

.surprisinq since individualé'were taken from the‘same popu—

a
latlon and were closely matched in . age- length composxtlon

i

(quure 15). Thelr compositlon wa5'51m11ar td-that reported- N

earller (Tyler, 1971) for’ the same stock and for Passamaquoddy

-

‘w

-Bay,(Kohler et al., 1970)
. - S ’
Nlne spec1es made up 80% or more of - the total welght in

.,. s . P E “a/

’:each of the mlgrant and nonhmlgrant sampleST “In contrast,':

i

'onlyvfour spe01es eaten by pre-mrgrants made up thls leyel -
: 3 it

' as compared An Flgure 16. Thls shows pos1t10ns of the ten

e,

. .
most 1mportant prey for the three samples based on. per’ centn~

'-,.._ ,' MR T
-« WA,

wet weight comp051t10n.
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Per cent wet welght consumptlon of the ten most
' 1mportant prey spemes by winter flounder. in
Brandy Cove, ‘N.B. -'Diet 1tems of-the three
samples are as follows. : SN

5 Lol ‘,’ L

Pl

. Intertidal- Migrants S

.1. Acrosiphonia arcta

OV U W N
.

t

2. Peloscolex benedeni A

3. Gammarus beceanicus . - .

4. ‘Enteromorpha’ 1ntest1na11<s T ST
Cladophora sericea’ - S e

6. Nereis virens RN I

7. Gammarus lawren01anus R o

8..Pilayella littoralis = . . = .° =~ . "« .«

9. Amphithoe rubricata o ~ O,
10. Ectocarpus siliculosus LT .

& - S ) L

. S.ulgtidal'Pré—Migr-ants ' B
. T Q . g ' . R ‘

/1I\c'r'osa.phon1a arcta. - . - |

Mya arenaria - C '

Nereis virens .

Enteromorpha 1ntest1nalls S

_Acmaed testudinalis A T

Cladophora sericea’.’. T s

Leptocheirus pinguis

‘Balanus .crenatus .=

0 e

. Nephtys incisa ,

Subtidal Non-—Migrant o

l; Pllayella littoralis -~ SR

.,2.‘ Leptocheirus pinguis

' 3. Enteromorpha intestinalis

. 4. Peloscolex benedendi

4

5.+Mya arenaria R o
6. :Lumbrineris, fragilis - . s
7. Cladophora sericea k o oL
8. Gammarus: lawrém:lanus T P A

9. Nereis virens e
lO. Harmothoe .imbricata . ‘7 .
yg., ) s H
,3‘; ; ) ) ) A AL‘
’ ~ «n
/ - L] . 3
o 2. ’

LI .o - e ~ 7 . . Bl . o
N . . ‘. . . - Lot .
N . - . S - - .

Gammarus Sp. - ) o . e

O



INTE RTIDAL .

LA

.. MIGRANT T

. SUBTIDAL -
' PRE-MIGRANT

SUBTIDAL
NONMIGRANT



T

Y

- L ';“j SR 89 -

L .

h Whrle mlgrant and”non -migrant fish showed srmllar feedlng

behavrour, the-prer,lgrants dlffered from non-migrants in having

‘ concentrated feed;nq effort on three or four spec1es 6nly. Some

deqree of selectlon was. shown by the pre- mlgrants when the amount

of food was con51dered in. terms of such few prey tupes. This

. - -
w

'was not’ uncommon as select1v1ty has been found in plaice, leémon

sole, cod haddock_and other demersal fishes. - Ivlev: (1961),

~

'Shorylgln,(l93l),.anq,Larsen (l936)‘have shownxthat fish are~ ‘

" discriminant feeders.' They prey heav1ly on a few major spec1es

wh11e addlnq minor supplements to the diet from ‘other sources
M1qrant flSh also showed some deqree of preference fd/\&eff’_A
food types. : e .

"The siX'most important:intertidal prey which’comprlsed

70% of the total weight of food were divided nearly equally'

~amonq the algae,‘Annelida, and Amphipoda. Heaviest predation

was*on the small f ilamentous. alga, Acrosiphonia arcta and the

-

iarger Enteromorpha -intestinalis . The. former was eaten by

28% of the mlgrants and the latter by 49% , Acr051phon1a‘wa§;

found 1n the hlqh 1ntert1dal at statlon 1<on benthos ‘transect

"T1 of Brandy‘Cove. Enteromorpha was found at statlons 5, 9, 11,

- and 13 .0of the transect.' - These two algae together with Cladophora

Acomprieed 40% of c0mbined‘stomacﬁvweights (Wells'et al., 1973).

.

Flve of the top ten 1ntert1dal prey were algae.

Gammarus oceanlcus was mare, 1mportant than G. lawrencianus

or mnphlthoe rubrlcata. ' Thls relatlonshlp was to be expected

)

since Amphlthoe rubrlcata OCCurred in lower abundance ‘than

either of the other two specles. It‘showed that-mlgrants

. . \
- Lo R FTE
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;arEnarla) 1n the St AAndrews area and srmllar localltleSn C B

appearing~sixth*on the migrant list (Tables 8 td 10); ‘Seven- -’?%ﬁ

'that on a smaller, more divided scale between Peloscolex

benedeni and Nerels found in the other two groups.

" o90, -

_moved 1nto the hlghest parts of the 1ntert1da1 zone.; g..

o

oceanlcus was dlstrlbuted along the transect at statlons

.l,'3,‘5,1and 7, 1n‘the follow1ng frequencies: 78, 19, 108,

and 34, respectively. Lo . L - T

Damage caused by flounder predatlon on, clam ‘beds’ (Mya

.

4(Meacof and MaoPhalls 1952; Blrkett and Wood, 1959; Edwards = . “;

and Steele, 1968) was.supported‘by these data. Clams and

4

- thelr 51phons were found in 28% of the mlgrant flSh and 55%

and 20%, of the pre—mlgrant and non-m;grant samples: respECtl—
vely. o -

Annelida and Crustacea comprised 31% and 22%,'respeo-

tively, of the intertidal species consumed. Nereis virens| = . JP}

was mostgheavily preyed upon by all three groups'of'fish,'\‘. I E

; .
* B ) .}J Fxs

teen per cent of pre mlgrant fish consumed 15. 34 g. of

Nerels 1n the subtldal zone (Flgure 16). This appeared tolﬂ

be'a heaVY level-of predatlon on one polychaetefand replaced:-

+

Peloscolex was the most 1mportant annelld to~mlgrant_ ?‘S
and subtidal non;migrants Ranklng second in the former,
and fourth 1n the latter groups, it was copsumed more 1nter-
ti ally than in the subtidal zone at highﬁtide (Table 10)

Jornt 1nteractlon of~° predator prey dlstrlbutlon and .

concentratlon affected prey selectlon among some benthos

-
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i Clymenella torquata was consumed 1ntert1da11y at rather low

levels compared to Nerels, Nephtys incisa or Peloscolex desplte

its abundance in certaln dense beds at the south end of the

~ cove (Rowe, MS 1970): Clymenella distribution in the cove

was one of h1 h 1n01dence in clumped-: beds.' Peloscolek occurred

abundantly b(ut{ more un:.formly than Clymenel].a and covered a

4‘:

a larger area. Nerels and Nephtzs were found in beds that were

-'less de{ se than e1ther of . the flrst two and were as ubiquitous
?, . 4

as the (c tgochaete (see Snow, MS 1971) Because of its small

size, the numbers of Clymenella per unit area were. very high .

compapéd to Nerels or Nephtys. Desplte the advaritage that small

body size gave Cl;ﬂnenella 1n produc1ng hlgher abundance per unit -

-

area, consumptlon of Clymenella was far less than- expected when

_compared to its predatlon levels in deeper water of Passamaquoddy '

" Bay (Tyler, 1968) .-

llmportant*«@!rustacean mak-lng up 18. 8% of the prey consumed

-

) -Subt:r.dal ‘Non-— mlgrant Feedlng oL o S -

_Five prey species comprlsed 70% of the food weights

among subtldal'non—mlgrant feeders. Pilayella 11ttoralls _'

rep’laced Acr051phon1a as the most heav11y consumed alga,

and with Entermorpha and Cladophora made up 40% of the total

weight. ﬂeptochelrus replaced G. oceanicus, as the most.

B

but only 0.11% of the 1ntert1dal

Spec1es wh1ch appeared . on both .the non-mlgrant and’

mlgrant prey llStS but ranked hlgher as subtldal prey were

" the following: Edotea montosa Macoma balthlca, ~Ammotrypane

4 N
aulogaster, Nucula tenuls, Harmot;‘noe 1mbr1cata, Mya arenaria, -

AY

»y



o

oy

It occurred in benthos samples of both zones.'

-~

Cisténides ‘gouldii,»' Lumbrineris.’fragilis , and Leptocheirus

- 4 . ' N - ’. ’ % 1 "- -
Einguis' T S . P T

re known

Wlth the exceptlon of Mya arenaria, these

to occur wholly or predomlnantly in the subtlda zone . Mx‘a

s

Lur’nbriheris fragilis éonstituted 4 2%

f. non-migrant.

‘ prey welghts but only 0.0002% of those . 1ntert1dally It

occurred only subtldally ar Tl Statlons 35,.37, 39, and\4l.

Spe01es whlch appeared only on -the subt1dal ,,non-mlqrant

llSt and were’known for that. zone only, were: Cerastoderma, o

Dldemnum Lepldochltln, Yoldla Casco, Nucula, Solemya,

Clrrat.ulus,' Strongylocentrogus, Gemmia, Terebello:.dqsgs, Nlnoe,"'

B .
~and Cucumarla (Table 9). Y ki ﬁ

) ) M /A :
G. 1awren01anus was' more important thdp . G. d{ceanlcus
\r'.

1 4 )' ‘ - L.

to ﬁonfmigrahts. ThlS was the reverse relat:.onsfu.p held by

-

thes'e two Species in the mlqrant sample.v Crlcotopus sp.
chlronomld 51m11ar to the Icelandlc c- Qariabil‘is', -was much .
less 1mportant subtldally than 1ntert1dally In the former

case, it was eaten by only 12% of the subtldal non- mugfants,

-\7,

but in the latter, by 79% of the samp],e (Wells,_ et al., 1973) .

Clstenldes gould11 was more 1mportant in non- mlgrant

‘

predatl'on. and was known mostly for the sub“tldal zqne.'

-‘| - . : -

Subtidal Pre-migrant.Feeding
. . B » . & o P
These fish contained. subtidal prey similar ‘to the’ nonf‘

'migrant flounder. ~ Acrosiphonia was as important to pre-—

3 . r -
o

)
f- f?z
le

gt

27,
e
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mlgrants as’ “to -the mlgrant feeders Mya:- and Nereis virens

-were most 1mpor~tant to these flSh than ‘to elther of the ~
,other samples. Comparable to non-—mlgrants, pre—mlgrants

consumed- prey such as Leptacheirus plnguls, 'Balanu‘s crenatus,"

'and'Nephtys incisa.‘ 'Enterornorpha held a similar rank as in.:

) other sa'rhplesi- plng\ns occurred subtidally at benthos

statlons 23 and 29 41 only.p‘ Elght of the twelve benthos

-
samples Whlch contalned Nephtys incisa were not only sub—

“tidal but had the hlgher frequenc1es of occurrence for the

. two zones..

¢

oom

Wi.nter Flounder 'F,eediﬁggin' Newfouﬁdland ‘ S

Seasonal Trends in Long Pond and Conceptlon Bay

The proportlon of actn.ve feeders from Conceptlon Bay

was hlgher‘ for, fewer months 'of the feedlng cycule than that,

“-all months except September (Tab 10).,

[N

b Changes in the mean ratJ.o of food for both total and feedlng

) from -Long Pond (Fig‘ 17 ). "The percentage of s'tomachs' con—' ‘

talnlng food was’ larger among Bay - flounders, durlnq Aprll,

May and September only - Desplte this dlfference, flounders :

H

: from the Bay .consume more than t e Pond flounders durlng '

] N -

In Aprll, May, August, and October, w1nter flounder ‘
\

from Conceptlon Bay ‘ate 3 5, 5.6, .6 6.7 7, and 8.1 tlmes more

food than d‘ld Long Pond ﬁlounder X Differences betWeén mea'n

' monthly consumptlon of the two grounds appear in Flgu‘re l7A

'“l
B |
!t
\
©

subsamples are compared The small consumptlon level among=

RPN

“.Long Pond flounders was con51dered unlty._ Hence, the ratJ.o -
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“t “o & Sf‘ Stomachs Weight§ood (g}  Weight Food Consumption Censumption®(g), Censumptidn {¢) Consumption Rati
Month . 'C3D LPS CBD LPS. CBD 1PS ‘CED .LPS Ratic * Gad.  LPS €3D 13s* - . CED/LPS
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April 15,34 0 87 79 ,62.38.- 40.99  4.19 1.21 . 3.5  129.60 40.9% . 4.80 - 1.52 . - 3.2
s ' . - i . - ' H -
] - - N B s . . i - T a

May'« -, 29 . 13 86 .69 141.12 - 11.27 4.87 .87 Sa6 ' ‘141.12 70.00 . S5.64. 2.80 . " . 2.0

“June <0 13 Wi 46 45 3.86  2.20 .30 ,..20 1.5 . - 3.86 2.6 .65 - a4 1.5

.
.

Puly - ©. 8 15 75° 87 ° 8.70  6.00 : 1.09 - .40 | 3.7 1417 6.00  1.09 .46 | 2.4

"

'-A.ugu‘sr—:" 14%% 36 64 64 -28.13 10.64 2.01 .30 6.7 - 71.99 10.64° ° 3.13 .46 © 6.8
Snntembe. . r\ll - 22 91 6§- 15.79 . 17.13 .44, .78 - 1.8, - | 23.70 17.25 1.8 . 1.1 - d.47
Octeber 16 2L S56. S5  23.25 3.88 1.45 .18 - 8.1 30.96 3.88 - 2.58 -° ,32° - . < 8.1
et - ) » . S ' . ' . ST .

. .Table 1i. Sa.. ple s.ze, total and Mean wet woig 1t cowsu*muion., ard no..thly ratios of Leedi‘ng
- s rate bs winter flounder in Long Pond and Conception Bay.. Valucs ad’]us..ed for equ ial .
. . . gsize; of °’feeding subsample .only, marked by astcr:.sr.. ) i .
A R T - M . e,
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S AT s
T Co d!bBD/LPb.‘ Adjustmcnt for equal sample size was ncc0551—

.o IS ‘a

nﬁ} do, _tated by w1d dlfferences in the monthly samplc sizes® of Loy
- A J’"f' : . ' ] \ - N
_/’75*&'33g, . fish from the two qrounds.~ Bay samples wcrc o(tcn small

bAY
s

3.%amp11nq on ghls dechr ground was always hampered by poor
,weaﬁhor and W1dely s§a§tered flSh. T Loy o
L :n\‘ As thc feedlnnnseason progressed theTGifferenée-be—' S

°
s

L a.tWCen weL welqht consumptlon on, the two qrounds 1ncreased

R

T ,“untll, at the cond of Auqust, Bay (1sh had doubled the 1n1t1a1

i boToe ﬁﬁmdifferencoefound in.late.winter.' Thls 1ncrcase occurred near
‘lk'l’ . "th tlmc~of‘;eak enurqy comp051t10n known for the flatflsh ';4
i fiAf. i 'obody (Macﬁinmunﬁ;1973) s - . -_-‘-.' -
‘r.-‘( . S : Durlnq any OHCQSCaSOH, ratios followod oach other closely
e © . ~ .

: Only in May (Fiq 17A) wag the dlfferenco in wet WOlqht consum-

v e

oy

pblon qre eater’ due to the lack of prOportlonalalncrease 1n mcan

' 5 R dfOOd 1nLakc xnonq Concoptlon Bay flsh as occurred An Lonq Pond
' e n May, mean 1ntake of the foedlnq subsample 1ncreased three—

LB

r fold over that of the tptal samplc in the pond; However, a

%N51mliar _increcase. was n9t observed in Conccptlon Bay

ta

A=

”.@ 'Pocdlnq on both qrounds was varlable From month to month.

< g ) - £zl v '

Pood 1ntake wa§ hlgh in the sprlnqudecllncd in early summer ;

1ncreascd in m1d to late summer, and fell again in September.
e "rl’ : 4 . ‘ . .

°LeVels were hlqh 1n the)autumn.l Low values on bbth)grounds. ‘o

'n~ . .fx

were partly attrlbuted to a late spawnlng perlod and small .

o B B . e -
[

51zed flsh in June and carly July (1972) Untll thlS t me, Z’ff

N S

~ only two maturo qonads had been found among the-June fish and

b
. .t

TTHone were observed to be mature in flSh sampled 1n-Apr11 or ¢ .

\.*s Q <

'Mﬁy. Whlle maklnq flsh counts in' May, flounder with mature B

.

- ak
'gonads-werefnot'seen.j Spawnlng was delayed by at least one

o~
!
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month due,to_the effects of -lower than normal %emperature on

'

gonad development Normally, flounder mith ripe-gonads do not
feed or do so mlnimally as a result of suppre551on of the stomach
walls by the enlarging gondds. Decreased feeding during W1nter
generally, and during the pre- spawning period, specifically,

causes the w1nter flounder to .eonvert stored energy from the

liver to the body for maintanence, until after spawning (dhnn,

e
4 T‘- ~ {

{
-, MS 1968).v After spawning, feeding. 1ncreased in Long Pond flounder

rapidly.’ The value for July reflected'that riseny . After July it -

- \
o /.

rose quickly in August when_gonads were spent,

“vg

In April and May, Bay floundexr consumed 3.5 and 5.6 times,
respectively, the amount of food consumed in the Pond. In June
and July, both groups showed low levels of food 1ntake, due/%o
‘ delayed spawning, and the small ‘body size of flSh Body - 51ze
would have directly affected, and been proportional to, the quan—

tity of food consumed. Flounder caught in July, for example,’

L 41'1(

ranged in length from 15 30 cm. Missing from this sample were the

larger 30-45 ém, 30-40 cm, and 30~ 35 cm' length classes sampled 1n
the ‘pond’ in April May, and June, respectively (Fig. 23). Simi- ‘
larly,'the July sample from Conception _Bay lacked the larger 40—
45 cm and 55-60 cm flounder found in May ang330 -35 cm fish taken

. . P N
there in April May and June. ) “\\ v .

L.

Feeding Inten51tycand Behav1our on the Two Grounds
More stomachs were filled to capa01ty over.a_longer period
. of the'feeding cycle in Conception Bay (Fig.. 17B). This also
applied to the 50% and 25% leyels; In contrast, fish from the-
.:Pond usually fed to only 75% fullnesslor'not at all for more of
the'monthly samples thanwdidlwinter flounder in Conceotipn Bay.

. w \
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This produced a larger total consumption in'both adjusted and -

unadjusted Bay samples compared to Long Pond samples. Varia-

tlons in feeding behaviour of w1nter flounder from the two

_ grounds are compared-in Fig.. 17B and Appendix 8. The percen-

tage of fish within a.samble corresponding té6 each fullness
index is given (Fig. 17B). Although differences in total food,
‘intake (Table 11) on the two grounds were due -partly to differ-
ences in fish size (Flg.-23)y variation in the‘behav1our of
individnals during feeding mas alsokimportant.'.Differences »

in behaV1our were consistent for more than half of the study.- -

period. 1In April May, July and’ September, the relative pro-

portion of empty stomachs was two to thirty—two times higher

| among Pond fish than among Bay fish (Table 12) This occurred

during 3 of the 4 months when temperatures were within a range '’
Which did not reduce or inhibit normal feeding and swimming
activity (Table 12; McCracken, 1954). Reduced feedipg levels

during a temperature range of normal swimming activity pointed

»

to other factors which controlled feedlng more than temperature.'

’1-

Two of these were con51dered to.be low food supply and possible.

effects of OVercrowding. . ' , ]
‘. BN ‘
Christie (1966) found an 1mpoverished fauna of only ﬁix .

-t 3

speci€s on the mud bottom of the central station of the east%rn
: . b
basin. .He estimated-that this fauna contributed little to the

food supply of,animals'higher in the foodﬂchéin. Biomass es-— .

o

"+ timates for thelwidely-distributedﬂinfaunal.communities,

MacomaFMza and Polycirrus-Mya, were not large  compared to
these in slightly moreétémperate regions. As well, energy

a

k)

L
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. cpifauna waejnot harvestable due to thé ovorsized molluscs. -

P
-
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“in the form of. the less widely distributed but more diverse -

.. Duc to the similarity between -the eastern and western basins,

A

‘it is felt that the western basin offered,conparably'little

e _A . . e . i . , ,
faurta and/or-blomass.as a constant food supply. A similar

conclugion was reached by Kennedy (1964) who showed that :.
) R N
offshore movement was not Coordlnated closely w1th an "auto—

. selected temperature ranqe of 12- 15 ¢C proposed by McCracken

<]

\(i963).3 Instead, movement was shown to be more closely re—'
lated. to the'breedlnq and fcedlng cycle because fish left”

’ the pond after spawning; when féeding intensity began to

rise. o .

The Diet Orqanlsms

Numbers. of spec1es, dlet ltems, wet welght consumptlon,

and percentage Comp051tlon of the SlX most 1mportant dlet

~items followed similar. trends on the two feeding grounds..

v

(Appendlx 9) .-

Minimum and max imum food: 1ntakes 1n Long Pond preceded

A4

~

‘tngse in the*Bay;by one month. Whlle the number of spe01es,'

individuals, and total wet we1ght°consumptlon were minimum

. “in the pond in ‘June, the percentage composition “of the 51x

I “ .
most heavily consumed diet items was highest in that month.

T

‘Wet weight- consumption reached a minimum in June in Conception

Bay, but also declin&d to its second lowest point'in July.

whlle varlety of prey and numbers of 1ndlvlduals were minimum

.

'1n ‘July-in the’ Bay, percentage comp051tlon of the six- mostf

-

heavily consumed items was at itS ‘maximum.

we

?
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Mean monthly consumption was significantly larger in.

'Conception(Bay than in Long Pond (Z=6,88);'as were.the ntim-

ber of species (Z=5.60) and prey items (Z=5.28). Thls
dlfference may be due partly to the larger size of flSh in-
Bay samples (Flg 23; Appendlx 10) ‘since welght of foo}2

L4
consumed is proportlonal to stomach and body size, and'

flounders taken from the Bay were generally lafger..

ry

o

-

1

Monthly variation in numbers of species consumed in

the pond seemed to be related more to smaller 51zes of the .

flSh 1n the summer samples than to changes in’ faunal com-

)

'the‘immature flounder;;left after dffshore migration of the

. )
adults; appeared to affect the'kind, si?e, and amounts of .
food taken in the pond. Sizes and amounts of foqd wéres
minimal. " Monthly différences'in diet variety amohngay
flounder may have been related, in a sfmﬁlar“way,'to changes
in fish (stomach):size. . '
"The numberlof‘prey‘items“was lower among.rlounders

o

from the pond than among those from the Bay for four of the

seven months. It was higher only during August and September.

In July, flounder from the pond ate 51 prey 1tems while those

" position. The,smaller'stomach volume and.mouth sizes of s

from the Bay ate 50 prey 1tems, amounts not be1ng significantly .

>

~-d1fferent. The six most heaV1ly consumed diet 1tems made up

&%

‘63 96% and 86-97% of total food 1ntake for Long Pond and

Conceptlon Bay leunders, respectlvely.

B . , . -

| Early spring and mid-summer feeding’on the'shallows'mas'

characterized'by a wider varlety‘of prey*organisms‘than that
from the bay. In.late spring‘éhd autumn,"reverse conditions

o . .,

occurred.

’

J
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. Limpcth.chitons, sca urchins, alqac, and polychaectes -

\ 7

- were thc.moqt 1mp0LLant yﬁw taken from the deceper water

'toedan qround (blq.lB ). Thcsc species were cither tho

most heavily Consdmod-by wet weight or. appearced most fre-

»‘quently among the first ten species. Acmaca testudinalis

°

and Ischnochiton ruber appeared cvery month amonqg Conception

Bay fish and were the only two molluscan represcntatives

~among "the top ten prey. Microcrustaceans were af little

importance amonq Bay ‘flounder and werce- not .consumed on the

.

shallows, cxcept for onc amphipod species in October.

Echinoddrms-woro less important than algac or polychactes,

o ¢ . S
buL appoared con51stontly ~Thesc were oatcn more frcqpcgtly

u

On,the deceper fLLdlnq qround Lhan on thc qhallows, reflcbting
the difference in substrate hardness and benthos.
Algac and polychaétcs were morg firequently consumed.in’

Conocption Bay. ‘The former made up 30-58¢% of the first ten’

~— R

" prey for five of the scven monthly samples.' The frequent

occurrence -of aldac-was not unusual dud to‘heavy growths of

 red, qrecn, and brown qpcc105 on rotk outcropplnqs 11n1nq a

L]

shlpplng channel to tho pond and .on -patches of, cobble rock
hat

along ‘the.sca floor. Wet weight consumptlon on the decper

-feedlnq‘qpound ranged from 0-79%. Consumbtion of 46.5 g of

Monostroma sp. by three fish in April accounted for 74% of

the' lardger monthly intake of 79% in' the bay. Of 'this, one
fish contained 45 g. Algal intake on the shallows was less
important, ranging from 2.7-46.9% per month. Montﬁly wet

3 - P .. a [

weights fluctuated widely on each.ground but changes generally.

followed a‘similaf'patfern for both.
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Flgure 18.JPcr cent wet w01qht consumptlon of the fivd most important - |
“iprey by winter flounder on:the two -Newfoundland fcedlnq . '~;
groundv' Diet 1temq of. thc two sets of samulc° arex. L
.' R \, . . . ‘. 1. ¢ . . " .
Conception hay " Month L Lopg rond o
] . ‘ . . .\ - . . 3 . ) ’- . l' .
1. Ugnoqtroma sp. . L . ‘ , . l.Debris
2.Ncreis, virens : B ST 2.Nercis virens
3.Acrosiphonia arcta o T - ., 3.Nercris peclagica
4 ‘Acmaca testudinatlis oo B ' : -. 4.Entcrcmorpha cp.
Ischnoch:tln ruber | o CApril « 7 5.Desmares tla v1r1dls
. . \l '
! : -
1 .Ezgggvlorcnggqgu" droobach10n91s o "~ l.Debris ‘
2.kereis pelagica™ . S 2.Nereis- v1rens )
3. Acmaca. fPGtuleEl}S Co S - " 3.Lumbrincris ffdgl]ls
4. ]%chngpb};}n ruber : N . A4.P.americanus (cggs) N
5. Desmare: stia viridis = - - ﬂgx S -5, Amphltrltc sp. ',/ ‘
1. I\oreJ_v~ xinﬁs o O I.Debris /
2. Desmarestia, viridis K R 2. DlCtYOalphOD fogn}culqgggi
”3 Tsclinochitin: ruber CohL et L . " 3.Ectocarpus alllculOSUS
P11ayoljg llttOTd'1 A BN N L - 4.Nereis virens
" 5.Cistenidos gou1011 - June ' . bJsNereis sp. -
; - I ’ e
- R . R /'5 .
= ' L}
S . l - ”
rooAl v R ) )
. @ -
: L _ ;
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" In September, 50% of the ten most heavily consumed prey were

.any stomach item and is represented because of its unusual

26, 68, 14, and 36% by\weight, respectlvely. It.consisted of

104

-

Consumption;of limpets, chitons,.and the alga Schizo—-

thrix sp. was:of .interest. The latter genus is a prlmltlve,

-

--colonlal alga, composed of gelatlnous sheaths of b1flagellated

cells and 51m11ar to Dlnobrzon in appearanceh Its consumptlon

“requlred rasplng ofjrock surfaces by the f;sh for the alga

. t _‘ LY
grows on such substrate surfaces..

L

-Polychaeta were second in importance'as a group for Bay

flsh,\compared to molluscs, crustaceans, echlnoderms, and algae.n

{

-

.polychaetes. ) L s : ' : : . <

g -

In Long Pond,’ crustaceans and echinoderms were consumed

in negligible quantities. - However, the polychaetes and moiluscs

predomlnated. This was expected con51der1ng the fauna of its
mud bottom (Chrlstle, 1966), and the d;fferenc% between it and

the coarse,'hard substrate of the,bay.,;From April to October,

’

the annellds comprised between 40 and 70% of the ten most heav-

ily consumed prey, while molluscs made up to .40% of the same
group per month. Welght consumptlon of the flve most heav1ly
consumed prey from April to June is 1llustrated in Flg 184for;

the two feed;ng grounds. 'Debrls_was most heav1ly consumed of

) abundance. Debris comprised monthly proportions of 24, 26,.23,

‘n
‘.

cigarette filters, barley seeds, pebbles,. sand and dead plant
fibers. ‘Such values were higher than can be accounted for by |

o

()}“

accidental swallowing. Fllllng of the stomach could have been
due to (a) lack of sufflcgent food materlal (b)'natural con—..

sumption of muddy materlals for thelr organlc or proteln con-

tent, or .(c) the need for gastrac_gIlQQiEgNmiterlals durlng



'and”;n least,need~of grlndlng.

‘Feedlng in Relatlon to Temperature L, a‘

fish were actlvely feeding to half or more of thelr fuIl

. Table 12). Consumptlon decllned sharply between 15.5 and

L
S
(4%

. i

~1.05 . ' Lt . .“»

digestion. Absence of notlceable debrls among stOmach con- o

1 ".J' s

tents from Cdnceptlon Bay seems to mak the thlrd p0551b1-

[

‘:llty less plau51ble. ThlS is because food caught in the mud

“sedlment of the pond was softer than-that caught in the bay '

<

o
« P

1

v T ' . I ——

Long Pond ‘ .
The 1nfluence of temperature on feeding of~F}0under #11_

a ‘i‘ N i

Eong Pond is shown in Flg 19. Degree of feedlng 1s:measured

1

by the proportlon of monthly samples which fall into each of

-

flve fullness 1ndex ‘classes which 1nd10a§e the volume of ifood

o 5.. :

‘ 1n‘the anlmal's stomach Samples w1th thelr correspondlnh

1" i

" indices are arranged by 1ncrea51ng temperature

The 1nfluence of temperature on feedlng was to be ex-

'pected 51nce both the mud bottom‘of the pond and ‘its shallog

-~

o
depth enhanced rapld heatlng and” cooling on a dally ba51sjtm

- e

,Durlng April and May, food consumptlon 1ncreased gradually -

’from the winter period of partlal or complete cessatlonnof

feedlng *By the;last week of Apr11 more than 50% of the

capacity. Feeding contlnued at this levgl w;thln 2 temper—

-
. PTIRY

ature range~8.l-16.f C (42-62 F), and reached a max1mum be-

tween 10.0 andilSﬁS C. ;This indicated that April, May, July,-

‘and'September»Were best for,feedinc within the pond (see' .

16 5 C and contlnuec to decllne untll more than half of a
monthly sample (55%) ‘had. empty stomachs. ‘This percentage

(55%) occurred in June. In April and May more fish were:

. -

0.



l'“‘
J a .
L ohzle - - e .- . Al s ‘s . A g " LNy -Y‘/,/ﬁ.’ SH . o O [ _—
P ‘ ° .= = [hd W . .l" g “, . = . s o 208 “
". - . + n ) Fo A :. L i K -'-/‘. -, ".- .. ..th.
e . re 194 tween tetlmperatiure and feeding oftwinter .- «» .. TY
5 er in L%gﬁy'?ond.‘ LR T L “ IR __;'_'. -
. o
"k.‘.v'~ .

-,
.
. %
vt
x4
“
.
. . -
P
” .
»
v B
P
e -
. -
. ot
-
. t e
]
. v
‘
“ .
5 -
~
’ -
v o e 9
g .
.
9 e e
. N =
-
C .
= % -
)

3 NG
c > 4
¥ ’
. @
-t .
e ‘r . N




20 21

10 19

7

16

14 15

13

12

X30N1-SSINTING HLIM 314N

>+ . - o - L

s 40 LN3O¥3d

20, 21

18 19

6 i7

15

4
TEMPERATU RE (C)'

T
12

i

Y
10 1

9

.

-
?
'
'

Loe . a” i
- ‘ . 4
i < . Fiksi,
B - S PR - e
- 1 "
.« Dl U o . . Sl . .
s s B . - .
o " .
N RSP 0. . .
1% . . i . N . ’ 3
. " = fyes -
Lo e oo

.- ae
2 o P
» ol
- i 3
TORRA Bl 2
- 2 S
Ry - ' .




S T 107
consumlng food- than in June, July, orﬁﬁuqust During-the'

latteiﬁonths, feedlng was .of llttle lmportance 51nce the
' e - :
: majoritbif'the populatlon, 1nclud1ng mature post SpawanQﬁ
. 1'\' . *l
adults and larger 1mmatures, was offshore in EOnceptlon Bay.

A}

In September, food 1ntake~atta1ned levels reached in
-
Aprll and May, whlle 1n October 1t gradUally decllned toward

e,

‘a, .
A <

a w1nter mlnlmum. ,' .

- Between 7. O and 15. 5 C, feedlng to 50% fullness or mofe

3 - L . Lo "

o tne tﬂ,encdmpassed 48, 58, 60, and 80% of the samples correspondlnq
to ecach temperature reSpectlvely FlSh in the’ pond followed-

an 1nterest1ng pattern of food consumptlon. Those with empty.

e and 1/2 full stomachs followed a 31m11ar pattern of. 1ncreasc_
and decreasec in' food 1ntake over the temperatures studled " At
the same time, those w1th 1/4, 3/4 and full stomachs followed

j ‘a close~pattern of increase or decrease throughout the same, '

]

temperature range. Whlle feeding .indices followed a ‘similar
pattern within each group,. the two groups oppbsed each other

-when'graph n the same Scale. It -is lnterestlng that the-
’ . ) . ' )
~ same kind of separation of groups was found ‘among winter
Lo . ‘ s s - :
) . flounder in Conception Bay as among fish in the pond. . .

. Y i A . ' ]
. C . . N
Y L&,’,h ‘ ;

= . ) e ﬁ‘
- .7 . Corception Bdy = I
: S ‘ ~—.- / ' )
. : ‘ Table 13 presents the ‘pereentages of flSh wh1ch corres-.,-

' pond to .the flve indices of stomach fullness for temperatures

S 2.0*16.8 C.. The relation between,temperaturepand feedlng inj

~
a

. : Concéption\Bay was not as strong as that in Long Pond. A

larger proportion of fish consumed 50% or more of their stomach

ety ; ‘
o ' S capacity at lower temperatures in‘ the bay than in the pond.

. ?‘ N N . - - 1 ) . ' * .

.Peak feeding occurred at 2,.4 and 11 C, but primarily at 2 and 4 C.

. , _ . . ) ,

’ 't ’..5“_‘ ) . —
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The 50% and O% 1nd1ces behaved 51m11arly oVer the temp—_-

'erature ranqe sampled and showed the same klnd of pattern as

L.dld the-SO% and 0% 1ndlces‘for Lonq‘Pond ‘ They also follOWed o

an-opp051nq pattern to flSh Ecedlng at the 1/4 3/4.and full
‘capa01t1es : Amonq flounderq from thlS bay, all 1nd1cos except

the 23% 1ndex showed 51qn1flcant 1ncreases or dccreases. . How—.

v

ever, the relatlonshlp between temperaturo and 25% fullness

wa%\ncarly blnear had an»approxlmately zero slope I
Table 13. Percentages ‘of flounders fllllng Various, fullness in—
dices at temperatures 2.0-16.8 C. in.Conception Bay. Samples
with'identical temperatures combihed (11.0 C) - c

;

.-

Temperature C

. 2.0 T4.0- 6.0 11.0 12.0  16.8

\ sample Size = . 15 31 . 16 27 .8 16

Fullness Index

(6)

Tido .. . 33 44 19 314 .13 14
75 40 .10 " 0 9 .25 7
50 T 0" .17 19 .9 25 29
25 13 147 19 17 130 14

o . 13 14 . 43 .27 Y25 36 .

S
:Tldal Feedlng 1n Long Pond

Table 14 presens catch data for samples taken from the
two Newfoundland feedlng groundst The dates, depth ranges,
sample siaes, tidal’houtiof catch, and temperature of bottom
water at thedtimE\gt samnling are.shown. Tldal data were- cal—
4culated from the Tide and Curfent Tables (Canadian Hydrographlc

Serv1ce) Sampllng in the pond was a function of the locatlon ..

' of the populatlon durlng the year,'and espe01ally durlng the



1971 to July, 1972.

- 109

peak périod of feedino. The majorlty of the flounders had '

”returned.to the pond by Auqust 28 1971.,‘Accord1nq to the J

) . .‘_...hh‘\c‘

fall movement reported by Kennedy (1964) that observed in¥

N

August appeared to be early. .Fish were speared from'August,

-7

To show the natural onset and proqr0551on of _the feed—

U

',inq cycle, samples Wthh corresponded to temperatures 7. 5

throuqh 15”% C arco arranqed by 1ncrea51ng hour of tlde from

low ‘water to the next low water:' The degree of food consum- -

. ption among the .samples could then be seen before and after

changes .in the distributions of,floundcr. Seven catches, -
‘ > . _ o : -
covering. consecutive time periods of a tidal cycle, are

aligned ih Fig.20 , Samples for which cadtch periods over- -
- ” R p .

. lapped 50% or more of a tidal hour were averaged toypreyent

duplication. This was necessary only once for 4th hr ebb;
The. t1me perlods covered by collectlnq were: - 2.0-2.5

hr flood 0.5-2.0 hr ebb, 2 2-3.2 hr ebb, 3.3-4.9 hr‘ebb,

4.6-5.6 hr ebb, 5.6—5.0 hr ebb, and 0.0-0.72 hr flood.

-

Stomach fullness of'the flbunder are shown'in Fig.20 .

Three- flfths of the flounder caught between 2 O and 2.5 hr

.“
'l

flood ﬁhd empty stomachs, whlle 403% were half full.. The maj-

orlty of flSh were either not feedlng or did so llghtly at

»

the onset of inshore movement Few flsh consumed food heavily
. during movement for stomach fullness remained at the same.
relatlve levels between 2.5 and 4. 5 hr flood tide. A majorlty{
-Stlll had empty or half full stomachs. Food rntake increased
| steadily from 4 hr flood to the middle ogazhe second catch .

.perlod.’ By 1.25 hr ebb} 60% of the flsh,ate 75% and'100% of ..

Ty
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_their stomach-capacity,'instead of the 0% volume of food as

in the early part,of-flood tide. Forty per cent were also

%‘leldCd equally 1nto ‘the 0% and 25% food capa01t1es

By half ebb tlded the number of heavy feeders decreased
- " and those feeding llqhtly increased in number.. The decrease«'
in numbers of hecavy feeders could be expected about this tlme'

in the tide cycle since the flsh 'would *have to digest part of ° )
\ ‘»’

” ‘ 1

. thelr food before renew1ng 1ngest10n. The number "of flSF“ Lkh
'half full stomachs 1ncreased between 2.25 hr ebb and half ebb é?.

by 32%. ~Th1s ‘increase was'reflected in a.4l% decrease 1n

¢

numbers with‘fuller stomachs. 'An inqrease in numbers w1th
'empty stomachs ‘'was’- seen ﬂy a decrease in the.proportlon with
25% and 75%'fullncss. It,appears that iéestion rates among

heavy feeders and their time of peak consumption on a preceding

- flood tide'intluences the time of a feeding slump on the ebb
tidé; a result shown by Karpevitch and Bokoff (1937) and

De Groot 11971) Con51der1ng the amount of time requ1red ‘for

‘the flounders to move 1nshore, reach full stomach - capa01ty ‘and

the shoxrt trme over which a decrease in food volume occurred

'(4—5'hr in this case) 1t appeared that the flSh ate slowly
. \ : : : :

until full. : : . N C Yo S ‘
Quantities of Food consumed were also small enough to,

.allow these fish to be cfhssed as moderate feeders. Therefore,

winter flounder seem to b& continuously feedihg on 'small meals. .

ThlS flndlng is in agreement with observations made by Dunn
(MS 1968). He commented "...Winter Flounder are physically

' : o 4 ’ :
and morphologically adapted to nearly continuous exposure to ™

‘ food functioning at their maximum only under these conditions...

.they kéep near the bottom, feeding stéadily*on food as it pre-
. ! ? o ’ "l,."



'
T
. Ay

‘sents itself. The dige tive system forms a relatively small.

. tinuous procession' of small meals"

"20). This 1nd1cated that feedlng took place durlng ebb tlde

fdecreased'by 25%.

112

part of the fish'e body and probably {s_adapted,to_the con- .
. ‘ | - ‘. ‘. ‘ ‘. -
From' 3-5 hr ebb, numbers with empty stomachs remained

steady. Fish‘that were half full decreased as those that'were‘ ‘o

g , o

feedlng heav11y 1ncreased at the same rate as .on the precedlng

*flood;tlde. Flounders that were 25% full declined in numbers

-

more slowly. This group of feeders malntalned a slow and rela-

'tlvely insignificant rate of change throughout the -tidal cycle.

- During the last hour of ebb tlde and first hour of flood

tlde, numbers of light feeders decreased Heavy feeders reached
‘proportrons wh1ch were hlghé& than the feeding peak of the pre-
‘cedlng flood tide: Increasé% in the number of flshtfeedlng at-

' the heav1er stomach capac1tups were steady from the time of

-

the ebb tide slump 1n feedlng to the time of low water (FLg N

0/

-7 .
A . '
Rt

movement to the dlstant end of the pond.
"By 0.72 hr flood no flSh were half full' only 7% were-

25% full and the majorlty, 80% were 1n the heavy fullness'

'1nd1ces.‘ The proportlon of heavy feeders increased by 25%.°

Simultaneously,- feeders_ln the”moderate to light categories ,
4 P . T . 0 ' - -~

Fl

'At 2 0~ 2»5 hr floody the flSh .were agaln 1n the reverse

condition. Most of the heavy feeders were empty and/or only

’moderately full. A period of digestion lasting long enough . to.

F -

“reverse the.condition of fullness to that found in the first -’

‘catch period followed the second feeding peak on ebb tideé. For
. > fee .

-
\ .
v
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simplicity, if midpoints of the seven catch periods wefe used

~a.2.2 hr period. of digestion is calculated. The drop in the

Y

‘percentage of fish with full or nearly full stomachs comprised

80% of the fish during this time of digestion. Those filling

e ’

;.the lower indices of fullness increased by a net 80%. This

was undersﬂandable since fish fllllng the heavier fullness
lndlces dlqested their food and chanqed thelr standlng on the
scale of indices by shifting to the lower classes.

In summary, feeding of winter flounder in the pond showed

'some.synchrony with the tidal cycle. ' Stomachs were empty or

T"

lightly full-during inshore movement. lTheylincreased'in full-

neSs after movement and reached a peak at high water. After

becoming full, a period of Cessation followed while part of the
° ~

food digested. A second in@feasé occurred toward the'end of

ebb tide or‘early flood tlde of the next.oyclelﬁ-Fish consumed
food while moving to the distant end of the pond, but ate little
or none during a,change of distribution on tneﬁflood‘tlde.

4 ( N
Growth on tbe Feedlnq Grounds

quure 21 compares age length dats from the two sampling'

grounds in Newfoundland. The Kighest age class in Long Poné

u

was nine years, whlle that in' the bay was fifteen years ‘The

v,

shallow water populatlon sampled from 1971-1972 had a faster
grthh rate than those Speared in l962—l963 (Kennedy and Steele,

1971) although those’ taken in the latter case were often older
r ol ' . e ‘
ahd larger : : -

‘Flounder from the bay had growth rates'similar or {equal

to'pond fish up to seven years, but grew faster beyond‘7
. - , . o

"N

-
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of aget‘ Curves of 'mean length to age were calculated for all
fish of the same age for the monthly samplesqgria feedlngv
ground. For certain ages (ezg., 9) or months (e.g., July)
insufficient numhers of fish caused an anomalous dip in the
curves where this may not have.nornally occurred.‘ The average -
-of both groups of‘winter’flounder gave the following length

series for ages 2-10 and 15 years, as. an 1nd1cator of general

IS
o

growth 1n the arearx 12.2, 20 6, 24 1, 26f9y 28.7, 3lﬂ§, 36.3,°

o

. 39.7, 41.0, and-59. ngn,_pespeetlvely

Age and length comp051tlon changed llttle durlng thel

& T

'year in Long Pond (Appendix 10) The populatloh was domlnated

by 4, 5, and 6 year old fish ranging 1n 51ze from 15 to 35 cm

3

"'(Fig. 22 and 23). Fewer and.youngen agee.occurred in the summer .

. L

-

”due t8 the.offshore moVement of the adult populatidn From Maj

to August, 8 and 9 year -old fish were not found in the ‘samples,

and in, July and August 6 and/oxr 7 year 1d ndlvlduals were ,

N,

'not ﬁound. These reappeared by Septem d October to q1 e
the same\length comp051t10n as that found in early spring.

Post" larval and yearllng flounder were numerous; however,’

‘.thelr small sizes evaded the sampl*ng—methods usedr. ﬁﬂki
" Age frequenc1es and sex composition of the two sete of
samples‘are g1Ven in Appendlx 10. Larger samples taken gn _

Aprll;\Apgust and September more closely approx1mate the ‘ hhu.
%?pulation in, the pond. Samples taken in May and October: ﬁ\‘\\\\\\

f\'were largest for Conception Bay, but nearly all-sarmiples wete .
- small in size for this ground. ‘ . ‘ o D .

v In April, twice as many females were' present. as males

‘s

in Long Pond. This ratio became 1l:1 in May and June when
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°

breeding took place. .8ix tlmes ‘as many males were present

PR T .
.in July. These were younger, immature fish whic¢h had not

.. (‘

'folIQWed the bulk of the’ postﬁspawning adults into the bay.

" In the late summer and through the fall, males were more

+

abundant than females due .to their earlier movement' 1nto.
‘ )

.the pond ahead of rlpening,'adult females.. The larger.num—

. ber of males in»autumﬁ‘corresponds with the situation fouhd

»

by Kennedy JQ964)'er‘the.same period‘in the lagoon.
In Conception Bay, mnore females Were present than males

in the. spring._ In summer, the ratio became 1: l and ‘in’ the

fall,’females were again more abundant. Such changes in sex

' composition in the bay indicate some degree of mass~movemEnt !
jnshore‘ascwell as farther offshore from the area. ‘Whether -
‘both operate 51multaneously or succe551vely is unknown.

h‘Tagglng studies are necessary before the results can ‘be

pi

-

'yexplained clearly. However, the autumn 1ﬁcrease in females

just’ offshore from the pond is probably due to the inshore

movement of males to 1nlets, in preparatlon for overwintering

and’ spawning.

In Coriception Bay, age composition covered a wider range

with fewer year classes dominating any one sample. Fish from

4-8 years were .most freguent-and consistent. .From May to

August, the classes.missinglfrom.the pondhwereqpresent'in the

LN
T . - . : ”,

bayﬁsamplesl
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_.General Discussion

“~

Comparlson of movement in Brandy Cove and Long Pond
o

Characterlstlcs of the Long Pond movement dlffered from

those.of Brandy Coye in several respects and were a functlon of °

how the fishﬂresponded to tide.” :

N T - . . ! . . .
‘Whereas Brandy Cove flounders. began moving inshore after: N\

-

0.5 hr flood those in'Long Pond did not move until nearly 1.0-
1.5 hr flood tide., Fish in Brandy Cove moved inshore, within 2

\
hours, and movement was completed by 2 5- 3 0 hr flood Those 1n“~J/

-~

Long Pond moved slower in "waves" or clusters of 1nd1v1duals.
Movement occurred between l and 4 hr flood, and thus lasted about
‘l 5 hr longer, as well as belng delayed by .5-1.0 hr. Slnce move-

ment 1n the cove was more llmlted to a few hours before and fter

¢ . ebb t1de (Tyler, 1971) it ‘was sﬁmllar to that of plalce at Lo h

-

,Ewe, Scotband (Edwards and Steele, 1968) and- the Danlsh_Wadden

Sea (Smldt, 1951) Nature of the\movement'was!that it ocfurred
=as.a surge in_these'three locations.’ Movement in.Long Pénd was
not so restricted to a couple hours and, thus, was similar'to,that

b . of plaice in Ardmucknish Bay (Gibson, 1973) where no surdeHOCCurred;

Winter flounder, then, moved in differing ways'in the two locations
. ‘h\ . 0

of the Northwestern.Atlantlc as did plalce for the two locations
of the Northeastern:Atlantlc.' Yet, although'geographically the

-
two spec1es were w1dely separated behav1ourally they dlsplayed

“similar patterns of:movement o

.

S Feedlng in Brandy Cove occurred from about 3 hr flood to
3.5 hr ebb -or more while in the pond 1t occurred from approx1mately o

4 hr flood to.3.5 hr ebb hefofe outward movement- began. It must/

3y I

; : : .

‘ . e ' ‘ ' v . f : :
s . . . : - .
. . , > .~
. ' . ~ - -
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rflatfish in makingftidalfmovements As flatfish are cbnsidered,

120 Y

’

be remembered that thlS time - schedule characterlzed the bulk of
flqynders which moved and that. (1) w1th1n each phase of activity
1ndlviduals varied and (2) the phases themselves vaﬁied in duration
and tlme of 1n1t1atlon. Thus Brandy Cove flounders fed for a

‘mlnlmum perlod of 6-8 hours ‘while in Long Pond they fed for

~ -~
A a

5. % to’ 6 0 or 6.5 hr.

e
.

Gifshore movement began by approximately 3. 5 hr ebb at both
study sites, and was mostly completed by 5.5 hr ebb tide. How- ﬁ
~ever, the surge 1h‘Brandy Cove which 1nvolved nearly 70% of the

dﬁlsh between 3. 5 and 5.5 hr ebb did not occur in the- pond

While outward mOVement was initiated by 3.5-4.0 hr ebb in
the. pond most flounders were observed to remaln untll nearly
5 hr'ebb and then move out qulckly durlng the last hour of the
tide on most days. Thusj it seemed that these fish waited untll“'
the last possible moment before leaving. biffemenceg:in.movement‘

PO ‘ . ¢
between the two locations are illustrated _in Figure 24. .
. . -

" ’ ce - ' .o a

po . - e : . . - :
Consideration of factors causing orientation during movement ~

X"Bryne (1968), Poddubny (1969), and Gibson (1973) have re-

viewed at- least eleven ehvironmental cues proposed to be used by.

to need con51stenﬂ phy51cal and/or biotic cues to” gulde thelr
movement, seven of these eleven have been re]ected. This is be-
cause they were dhangeable and would confuse the_fish which follov—,
ed them. The seven spatial and temporai_oues dis;layed’too'mheh
Avariability in relation to depth to be followed consistentiy

for long periods of tlme. These cues were: temperature,-salinity,"

7“llght alnten51ty, photoperlod, sound, surface glltter pattern,
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Flgure 24 \Comparlson of tldal movements of w1nter flounders in Long
e wPond Nfld (arc) and Brandy Cove, N B. (01rcle)
- R g Q - u’. v
oo . .. . ¢ Legend . L ,
) . . ) . . o “ o - . , ) ". N o \". -' ‘ . ’

-Stippled area : denotes time of" exploratlon, feedlng, etc. -
' , S . -Distributions. of. fish dissociated at thlS»
St e o . time. : ¢
e " Hatched area : denotes time of movement in.or“outward.
ST BT . from the intertidal zone. Dlstrlbutlons—
, R . < areé oppos1ng in pattern at thlS time.
- 80lid .area {,denotes tlme‘ when no movement occurs. -

I ' - Fish concentrated in their ebb tide locatlons_

Distributions are the same. or very 51m11ar

O Co at this time.: ;

\\{;,Coldured'area : denotes time of pronounced movement in
L ' . or out of the intertidal zone within.

_j”it..”, P “th total t1me of movement (Hatched aféa).,
q‘.. ) .
) ) ¢ -\L'F“‘ ’ . o .
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-.’.“‘ " ‘ - :
' and turbulenée‘ - Of the four remalnlng cues, hydrostatlc pres-
sure was con51dered to be the most logical and consistent for
‘flsh to follow. These four cues were: depth contours,tendogenous_
rhythm,ttldal current and hydrostatic §ressure: Pressure has the
mosg‘réllability in'alloning fish to maintain substrate posltion
in relation ‘to depth. As species of;flatfish lacking a:swimf

bladder (e.é. Pleuronectes platessa, 'Limanda limanda) react

consistently to ohanging pressure (Blaxter and Tytler, 1972) lt

4Ai5‘possib1e that P. americanus also ‘used this cue and .that it

-

was the attribute of depth which initiated movement.
In contrast; movement in Long Pond was felt to be'intiated'

'by”water currents and then controlled by pressure, as the 1n1t1al

lncrease in depth of water atlthe change of tide. was small com-

)

pared to later increases in depth durlng hours 2 and 4,
y . The presence of winter flounder in the 1ntert1da1 zone at’
hlgh t1de in Long\Pond (personal observatlon)corresponded to

\
their presence In\the same zone in Brandy Cove. Whlle Tyler (1971)

studled movements in the latter locatlon, presence of flounders
there was observed as early’ as 1902 by Dr.C Joseph Stafford, and
later by Medgof and MacPhall . (1952) who also found them at Belll-
veau Cove and Petpeswick, N.S. McCracken (1963) sampled the
abﬁndanéé of winter flounder in Brandy Cove .in l949'with set
seine.and beam trawl. Olla et al. (1969) observed winter f£loun-
der in close to shore at Long Island. Pearcy (1962) mentloned'
thelr occurrence in the 1ntert1dal zone at high tlde,,as -did. -~
De'Sylva et al. (1962) in seine catches on the beach in the Dela-

ware River shore zone. ' Intertidal mgvement of this species

-and others (Merriman, 1947) also corresponds with that reported
. . “
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' for North Sea plaice, P. plategsa; §.maximu$;/fionnder, P.flesus;-

. ‘ \/ -
a .

sand goby, P.minutus; and cod, Gadus morhua. The appearance of

these species has been described for intertidal zones of the
North Sea and adjacent northern waters by Linke (1939), Sinidt

,(1951),;ZenheVitch (1963) , and Hancock and Urquhart (1965).
' - . “l
Relation of movements to feeding in Brandy Cove -

7

s Saﬁpling in Brandy Cove showed that‘higrant,fish‘hadbsmall
amounts of food in their stomachs durinhmthe last helf of ebb

n -
el 'S ’
— -

. tide before entering the intertidal zone. Two feeding patterns
were equested by the effect of tide on their movement and feed;
ing; The first was of .fish feeding durlng flood tide in the,ﬁ
1ntert1dal zone and dlgestlng prey over Ahe followlng ebb. tlde
whlle in the subt1da1 zone. The second| was of fish feedlng at a

9

slow rate of 1ngest10n whlle remaining subtldally.

Tyler (1971) found that 68 3% of his "1970" migrant flounders
entered the intertidal zone by 2.5 hr flood tide. ‘Stomachs
examlned from fish in thlsstudy were full by 3 hr ebb As fish .

taken ]ust after’ hlgh wadter were as full as those taken later on -

ebb tide when fish were 1eav1ng the zone, feedlng took place
during the last half of. flood tide as well as during ebb tide.
‘Subtidal nqn}migraﬁts could beoome-migrants if their stoF'
- ‘machs.were nearly empty. at.low tide”and'their prey were consumedo
| eithér on the flood tide of the orevious twelve hour cyclé or |
»early on the ebb before 1nshore movement.-

'The feeding types described for Long Pond and Conception

. Bay flounder as heavy and light were simfiar to labels‘applied by

€
.;3.



‘and then rated for various spec1es Europeanjplaice would have

-

T : : ’Izg A <y

L

] ' " . .
De. Groot (1971) to "intensive" and - "moderate' feeding pleuronectids.

. in the North Sea. 1In his experiments, the weight of food taken

o

to the body weight of the fish was expressed as a percentage

)
*

to éonsdme,greater than 5.25% of thelr body weight.-to be 1nten51ve
feeders. Moderatehﬁﬁedsﬁe ate less than this amount. .Flatfish
sampled in thiS'stddy in both New Erunsmickgand Newfoundland

mere moderate-feeders accordlhg to'this'crlterion. lhey ate no

more than 2% of their body we1ght as prey welght per tide.

v

'Inten51ty of feedlng among P americanus was IOWer than that

among P. platessa, L. limanda, but was similar to Solea solea. .

o . -

and P.flesus.

Relation of moVements to feeding in TLong Pond . -

A feeding "slump“”was observed between high tide and mid-

‘ebb tide among Long Pond flounder. This "slump“ in stomach filling.

-
Pty |

and its corresponding peaks were part of a cycle seen in other
) S . :

.'flatfishes In his treatise on the interrelationships between'

SRS
morphology of- the allmentary tract and feedlng hablts, De Groot

(1971) found feedlng to be controlled ~by photoperlod and tem-

perature prlmarlly and tide secondarily. Stomach analy51s from

;trawl samples 1n the Texelstroom revealed a consistent pattern

oy

in’ four North Sea. flatflshes listed above. Feedlng was coordlnated

- \ R

W1th tides such that stomachs were emptler at the beglnnlng of -

=~

a tide and fuller at mld-tlde. A period of oessatlon-followed.

. Digestion of some of the contents occurred during this period.

Renewed feedingYcontinued thereafter. Plaice of 20-25 cm
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followed this pattern fillingvtheir'stomachs after an interval
in which sdme'of the food was digested.' His data showed_this
perlod to be 2 3 hours on the average. Feeding‘continued in
dayllght but slowed in rate during the nlght. Food eaten at the
first peak of intake in-early morning, was not‘digested as a
full unit gpal before :more was consumed Enouéh was digested

and passed from the stomach to the mldgut to allow room for an-

other.meal 1ntake. Flounders 1n this study requlred more t1me

1

to reach a state of’ satlatlon but the patterns were similar.

R

Because of the small number and size of samples.used in this

\“'

comparison the apparent synchrony between feeding and tidal |,

l .
movement reqdires further study, Sampling of stomachs over each

hour of the,tidhl cycle is necessary to’confirm the suggestion.

S

Function of Long Pond flounder movement _
. oA
& ’
‘while Brandy Cove.{lounder movements were related to the

availability of food resources in the 1ntert1dal zone 1t is felt

that in Long Pond,; movemEEt was not related solely to food.

Feeding-was'probably a‘stimulus for the spring moyements observed

during the seven or eight weeks between ice break-up and offshore

4

.migration.’ Water‘had warmed enough to stimulate swimmingland

some feeding by‘juveniles and immatures. Feeding intensfty'of~

all age groups, though, would Have beern lower compared to later

summer feeding by the entlre stock and 1nvolved fewer fish for. (1)

. L)

the majorlty of the populatlon would not have-consumed much food

prior to spawnlng in late spring and {2) temperatures wbre usually

1_-—

reduced until the end of May. It iﬁ;felt that food was not as

» -
L~



v

l,m neéeded quantities %f"food inside the basin. .

126 -

'strohg a primary stimulus as in Brandy Cove.

Available evidence (Christie, 1966; Kennedy, 1964) indicated -
. - ) indicated ~

that Long Bend had a small food supﬁl&. A poor variety of, food

t . b
"which could be consumed by animals higher in the food chain. was
present. A-jow standing,crop covered much of. the bottom surface

+ b . —_—

4

area. Reduced levels of food consumption in the pond allowed

,éurvival but poor growth.

The flounders Tade seasonal movements to and from the lagoon
whlch allowed the best use of. both areas 01n summer and w1nter?x\\
Movement showed that offshore mlgratlon was not vooordinéted.,'
with“auto—selectedﬁ'temperatures of 12-15 C (McCracken 1963),
but closer to tlmes Oof spawning and feeding. Correspondlng evi-

&t

dence was found in St. Margaret'sBay when movements “to. and from

~_2 deeper ground were not " trlggered by a temperature resppnse"

r(LeV1ngs; 1973). " The pond was used ‘for overwiﬁbering when

gonads were' recovérlng and rlpenlng Flounders left the inlet

& 14

“after spawnlng, when they fed intensively and could not obtein

/

" The .effective number of. months of active feeding inside

the pond was reduced to three, despite their presence there

ten months of the year. As well, .the more important months for. -

feeding were those in which they were;not-iﬁ the pond: late June,
July, August; and/or September.- ﬁhis'evidehce supports the
theory that food was not.as 1mportant a cause of movement as “$n

Brandy Cove, New BrunSW1ck.

It'must be remembered thét in the -cove,movements were directed

intertidally whereae in Long"Pond theywere directed from one end:

D T

a of the shallow subtidal zone to the other and the slope of the
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,represented by the numbers oﬁ calo 1es dlrected toward growth com-

' 127
\.

bottom was nearly zero, except for the dredged bas1n. Fewer fish
“entered the 1ntert1dal zone 1n the pond Thus, essentlally the

same food supply*was avallable to the populatlon during both tides

]

.Value of the.study- in relation to spciety R 1 B \‘

Y N ' ’ : ' Y
The total 1ntert1dal area of Brandy Cove (Medcof and Mac-': R
g ‘

hﬁﬁail 1952) has been glven.‘ Mean numbers: of flounders pa551ng
over a portlon of that area haveﬂgsen found for a 12 hr tidal

cycle (Tyler, 197lr Quantltles of the most heav1ly eonsumed prey

-

spec1es were determlned for- an average tlde when the flsh were in-

LAY
. N ‘.

shore (Wells et al:“1973) Calorlc values of some 1nfauna and

! ‘ tL

f-.

= . b 3 :
substrate—surfacefelpfauna whrch are prey of" flounders*have been
« . MIPIIP L JRNT A% . : ‘.
g : ohel N . -

. g o F . .
calculated either directly (Tyler, 1973) or indirectly for closely

-related species (Brawn et al. 1968; “Paine and Vadas, 1969);
From. these data and further'studies, it will be p0551ble to
_J . L’\ . -

est{mate den51t1es of flSh and calorles consumed per acre. W1th

the establlshment of dlgestlon rates and conversion efficiencies *

for the major prey spe01es, the mean y;eld 1n fLSh production- can

be realized per acre of feedlng gr Qnd’ Yleld in production 1s

¢ ) =
!

- J

’

pared to calories consumed‘ln the prey.’ Such 1nformatlon will

»
»

extend'our understanding of the nutritlon'and growth rates of a

3 . o M

spec1es whlch has a large potentlal for applied aquaculture both

in the 1abq&atory (Stlckney and Whlte, 1973) and in nature.l
Since the present-value‘oﬁ the,lntertldal zone is realized but
1ts potentlal value in. aquaculture remalns undeveloped these zones

“_\?N...

should be protected from abuse and human 1ntervent10n. Partlcularly,

T
. « o - ) - - o T .
i s - - . . . . .
. ‘ N . e
IS . o . .
. 'ty N B
. K
L . .
)
.



\use'is made of the =zone whenathe‘time_of low'water coincides with 24

" The variety and quantlty"of food offered compensated for the B

R . ) . . .. o .
‘)‘ . . v ) ' P u ™ L

intértidal zones o edlum to- larqe acreage should be left ‘in 'Xl .
. - . SRR §

their hatural state.,‘Tnteryention ‘in the’ ‘form of tldal 1mpoun4_ gz
'y - ~ -

ments hydroelectrlc dams; o1l spllls- bulldoalng, sewage’ dlSposal,

]
dumplng, and retalnlng ‘walls for silt must be stopped 1f pro—,

"ductryxty of ourwlnshore fish stocks is to be malntalned.

a. ‘ 5 B .
i - - © . . R i ' ' .

. ,' ( .'- ' ‘ ..‘L : . . - - .t N ’
" Conclusions : . g o : - .
In New Brunswick, the 1ntert1dal .zone is used as a feeding RN

o

i e

ground by P. americanus.' It is used when flounders are onshore

L -.n

»from April to October in thls area of the Bay of Fundy.f Its L

1+ resources supplement food obtalned subtldally Numbers .of flSh

]
>
movelnq 1dio and from the zone were large. In certain locationsﬁ

abundanbe ofmorganlsms may be five to eitht times higher)interh .

e
<

.tidally than subtidally. 'During'spring, summer and fall max1mum ¢’

LI ~ N . -
. R coamal .

the onset of daylight.  This allows the fish to. mfvé inshor' :u N :
between sunr;se and. approxlmately noon hour and feed throu:i\the\\\f\;
day,, since.they are VLSual feeders. As™ . the tldal phase (low water)
loses synchrony W1th sgnr1$e, 1nshore movement,proceeds later and

the feed;ng cycle is displaced to later hours in the day. Wlth

[}

each day and loSs of synchrony, the - number of hours for feedlng

( VTl - i
decreases as the time of, low water rotates toward evenlng and the . -

-2
-

time of .civil tW1lrght. Intertldal feedlng 1ncreased the energy

Bl

supply avallable to the flSh Subtldal competltlon was feguced“-

~ - \ N

rnherent danger from predatlon of thelr inshore aggregatlons.. N f_
In Newfoundland w1nter flounder were bbserved in the 1nter—

tidal zone.;uSmaller sizes predomlnated there. Flounders dlsplayed
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relatlon to tome of the tldea' An apparent relatlonshlp was found

_T;%L; Do between feedlng and movehent Although they appeared to feed 1nv¢?f
= . . . ‘e r ' \ ", ,,-,l

S synchrony w1th the tlde,‘food was not as, 1mpoftant a. stlmulus 1n~.

cau51ng movement as 1n Brandy Cove, New. BrunSW1ck.j Slnce an in-

;f"';? "creasé in depth 1s more perceptlble An’ shailow water than deep ‘a1?%?f;
! | 3. *hlr water; ;ery Ilttle 1ncrease would be requlred to stlmulate;the |
: Iﬁli f;. flsh'to move,,partlcularly 1n ‘a! locatlon l;%e Long Pond; It. 1S°:
f _ ‘. .POSSlble thaé pressure was more 1mportant than food 51npe 1ncreases
- N . N . Lo R
' ';l:"..f gand decreases in surroundlng pressure can be detected w1th l 2%, L
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Appendix 1

G

“General Aspects of 'Geology of Study Sites in Newfoundland.

and New Brunswick

L

Long Pond : T

As a shallow harbour located on the southwest coast- of

-

'Conceptg.on Bay, Long Pond may be def;_ned as a 1agpon as it is -

.ka\,semi—closed body of water connected with the sea by a narrow

channel (Muus, 1967) and its freshwater.supply is minimal and

e

salinity constant. N

% ' <

- Lying in a coastal belt of low rolllng terrain the har-—
'bour was formerly a barachols pond with bracklsh wate’r llke .
those of’ Broad Cove, Topsall, Chamberlains, Manuels, Seal

‘Cove,' and Lance Cove. ' However, .sincé 1965, the pond has be-

: come a saltwater lagoon after dyking and .dredging _operétions
opened it to Conception Bay.

Pl

0il and talc freighters can use the pier near the seaward

It is dredged Tregularly so that

channel. - o ' , : e
L o

4 “ . ’ .
The coastal plain, alluded o above, is covered by gTra—

" a1l arift and dep051ts (Henderso{; 1960) As a lagoon, the

"pond acts as a depositlonal basin for accumulatlon of sand

~.and flner materlals (mud) which wash down from surroundlng

LY

composed of pebble and cobble with smaller fractions of- other

dep051ts such as sand.

“and w1nter, dependlng upon the severlty of weather condltlons

'and wave action. The’ pebble and cobble are derlved from the

e

The barach01s beach at the dlstant end of the pond is -

Its sand content varies between summer}

:)“,5 »



. slze aﬁé depth due to the slope of bedrock and digtrib?tion

140

-

o

reworklng of glac1a1 drift in the surroundlng areas»of each'”

=

bar by waves Fnd currents (Bruckne;,‘ 1969).

e
.

Conceptlon Bay

“

soil texture and depth contours of thlS bay appear in

ﬁ'.

Fié. 25. * A deep mud trench in the'cen er of the bay is

. P . . - .
bordered by fields of sand or cobble. he fields-vary in.

»

~

of currents in each area. They form small to moderately

largé shoal grounds extending in parallel nortﬁ—soutﬁtdir-‘

‘ection on both- the southeast and northwest ends-of the-bay.

The southeast'ground extends from approximately Seal
Cove northwdrd to the 120 f£t. contour and encircles Bell
. & - :

Island. The northwest ground extends from Feather Point

east to the 200 ft. contour. It then broadens northward -

to the projecting 100 ft. contour. in the head of -the bay.
The areas used fornthe'sampling of winter flounder stomachs
were located on graVelly.éand with a slope of 1:10. (Map

4285 Canadlan Hydrographic Serv1ce) Sediment'téken'ét

\
‘Statlon 79 were found to be typlcal of that found 1n the

w;nte:»floundetjsampllng area. The bulk mlnerology ‘con-

sisted pf feldspar and quartz, with clay made of mica and
. \ : " ) . . . .2-
chlorite. No gravel was found, but soil consisted of sand,

.ﬂsiit, and clay in a ratio of '75.1:20.9:4.0. 'Calciumtéar~

-

}bénate-wgs pfesent as }§ and only as she?l:ﬁrqgmeﬁts.L Both"
~orgahic catbon and indrgénic’phoSphorus were low.  Of six-
.teen compoundé and elements determined, }ﬁte Wefe'impg;tant‘
in gfoss qupositiot~and.wer§; Sif02;74%, A1203=li%£ Fe0=2.5%,

" Na._.0=2.9% and K,0=2.3%.

2
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'strata‘ylth Devonlan plant remalns. Along'the shorellne

its igneous composit£On. “Hard,.tough'and commonly’used as

. crushed rock, 1t 1s w1despread in. occurrence. ‘It qonsists

15.43, 7.9%, 5.8%, and 8.9%. . This® is based on’averagé

StL'Andrews-_ :-,_'° , S

« The rocks of St Andrews are part of the Perry Group,
Wthh uni;ke@those that have undergone severe deformatlon»~

and upllftinq on the eastern shore of Passamaquoddy Bay,

NS

have undergone llttle transformatlon or metamorphOSLS.

ThlS group "i5 made-of shales, conglomerate, and 511tstone,

s ]
wh1ch are coarse, red to reddlsh brown, and-lnclude gray

Uf

of Ehe penlnsula, dykes and 51115 are present and contaln

\ X

amygdalpld dlabase %, Known as "black qranlte drabase is .

“ B T
< : ¢ N

s .. ~-J '

“ -

of . OX1dcs of srllcon,i lUmlnum, iron,. magnesium, and calcium -

in the follow1nq proportlons ‘perhcent weight: '50.5%,'

.o . . , ..

—r
¢

'

chemical analysis. These levels. are in contrast to.sedis
3 . . . € - v . '

N 3

‘ments of Conception Bay which contain silicon.almost totally '

a
A

and only'trace amountsfof‘oéher,elements. Sediments of - -

-t . - -
; . . i . . - ' v

.St. Andrews contain nearly 24%.less silicon, but much higher.

amounts of 1ron, magne51unn-calc§hm and lime. ° Lime, indi-

2

cative of shaIlow watexr dep051ts, was’ l3 tlmes more concen—‘

- » [ v ) . B ' -
trated A . e - 3<(1»f. .

" Fhe- b ches of the cove ‘contain much red conglomerate -

- o v .

~and sandstone whlch erode contlnuously ‘to. form sandy, pebbly o

. T .\\ .
substrata of coarse. texture.‘“Brandy Cove, Navy'Itland, and
Cap - .

Jpe s P01nt con31st of this composltlon. ,Cobble occurs‘at“

. “
) » . -

the south- end and bedrock along the north - shore in the cove.

.

. « .
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)Qrzlng observa tions revealed thﬁt sedlment dlstrlbutlon,’é"

- western basrn,’sedlments from the head to the center of _

.lng‘higher proportions’ of sand, Colour'oéithe sediment also

! o B : e . . ,
- . R .. ¢ Ly
y, - . c T

‘.Gritty, sandstonelledges snrround,ﬁhe.qovernment'wharf'and.°

¢ -

'foUndation'offtheiBiélogical'Station{ These, occur in step

'ffashlon -from the hlgh 1ntert1dal to low subtldal They end

1

Hln the.low subtldal and grade to muddy qravel laylngfoVer

beerck outcrops. i S

- Tbe 1ntert1dal zone extends from 1-7 meters on normal

low tlde and 8 meter*“on-sprlng tldes.' Two ledges at the

center and north 51de of the cove which are submerged at ‘high
water and exposed at low water,,border thlS tlde mark
. A oL . - :
Sediments-Long Pond . o R -
» X q ., N N . y I
Sediments of the western ba51n, the area under stédy,

< e

'.changed.from a mud .and sand bottom to ‘a shore fringe of

" gn

.‘ﬁ_shale} and small rocks 1ntert1dally. Beyond thls, glac1a1

r

:

boulders are strewn to the edge of surroundlnq qrasslands. o

Ve,
¢~

i Bt . .
amount of omganlg matter, and benthos were srmllar to those

, .

- ,‘n

.in the eastern basln (Chrlstle, '1966°). The channel between
"the two arms of the‘pond con51sted of sand in a deeper

'trough w1th cleanexr .cobble along the edges of the shallow

o

'tsubtldal .and 1ntert1dal zones. Sorl and substrata_ln the

channel'had onlyfsmall‘amounts oﬁ organic mattexr. In the L

[

'ﬁthe pond con51sted of organic muds 1. 6 2.2 m thiek which

graded into sandy mud in’ the shallow %'%ward end and dredged

‘ba51n; From the basellne of the dredged basin to the shlpplng

-

channel mud content appeared to diminish progressiVelyh leav~

»

"
~

'0 . .
. ne Lo




o

. N o~ -
-
o © Tdg
- LI . . .

7 ™

", in areas where Zostera. marina'grow in' bands parallel to‘the"

shore and had root sygtems capable of a/cumulatlng sedlment.
P 4 /

Chrlstre (1966) found that mud ln .the south arm ‘and along the
east. shorellne of the eastern ba51n contained .between 20 ~and

259 organic matter. Dlstrlbutlonfof mud in the western basin
w;s-lﬁke that in the eastern ba51n. The exceptlon was a small
coyelin the'southwest_corner of the study‘site‘which also had3

mndf' . SRS

Sedlments Brandy .Cove .
Sedlments from the benthos samples of transects T1 and
-T2 were analyzed to gain insight 1nto p0551ble effects’ of

.partlcle 51ze on, the benthos dlstrlbutlon ‘in Brandy Cove.

”,

4Samples from the hlgher 1ntert1dal zone were only approx1mate

for stones and pebbles retained by the 8 mm sieve were re-

- moved durlnglthe_51eV1ng process. Equal,amounts of.sorl from

-0

the 8, 4, 1, and OSB‘mm.sieves and that bassing through the
/0.5 mm sieve were used to determiné the per cent dry weight
of each fraction, according to Shepard's'(l954) system of

+ nomenclature. Sedlment samples were processed through cour-

D

tesy of the Geology Department of thlS unlver51ty , The cen-’

(
tral sectlon of the beach and shallow subtldal was composed

Q.

'of‘sandy gravel. Mud was nearly absent. Slxty-three per

. v - v’
cent of the .intertidal samples had no mud or.only traces.

(1L g.). Subtidally, mud occurred ij more samplesl(ﬁO%) yet.‘
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in small proportlons (X 2. 47%/sample) Above mean low
water, sandy gravel predomlnated in the hlgher lntertldal

B ’,\y
.ustatlons l~9. 'These were'iocated 1n a'reglon of cobble -

4‘.‘

rock and sandstone ledges whlch leveled "out to the mld—
\

‘. intertidal and lOWer 1ntert1dal where a sand’ flat stretched

-~

b

. to LWN ' Four of these five samples were situated adjacent

to or w1th1n,the freshwater efflux of Brandy Cove Brook.
1

Nereis virens and G. oceanicus were abundant at stations 1 -

©

and 3. Subsurface rocks and debris found at these locations
were absent at #5 where the proportion of sand increased

and pebbles'predominated Gastropoda-were‘numerous but the
‘. l * . «

: )
majority of individu d 86% of the species were fepre—.‘

” . . /;

;sented by dead or empty shells

The remalnlng intertidal statlons crossed a. sand flat . -

Sand comp051tlon 1ncreased from 79% at #9 to 100% at‘#@l
L,\

. Statlon #9 contalned ‘no rock but some pebbles which were

compacted below the surface~‘ Coarse sand was observed over

¢
* R

most of the' tidaly flat. This agrees.with analyses made by
Rowe (1970) on sediments of the mid—intertidai zone. fGrain
"51zes at the south end of the beach ranged from 420 u to.

710, u.and fell into the coarse (500-1000 u) and nedium (250

: ,500‘u) partlcle 51ze:classes., o

~ -

« Subtidally, grain 51zes .varied unevenly with depth

H e 1)

show1ng a gradual decrease llke that on the beach (Rowe, 1970),

but they are not smaller‘than those in the 1ntert1dal zone. .

3

ivMorphometry of fong Pond

The westefn ba51n 1s d1V1ded 1nto "an elongated, shallow'

nud-fla§1and a deeper dredged ba51n. Mean.w1dth-of the pond~

i .
;T T C

e,
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. . . . ' -

" was 270 m whlle maxlmum length.and w1dth were 730 m, and

317 m reSpectlvely (Chart 4285, Canadlan Hydrographlc

Servrce). The larger part Qf)the basin extended seaward
. N et ’. M P

o . 'd‘ . P
" . from a broadened, island studied channel leadinq"from Conway

—_—

‘Brook.
) The.effect‘of strEam Enfldent'on“salinftw~was deterf."
“'mined.by estrmation of freshwater drainaqe. Volume run-of £
Was'calcuiated as a<perccntage of that ﬂiowing from Broad

" Cove Brook St. #hilips. Stream flow data were avallable
Ifor thls brook closest to Conway Brook. The comparisch was
Fased on proportional watershed areas of the two systems

" . (Water Survey of Canada). _Area.of Conway Brook was 15.71
km2 or 93% of Broad Cowe.Brook;~producing an ayerade dailyx

volume,of,2:04 m3/sec in 1972. ‘Maximum drainage occurred

.on NovéﬁBEfTiQ 19727 when 25 03 m /sec flowed from the brook;
or 12 4 times dar}y mean flow. Average dally dlscharge was
small durlng the winter. when. the brook froze and in mld -summer
when evaporat;on 51gn1f1cantly.decreased its flow. Durlng

"these times, the flow‘exertedinegligible dilution.on salinity
.o o ) B . ‘ ‘n, B N * N 1 -
beyond the 'island studded channel. e

T : . . I R A

Intertidal volume, area, and total volumes at mean high
_and’low water{were found by planimeter_measurementstof.depth

. contours 1n51de the pond. The 'number of tidal‘cyciés needed

S to replace part ‘or all of the ‘system and thus p0551b1e effects

of tide on currents cou;d,then'be considered. -Total area of
2. yVoidmes at

and 115 236 m3'~

the western basin was'estimated to‘be<0.184 km
. . - - 3

‘mean high- and low water were 256'389 9 m

respectively ThlS dlfference produced a. tldal prlsm of

- ‘ R CL e
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141 154 m or 55% of hlgh tlde volume.‘ Thus fewer. than two -

tldal cydI/g were needed to flush a volume greater than or

1 '

equal to ltS own" and 1ndlcated that the ba51n dralned its

R -
volume at least dally. The effect on currents by thlS amount

of flushlng was ev1dent. The funnelllngfactlon of water en—

v

terlng from Conceptlon Bay and 1ts 51phon1ng 1nto the channel

o

toward the east ba51n produced strong currents at certaln;

gpages of the tlde.“
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: Appendix 2 ', o ‘
General list of blota known to occur in Long- Pond, Newfoundland.
Suffixed -numbers 1nd1cate source of record numbered as follows:

1l = Christie (MS 1966), 2 = Kennedy (MS 1964), .3 = Acreman (MS
1964 4 = Chrlstle “+ Kennedy, 5 the présent study.

Coelenterata T . Pygospio eleqans- 1
Hydrozoa _ E Eteone heteropoda "1
Campanularia s 2 | Btcone longa -
=ampanu.a p. Eulalia viridis 4.
. x

Nemertea ghvélodoci mucosa i
Cehpalothrix linéaris 1 .zhchone elegans

- — Polycirrus phosphoreus 1.

Cistenides gouldii - 4

Mollusca - ., :

Amphineura . Nere@s virene '4A' S
_ ‘ - ~Nereis pelagica 4 |
Ischnochitin ruber - 2 : - Nephtys cacca : 1 D
: - ' >  Polydora (gracilis?)?2 _ '
Gastropoda R Lo Arenicola marina 2 T
C . Pholoe minuta 1

Acmaea testudinalis
Littorina littorea
Hydrobia minuta
Narsarrius trivittatus 5

Phyllodoce maculata ‘5 ,
" Polydora websteri 5
Lumbrineris\ fraqilis 5.
: Amphitrite sp.

[ SO RN S

*Littorina saxatilis 5 R
Lacuna vincta 2 C o ‘gigsiitgggae o gﬂ -
Buccinum undatum * 2 . Mald ;dl , -\ 2"
Lunatia (heros) 2 o aldanidae )
Puncturella noachina 2 L/ _ .
Lacuna pallidula neritoidea 2 Arthropoda
Margarites helicinus -2, : Crustacea ' ,
Nudibranchiata 2 . o . ]
Pelecypoda '~"_ ' IR \Cyclop01da o 5 . V
art Harpacticoidea 2 - ‘
Crenella faba, - 4 Cirripedia . .
Mytilus edulis . 4 . Balanus balanoidest 4
Solemya borealis 5: S ’
Anomia simplex 1 \  Cumacea . .
.Anomia aculeata 1 e r!
- : D astyli's rugosa L S
Macoma balghica 4 o, S == L g“' : .
Hiatella arctica 4 Amphlpoda
.Mya’ arenaria .-, -4 7 ' Lamprops fuscata 1
, Volsella modiolus / > . " Phoxocephalus holbolli 1
Cerastoderma pinnatulum 2 Gammarus lawfencianus -1 .
Mya truncata -~ . 2 - DPhotis reinhardti = -~ 1 :
Serripes groenlandicus 2. . . Tschyocerus anguipes 1 .
Clinocardium ciliatum 2 . * Dexamine spinosa 1
PN -
. - : . Mondculodes tuberculatus, 1
g Annelida A . Corophium Bonelli L.
Polycnaeta , o Caprella septent;¥9nalis 4
Lepidonotus squamatus 1 - Calliopius laevisculus 5
' Harmothoe imbricata 1 A Leptocheirus pinguis _. -5
Harmorhoe éxtcecnuata . 1 S T c ¢
Scoloplos armiger 4,5 . o o o - "
Scoloplos acutus & 5 " : L S .y
'\/"“ / o Ve . . . .-s ¥y



* . Cancer irroratus

149"
’ Decapdda'

Cranqon septemsplnosus

NN

Pagurus acadianus

Invccta ,:" ) : ﬁ
) Crlcotopus sp E

Echlnodermata
Astcroidea.

" «Asterias, forbes1 AR N
.Asterias: *vulgaris - - 5 .27

v,

.Echiﬁoidea
‘Echlndrachnlus parma . 2.
-~Stronqylocqjtrotus droebachlen51s 3, 4

Ophiurcidea’ WLy
Ampliipholus squamatus .5

.Amphlur;dae~ . o 2

Cyanophyta
Cyanophyceae'

'Schlzothrix‘sp.”'.-‘i 5 ef;q,“.,f‘

" .Chlorgphyta ”
" .Chlorophyceae

L
’

NE R ET AT I

: Monostroma sp.
Ulva lactuca ™ =~ =~
Acrosiphonia a¥cta...
‘~Enteromorpha  sp.

Phaeophyta

-Phaeophyceae

Laminaria sp.‘ S

Desmarestia. V1r1dls ‘ 5

Sphaccélaria. sp. -y
5
us
5

"Ectocarpus siliculosus

Dictyosiphen foeniculacet

Pilayelda-littoralis
-;Polysiphonia-flexicaulls 5

-5,

.o
Spermatophyta T
Anglospermae
Zastc:a.marmn S
SCeruS»am@rlacanﬁS'g R

o . A , n N
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'Aﬁpendix 3

List of fauna known to’ occur 1n Conceptlon Bay, Newfqyndland.

List is abbreV1atcd and general 1n nature,. ' “
Coelenterata oo A i .Harmothoe imbricata .
: . Nereis virens R
,"ﬁétridium dianthus . =~ - . Nereis peclagica oo
" Obelia geniculata | oo . . Amphitrite affinis
. Halocynthia pyriformis . Polycirrus eximus
o o , Co c Cistenides gouldii
Nemertea o : S - Fabricia sabella
Cephalothrix linearis - . - Eusyllis tubifex !
A - . T ] ' . Arenicola marina
“Mollusca . ' R Ophelia radiata .
-, Gastropoda . .. ) S Scoloplos armiger

¢ -Myxicola infundibulum
Spirorbis borealis
Nephtys caeca
Euchone eclegans
Pholoe minuta -
Syllis,gracilis -

z Puncturella noachina
‘Acmaca testudinalis
Margarites helicinus
Lhcuna pallidula neritoidea
Littorina 1littorea
" Littorina obtusata

] Lumbrineris fragilis
g " g
Littorina saxatllls . Glycera capitata
Hydrobia minuta” - -
Pherusa plumosa
Natica clausa.

. — Clymenella torquata
Polinices heros Aricidea suacica

Buccinum undatum » . . :
- - - Pygospio elegans

Nassarius trivittatn gg a ~ =% o " -
Thais 1apillis . Cirratulus cdrratus .

phaLs e 1aev1gita - ‘ ) : P?decaceyla goncharum
ad Cirratulidae

e Sabellidae

. Pelecypoda Spionidae

' !Solémya borealis - ,
lliatella arctica . |’ L Arthropoda R
‘Mytilus edulis ’ '

Mya arenaria . | : , Crustacea e
Volsella modiolus c . Cyclop01da
Crenella glandula .| .° . oo Ciiripedia

Macoma balthica o i
Placopecten magellanjycus
Anomia simplex

Balanus balanoides'

7

Cumacea
Anomia - -aculeata :

g Diastylis rugosa
S}spula polynyma- y = macrocuma
2irfaea crispata . "“
Clinocardium ciliatum ISopoda

PO ‘;\ c - . Edotea montosa
ASSiiiﬁiee;' L N Idotea balthica
: ﬁb_ " Jaera albifrons:
ngllodoce macﬁlaf } \ )
Phyllopdoce: mucbsa¢ . - .
Etcone longa 7 | ' ' Amphipoda J ,
_/'LLcone trilineatal f o0 + Jaera ischiosetoda .
‘Eteonc\heteropéda? *  Phoxocephalus holbolli

R T 4

Fulalia viridis : ‘ . o Amphiporeia lawrenciana *
l.epidonofius squamatus:' o < Amphithoe rubricata.
Harmothoe ‘extenuata _ - Calliopius ‘laeviusculus

Unciela irrotata
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h . ’ :u 'f . } AN ' ' . S, N I
Monoculodes tuberculatus- ‘ R "Chbrdata )
. Gammarellus -anqulosus o -7 Pisces
hium bonelli ‘ . .
’ ;OZ§gln1)sonn1 LR Chondrichthyes S
RIS 4 Lo ' Raja radiata .

Ggammarus oceanlcu%
- Gammarus lawrencianus
7 Gammarus. obtusata

- Raja .ocellata
. Myoxocephalus scorplu
Myoxocephalus octode01m~

Gammarus setosus - N Y
Gammarus ducbeni . - S pin -
Caprella monocera ' S .Pseudoplcuronectes americanu:

Stichaeus punctatus
Ulvaria subbifurcata
. Pholis gunnellis
Macrozoarces amcrlcanus
.Anarhlnchas iumpus ’

Jassa falcata . R

TSchyoccrus anguipes: C
"Orcheutia platensis

“llippolytidae,

SLegocephalldae

. ‘#." .
Decapoda’; R _ : '

3

. IR

H

randalus montaguii N , 4 L

' Paqu;usbacadianus P -.j, N R

.= Carcinus maenas. . R . - L Co e E

} Cancer irroratus e s Ly - N Sl
-+ Hyas araneus : o : ~ g c i

Homarua amerlcanus

”

A e

ifEchiﬁodermaté' TN . . g . L o |
Holothuroidea  \ = - S . : Do ek

L) N

. Psolus-fabricii . RS S
~ " Cucumaria frondosal - : Cm
Chirodotea laevis

Echinoidea / . o Lo U '

Stfonqylocentrotus droebachlen51s L e
Echinarachnius’ parma‘ : - .

Asteroidea ‘ - , o . oo,

-Agterias vulgaris ‘ T o - T

lienricia sanguindlenta’ - B I S R :

. Crossaster ‘papogsus.. .. . - . : S e e

.. -Solastcr endeca. ;,..‘ o S T
‘ "chtasterlas polqgls . Co ~ S ’

*  Ophiueo? {aea : - L o
"+ . -Ophiura robusta. . § SRR . - '
Ophiopholis aculeata =~ . . = .- .. ‘ ’ ‘ o .

- e . o . . . . . P

» 4 .

.
=¥
E<3n



- . N . ! )
B Pt - . = 3 . ) ~r v’
- R . - - - - AP T '..v. = 52 - ¥
¥ - . . % ' § ' o \ ‘. L
. @ N | . i R N s ) -
o o - - § ) 0)5 ~ <
. A . ~oc, » e
e - - - i W om &
S . ) P om0 .
o omsgzoraed o SRR o : U hdo
mwmumum Jo sidqumN I -we~swnem . . - . TA vo -
. - : 1 . BoUEm Lt - foan N
..m:. e - . - . .l‘ - » ..S a 0 . L
o B n BEd & 4o Lol g A S - -
B h w mNNO B . 4 C: 0252 0 o) . ~ d.B - A . L
. mﬁmuvﬂ (FPUI JO SIIQUAN ‘& MOWNM | ~ . g & 0 el
: k. - T W R ‘" T ¥ B . s
: - . y BT} ; T O @O N : A L/
& e 5 . uﬂ.nwa:wﬁ ﬂo.ﬁﬂ.ﬂum o > . . 2 - nn
. Sl P R . ) SRR, & -k - :
r . 5 o< . . -~ e N - - - ‘ Td o e
. , : : . = . R - R
) 2 - ¢ » I BT T = | = Y
' - ) . ... S -5 . .
Al . - ¢ o 3Z O : ;
X . . 2 vM u ..Muo . S
T mNNo. zad F . m o B R , - ? 4 H X o 0
mmmummm wo mumo..aﬂz H NN OTNONHMTTONNSINORNO NN B .
(- - e i v w3 .
; o : ; o MG B
., . . . : s, T i O Y o o s
8, *. mr €zzg* asd OSMNNANBINONNBOONNROaRY o W EES "
= mﬁwnwﬂ IPUI Fo szequn Iy U oMo NT o NOHANNH . e, o 038 ) <
L L ¥ =~ " P T s g B .
) \.n‘. ) .. " £ B3 g R s Y -t ..M 'Mnb i .
Z9QRNN. WOTIBIS - B . MonmNRarMnns~osrH OISR NO - | 25
. .A. N--UoT3 um..m AHHAANNNNNOOm s | T2 2 %
T . o . . + 2k vl I H : 3
S AT HoTikae T, MeMVVLVVAcaNNBOHT ; cHZ o
) - AEV: u..mummd.u.ﬁnol-ﬂ.um“w ) - e & e © 8.8 a- e @ C\w . --I.M/.-.&--ﬂ‘ 1“4- —In w .lnnh -
g EE g -y . . ¥ 455555555566667../71,888 e T »
ol ¥ - ) > . 4 : =] .
. " z e
. ) PR n : : N : .
» 2 o : b i [ e
- [ ) m p ¥ :
h - i ) ! -4 - ‘.%:.. m = A 2 :
i , \ 3 - v s ru .
S . - : N o o : : i
. L o W BT P ,,‘ & By . ’ ’
= ....u. . ot . E -.,. N AN - N
y i ’ f...v.. c- . |
. s - ¢ - .
= . e .’J-lhgsu\tl - 3
- - ..M\.J ) : ' N ' " h - e I 3 . -
D f mfu. 5 . e ' ' ) u... - " ‘ <
i . [} 13 - 1 K £ ’ .-.-. -



v

porifera

Halichondriajpanicca
Cliona celata
Polymastia robusta

Coelghtopata
‘llydrozoa P

sertularia pumila,
Clava sguamata ”
.Laomcdca dichotoma
'Laomedca: longissima °
Campanulina laccrata
Tdbularia larynx

153

.Appéndix

2 sList of faﬁha'knbwn to occur at BrandyCove, N.B.

supcrciliaris

Bougainvillia

Scyophozoa

Obelia sp.:

'Aurelia aurita.
Haliglystus sp.
Lucernaria sp. .
Sarsia tubulosa '

. Rhizogeton fusiformia

Anthézoa

buva multifliora
.Opercularia lacerata

platyhelmin thés:
" Notoplana ép.
Nemertea-
" Micrura Sp. "_ e
Ectoprocta
Burrula sp.

—_— e .o
Cryptosula sp. .
Sachizoporella sp.

-

Bréqhiopoda

-Terebratulina sp.:

Méllﬁs@a o e
Ampbineu;a'

Tonicella. marmarea

Y

-

5

A

° »

-

Ischnochltln rubcr

Gastropoda .
Buccinum undatum
Colus stimpsoni -

. Littorina littorea
Littorina saxatilis
"Littorina obtusata
Lunatia triscrata

~Lunatia heros
Lora 'sp. :
Neptunea decemcostata
Thals lapillus
Cingula aculecus |
llydrobia minuta

. Lacuna vincta _
‘Dendronotus frondosus
Acanthodorils pilosa
‘Acmaca testudinalis
Pelecypoda’

, N
Nucula tenuis
‘Mya arenaria - -

Yoldia sapotilla e

- Mytilus edulis -
Nucula -proxima
.Macoma baithica .
Cerastoderma pinnatulum.
Solemya borcalis
Anomia apuleata |
Zirfaeg crispata
Placopecten magelllcanus
Nuculana sp,
. Volsella modlolus X

REEEY

€

Annelida
. Polychaeta
Nereis virens
Nephtys. incisa .
Clymenella torquata
PoIydora sp.
Eteone longa
Glycera capltata
Lumbrineris Iragilis
Eteone lactea
. Terebclloldes stroeml

o



A

L
BN

.

_Arthropoda

o

~

‘Diastylis sculpta.

‘Lipinia emarginata

\

154

Cistenides gouldii
Pygosplo elcgans - .
Harmothoc_lmgglcata‘
Naincrels Sp. | S
inwlalid sp . - .
Tharyx acuta )
Scoloplos armiger

‘Praxillella gracilis ’
Praxillella practermissa

Glvcera americana
Ammotrypane aulogasterx
Nince nigripes
Cirratulus cirratus
Spirorbis spiralis --
Lepidaonotus squamatus

~Aphrodite aculecata-

"

.}\ .
Coptpoda ’ B

Oithona sp. . -
Calanus sp. - '

Cirripedia .

- : ',l o ¥

Balanus balanoides

Mysidacea

MySiscétenolépié

. Praunus flexuosus . ' . L

Neomysis americanus .
. ' ' .o . ’
Cumacea .

DiaStylis,quadrispinoéus
Oxyurostylis;smithi

Lamprops quadriplicata

!

Jaera albifrons
Chiridotea caeca
Edotea montosa ’ '8

Isopoda

-EBurdorella truncata

‘Amphippda

°

Gammarus ‘obtusatus : _
Leptocheirus pinguis ©

Pontoporeia femorata - co
.Casco bigelowi

Amphithoe rubricata no

Corophium voluntator . .
Gammarus lawréncianug:
Dexamincé spinosa .o
Anpelisca sinipes. | . -
Monoculodes tesselatus ‘
‘Maera danae . T

.. Melita dentata . ’ o
Caprella linegris
Lafystius sturionis
Stenoplcustes . gracilis

Anonyx - nugax .

.8yrrhoe crenulata L T
Phoxoceplialus holbolli 7%
Uncola irrorata. - . - 3¢

Photidae - o .

. Buphausiacca’
Meganyctiphanes- norvegica

- Decapoda

Spirontocaris spinosus
"Pagurus acadianus
Cancer irroratus . -
" Homarus americanus .

Lnsectéﬂ : -'-:
Cricotopus (varighilis?)
. . t - B .

1

_Echinodermqta
Asteroidéa -

.. Asteris vulgaris _
Asterips Iorbesi < om

.Crossaster papossus

5 G

- Solaster endeca - ) R

- 'QphiuroideaL

Amphipholis ‘squamatus
Ophiura robusta . .
Gorgoncephalus arctica

9

1

_ Echinoidea

Strongyldcehtrotﬁs droebachi

ensis

- L .
‘Holcthfjroidea — -+

cucumaria. frondosa S

°a

£ e, I Y

T

il



- Chordatas-"' - . . . -
“Urochordata’ e S
" Molgula ‘manHattensis.
-~ Halocynthia pyriformis
: .Boltenia ovifera .
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e

General list tf algae khown .to occur at Brandy Q0ve,N B (1965 7%9

QZone A (High Intertldal zone)

D b
av.

Rlvularla atma - e
“"Enterpmorpha micrococca °
‘Fucus -spirxalis . ,. =~ ~
Ulothxix flacca ' O
Cladophora sericea . '
Ralfsia’ verrucosa
Dumontia incrassatd
Hildenbrandia prototypus
Porphyra minutdy -
‘Lithothamncae o .

<

<, . ¢

¢ Zone B (Mld 1ntért1dal zone)
Pucuq ve51cu10°ns
Ascophyllum nodosum
Entcromorphd linza T
* .Enteromorpha intestinalis
Enteromorpha’ prolifera

* Gomeontid polvrhiza

“Elachistea fusciola U

Pilﬁyella littoralis )
Choioocolah po]y51phon1d
Polvglohonla lanosa
Ulva Sp.

B

Y ) .
1wty R N

Monoeroma grec1lle1

Zone C (Low“lntertldal zonc)

Pectalonia fascia
chL051ﬁhon lomontarla
‘Ceramium rubrum = .

Q Achrochaetdum' sp.

" Lithot
RN

f’n!ﬁ%hrJ“

.Chondrus crispus

Rhizoclgnium tortuosum ..
anqid scopurpurqa
Sponqpmo pha arcta:,
-Phycdodrus rubecnst, :
Chorda "tomentosa * - - -
(flacca)
Pol9siphonia unceolata

. Rhodymenia palmuta
:Dlaggmacea

Subtidal Zone D
‘ Ahqfum cibrosum

Ia -

. Desmarestia viridis

‘Phyeodrws rupens.
Plumaria clegafs
amneae

Gigartina stellata . . .

N\ - ﬁ \j

Y EY .‘ 3 ’J'E," ' )
R Y . .
156 : o
1Y
‘\\“‘ N S W

-

[}

- Geﬁgral Locatloq\/,,~\*_,2

. =in 1rregular ban& at top of Zoné€
'.-below Rivularia’ and w;th Fucus spp.
—mixed ia Wwith E. miccrococca ¢+ . -
—hlgh Aintertidal in- early spr1ng,=
in pools,.upper 1ntertt1dal

TN

a
o

\..j . ) - .
‘ ~throughout 1ntertldal ' ’
.u=—dom1nate§ r, ve51culosus 1n mldﬂle
of zone L

,}growxng 1n certaln freshvwater treams
i "o . ,

n* . . L1} L1

e
";w

Iy

e -
A e -'-'_
st

c’:

weooo " fn o, oft ’ "
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) ] Tcrih po— = Houv iy Houan: . Deptn ]
Typa ‘Date -~ spenr Tidal St. John's span. Longe Pond Long POnx *span lolyrood
tide 1972 . (fog&) phase expected - IHr, ilin. _expected ebserved !r I\n o (feet) ~pected
. - Ao~ : . . - i , s ~ .~. \ . R - .
fteap. ~"1.11.1.6-3.7 Flood 1015-1635- 6 29 1039;1649 1013 -1700- 2 E e EL 1. L1043-1703
oo e (1 .E’t).-“ . ! - 1.~,<:~_.:.--‘- i A .- 9:‘!*7.,"‘ ) (2'3)‘ o i . - .
- Heap 2,17 147-2.8 Flood 1115-1725 6  T0-:71129-1739 1100 1/an‘6 "35-]2;7<ﬂ.9‘ 1143-1753
. . - (1.7)  « - b o o " (2:2) -
“lleap - ©2.11 4.9-1:5 Ebb . 0815-1450." 6 35  0829-1504 00'30 1335: 6 45 6.1-2.4: . 0&{‘3 bni’i
T . (3.%8) ) R . ’ L . - ’ (3-7)“f\ Co
Spring 22.1% 5.2-.6 Ebb ° 0805-1440 6 35> 0819-1454 " 0824 }423. 6 co 7.4=254ﬁ 0&33 ISOU
e (a.60 o S 5.0y
. Spring 23.11 .8-4.0 Flood 1525-2115 5 50 ”“T$89 21 Q 1525-2125‘ 6 @5 ©1.9-6.9 1533-2143
o (3.2) o e e \\ e A (5 0) ) . ’
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Appendlx'7Compar156n of tide levels and hours of. tidal cycleg_for three Vewfoundland ponts

oL ARIL o MAY o OWNE o TUQUY o AURUST SEPTEWRER  C OCTOBER
"Fullness T cgp ". (PS c8D. LPS CBD _, LPS" CBD . LPS .. CBD. _ LPS  CBD _ LPS CBD-___ LPS
Index. i - . Y P 2 % 079_' 7 7 A\ 7 ‘op z—' o 7 :

471005 s3(5) | 31011 |aea3)| | 31(8) § 133y |- - | 1300 ] 47(7) [.1a42)" [waa(s) | ss(6)|-32(7) 19(3) | 10(2))
'3 (75%) f 40(6) " ‘24( 8) 10(3)7] 15(2) . ;‘19ﬁT)¥ 25¢2) | 33(5) °?(35‘ 1957?' f8(2f] 14(3).| - - | 5(1)

2. (5024 | - - 301y ‘17(5); 15(2) | 8(1) | 27(3) |zs(2¥ | - - | 29(8) | (1) | 9(1)| 14(3) 39(?) 33(7)
1 (25%) ~13(2):u 21( f} 14(4) i8(i)" 15(2) |-.9(1) | 13(1) (1) 14 §~ is(n | l*-_.' 9(2) | 19(3) 1@(2)
N L) | 210 e | 3100 54(7) 'ééc‘e)-‘.zis(zl 13(2) | 36(5) | 36013)} 18(2)] 32(7) | 4307) |, 43(9)

nN

Y

. Loy . Lo
! onthly samgles of winter ?{ounder with feedlng indices 0-1007%. CBD=

Appendi £.Percentage

Conception Bay Deeper ’d . LPS- Long Pond ,Shalloﬂer Ground Actual frequengies;
. . - - in brackets. . 5 _ . . . .
' e . < N ) .o 157 *.”j -
.o . ‘ S

-~
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: Monthly °tomach lists of prcy cdhsumed by Long Pqu and Bay floundcr.
" APRIL:PREY LIST (NFLD ) |

Lonq Pond - 3 B - y
Species Name - Wet teight % Uct Wewgnt Frequency % Frquency Number Prey
, : ' L . ) Occurrence Occurrcnce Items
. ' - N : ,'L~
dereis’ vwcns . 5.2493 12.80 9 26 15
Nereis melagica N : 5.0513 11230 6 18 7
Enteromorpha sp. 4.0579 9.90 1 3 -
" Desmarestia viridis Jd.+839 4.40 3 9 -
Mytilus edulis o 1.1308 2.80 T4 12 12 -
Mvd truncata o : .9621 - 2.30° 1 3 2
Nereis sn. S .9450 . .0 2,30 2 "6 2
Ulva laciuca : o 5660 1.40 1 ~ 3. . -
‘Cistenides gouldii St L5601 1.40 4 12 4
' _,Jg\.j ch'HMP e CoT ’ 4805 : . ].EO -5 ]5 ! 7
Pseu.031euronectes‘americanus- Vo R v o . - ’
(;ggs) . .3856 © .94 1 : K .-
Cerastodorma pinnatulum .~ .2360 .59 1 S 3. 2
Sphacclaria sp. 1621 .35 "2 - 6 . -
. -- Mecoma. b’ltmca L o 1319 .32 2, "6 - 3
.+ i Ectocarpys $iliculosus - L1120 .27 1 3 "
DnyljpggL& maculata ..08%2 .22 5 . 15. 7
Lacuna vincta- ’ . .0821°. .20 3 9 17
—saritothoe  lubricata ow,NMoso - .20, 2: 6 2,
‘Polychacte . .0728 .., 7 1 3° L3
R Oligochacta -~ . .° . .0645 Ewﬂ - .16 1. 3 1 -
£ Polvdora acbsteri .0 0606 Y 15 - 77" 21 13
: Callignius/ Tacviusculus. 0521 12 ' 1. 3 1
Hongstroma sp. . <7 _ - # - .051 12 N .3 —
So]emya_borea11s . -+ .0489 ;.12 ~ 1 o003 1
- ELeose sp. - L0371 .10 6 18- 8
Scoloplos armig —ﬁr Q 0293 . 07 2 6 2
Hydrobia ninuta 0282 © .07 5/ 15 10
- Cteonc longa - ;.0 2 6. 2,
Schizothaix sp. L7 ] o ¥ -
Littorina littorea ., 06 ! L3 1
I1€chnochitin ruber .05 -1 W3, 1
Digstylis rucesa .05 1 3 ' 1
sroarices nelicinus 037, 3 3
veospio gleaans .01 ©1 3 9
jL(QLocneans ninquis 001 1 . -3 1
' aacda testudinalis .00f r ] 3 - ]
' \,_j"—’.—op 55, ' 001 3. 9, . 33
Dabris - . 23 90 / 1 73 -
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.1930 .12 ] 3.4 1
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3204 1
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k"“i\.\.,’)uuﬁ ' - X L0002 1 6.7. -
fecune vinct ' .- 0009 ~2 - 13.3 3
m‘/‘—‘—:.sns c Jm S, T L0003 % 6.7 2
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Dictvosiphon foeniculaccus 7.6256 28.17 3 21.4, -
Scronsylocenilotus. drochachicns ls 4.8908 L1741 1 7.1 - 1
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Llva dactucs : 3.2781 11.65 1. 7.1 Ve
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' - R .
] 4y, -
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Strongylecentrotes ._(_‘j}i_\?:_l‘g;; _gﬁgg. ;;g ‘ _.f i g‘g ]
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» Agc-Length Composition of Winter. Flpunder from two feeding grounds in Newfqundland _:- '

waters. rowth Rate as age/momth to corresponging length. § = shallow, D = deeps. . % Cor e T
1572~ o ' S S ' 3 1971 % e
JRDril ey ’ June - July - “August - Septomber Octchber

' Lena Pond Bay Long Pornd  Bav |I.or?ﬁ Pond Ravy 'Long Por:d - Bay | Lorg 'i‘ ord, Bay |Long Pond Bay {Long Pond Bay

wF MoF N W T HF_ T mr i WP, MF W F % WLF M F MF | MF - MF

12 22 €9 ;. b & 11 29 5.6 76U 122 44 25 16 6 8 1 15 8. 2 104 913" 6 1

ace I RGE I AQe oI roe £ sae £ hoe £l Agqe © - Age £ Bae I Age £ | Age £ Age £ | aAve I hge f

3 ’ ¥ - T

2,0 12 1 21 o2 o2 b2 deaf e 201y | 2 2i 2. b 2
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$107) 4 (3] 4 qAadt 4 ()P 4143 4 (L)L 4110y 4 (2). 4LIS) 4 (1)) 41(6) . 4 (1) Lreyt 4 .(2)
S0y 5 (1) 5| (L} S 5(2) .5 (3)‘ 5(2) | 5 (2)) 51(14); 5 (1)| S5|(8) | 5 (5)] 5[(6) | 5 (7)
6 (8] & (7} 61 (4)1 6 (10py 6! (3) 6 {5}t & 6 (L)) 61(7) ] 6 (3)] 6/(N}| 6 8,(8) | & (2,
7 L4) 1 -7 (3 7L (S)Y] -7 (5)) 7 () 7 (1) 7 7 B 7 7 (5) 71 0 7 (3) 7{(4) 7 ()¢
g} (231 2 (1) s 4.8 (2); 8 8 (13} - 2 8 . B 8 (3) 8l (2) | ,8 (23 31{2) 1-8 (1)
SRR B EE 31 9 9 9 9 9l (L)} 9. 9 9 (1)
10 £ 110 10 {10 (1)} 10 10 19 10 10 10 10 10 10 10 (1)

'i : | as (7 - ' ~ :
o < { o : : — .
appendix 10 Age—Sex Composifign of Winter Flounder from Newfoundland feeding grounds. )
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Cla_ss&fication, kKeys used in the identificati®n of prey of winter flounder.
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Abbott, N.7. 1954 I\merlc'dn Scashelis D.Van Norstrand TorOnto. 541 PP.

c,ho:e. Colllns Cleal Type Pre s. London. : , \

A . . -

Barrctt', J. and Yonqe,' C M._ 1970 Colllns Pocket Guide .to the gij

Dousfield,]S.L. 1960 Canadlan Atlantic sea shells. The Quedn-:;@ Printer.

Ottawa. 72 ppg,Y . )
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