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| ABSTRACT = =
N ’ . ’ . - : ' \ .
' Investigation of éhé seasonal and daily‘movements of sgme

shallow water benthrc marine specxes in a small, rock bounded I

'~”gu1ch" of varlable depth in Logy Bay,’ Newfoundland reve\}ed

'that two spec1es of’ sculpln, Myoxocephalus scorp;us and M _ o
o ’ - ’

. octodecem§p1nosusfwere.the most common fish inhabltants of the - ¢
| ~ N . . ‘ - .

‘ ! ’ ° . o .
area. M. octodegemspinOSUS.dominate¢ the area's fish:fauna
. [d . B

duxing'the’eummer'nonths. Alfhough E, scorpius was a,year.rounn .
> o TN

inhabitant of the area, its population‘was greatly decreaéed in .~ . By

~ e R .

k@he winter. Analyses of dlstrlbutlon patterns for these two.

speC1es 1nd1cated that M. octodecem§p1nosu5uranged through the

depth gradient of the gulch and occupied various tyﬁ%s of open
-bottom‘terrain. M. sborgius was more. cdmmon/in‘the lower reaches"

L

of the gulch and was associated Wlth cover throughout the summer

I3

months : Thls cryptic behaviour sub51ded during the winter months  z°

-

‘ subsequent to the fall emigration of M. octodecemspinosus from

»
.

the area. o C v S

. @
K

Stepwise multiple regression and correlation "analyses of the’

L]

rumbers’ of M. scorpius, M. octodecemspinosus and Stichaeus A

punctatus per unit area suggested that, of the physical and . A o

bioloéical parameters examined, photoperio& temperature and the . ‘;. _ '.u A
@ ) !
degree of water movement were correlated with-the abundance of

' a

: these benthic flsh spec1es in the study area. Llneer prediction/
;}m

s of abundance of M. 'scorp1us M, octodecemspinosus and

\.
- S, Eunctatus per un1t ‘area aré presented ‘Deficiencies of’ these >
. 4
L d . “ o s ,
models are d1scussed S0 o ' i B
. . - ] -
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' f i M . C '

o

Observations of M, scbréiﬁs and M, octodecemspinosus at night
r B — . . - - P _-_g

©d L suggest intersgecific avaidance by feciprocal’mpvements into and

out of. the study area at dawn and dusk. The numbers of M. écorEius

i

n . present'in the study area decreased at dusk éfd[increased fgain
- "= ! Loe e o L At .
at dawn. ' . T e e

P -
1 . ¢ ot

: i~ . . " .'. - .. . ’ - - ..
Pseudopleuronectes americanus was abundant .in .the drea from

. 7 late May to September. A dense aggregation of P. americanus .

f ¢
’

:pbéerved after dark in late June is degcribed.- - C

~ .
° . . .

'

Times of immigration and emigration of Limanda ferruginea, .

. . i
. . . . . - ~ ' 3]
¢ M . . . . g
were similar to those.of P. americanus. S
el shdeduehadl 2
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o INTRODUC:I'ION
[} : Lo,

gf the many marine habltqts, those of shallow water communltles

KoY
. ¢

are among fﬂe most accessable. Although spec1es diversity 1s

)

characterlstlcally low in subarct,lc habitats (Paine, 1966; Sanders,
) B ‘st . 4

. : N e, : ) -
1968), abundance of individual Species near sh‘ore‘ varies greatly

Ab.o'th seasonally and dai,'ly. Low species diversity in the cold

.
,

waters of eastern Newfoundland is of value to marine ecolog1cal

<=
g .

. studles“ in perm1tt1ng concentratmn on a few species. w1thout the

. e

compl1cat ng 1nteract10ns found amonga more d,1verse <communities.

,

- The present study descrlbes seasonal and day to: day variations 1n

»e

‘factog“ﬂ\at W be associated with these variations. .

to SCUBA. - <

. -
! -

distribution and abundance of some inshore benthlc £ish and evaluates

. v

Associated with the appraisal' of seasonal and daily changes

: » . ' | .
in distribution is the question'of how large. an area individual .
. 1 . . - . ,

‘ . . 4 X 3 ) ! & > - 0
fish cover in their movements. Among the inshore marine fish species)

are individuals ‘restrictegi 'in their movements to a small .geographical

s L]
U

area orrafe they transient in such are%s?

~ . . ' r
-

Questlons of populatlon regulatlon are, greatly facllltated
- o

by short food webs: Such food webs are common 1n‘arct1c and sub-

\ .

P . . T

arctlc marlne énvironments (Paine, 1966) One ob]ectn‘ve of this,

Y
o G ~
research was to determlne the extent to whlch shallow water benthic

‘

.. fish species prey on.‘one another. Another objective was to _ -t

- . “" . .

investigate other possible means of pépulation control amorg benthic -
flsﬁ spec1es. Lo o .‘ ‘ o
ThlS study uses SCUBA to obserVe benthlc flSh in the1r natura‘l

habltat and concentrates on spec1es whlch show "o apparent aversmn‘

R R ] -
-

P
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ToA

perimeter.

' Study Area" -

-

" by wh1ch" access is gained to Logy Bay, is Dyer’s Gul‘ch

5

was lised as _the maln,yudy area. " .

3

ﬂ

‘ Th1s< gulch

»

>

~

The depth prof%l of this gulch ranged from approx1mately two

metres at its shoreward or1g1n to a depth of 22 metres approxamately

170 metres seaward .

substrate in -Dyer's Gulch varies from'boulders interspersed with:

L]

-

‘\

about 100 metres seaward.

wgravel within the first 70 metres,

o -

-

Vd

1

At a d1stance of 80 metwes seaward from its -

. . . - * J .
origin, the depth suddenly increases from.six to ni‘ne metres.,

The

to a cobblé plateau beginhing

This plateau is not homogeneous for the

¢

L] o

- entire width of the gulch at this pomt (40 metres w1de)

P

_‘'narrow belt of boulders runs séaward along the southeast gulch

A"

This érea tontrasts sharply in appearance wlth the \

!

Immedlately adJacent to the Marine Sc1ences Research Laboratory,

-3

c0mparative regularity and smoothness of the cabbles of the plateau.:

)

'

The depth of thls boulder belt is 0. 6 metres greater than the - N

A

‘ plateau for 1&5 initial 25 metres. A detalled descrlptlon of the T

- « !

\scubmarine' ehara\‘cterj:_stics _of Dyer's Gulch 'is given by Himmelman

(1969)’. 'I;he study area was‘ subdivided into sampling sfftes according ‘

v

to dlfferences in depth and ‘type.of - substrate (Blg :
»

.

To fac111tate research on moveéments of benthlc sgecles from'

’

Dyer s Gulch\ to per1pheral areas, add1t10na1 observatﬂons were made

£ S

1n Logy Bay at var}‘lng dlstances from Dyer' s Gulch (flg T) A 'I'he’se,

areas were chosen vaccordlng to their accessab11 1ty de proxlmlty to

Dyer 3_.5 Gulch.

s
Sedetadale Tote Il g

L.
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Benthic Fish §pecies . = ° LB

_'{‘Himmelmah (1969).cifes Eevergl fish specie; as ‘being common in

- — ¢

Dyer s Gulch. For convenience, these speties are divided into two

o o

size groups. Largef'speciés (ie. total length greaté} than 20 em.) »

.include the adults of lumpfish, Cyclopterus' lumpus; winter flounder,

—

Pseuddéleuronpctes americanus; longhorn sculpin, MYoxocqphalus

+ \

oétodeg;mspinosus; éhorthorn\sculpih,.M. scorpius; and yellowtail
3 . - ’ o

. N 8 ¢ , . . / . .
.flounder, Limanda férruginea. Smaller species include.arctic -

-

1shanny;'5tichaeus puﬁctatus; gqﬁiatq? shanny, Ulvaria subbifurcata

. ‘ N

and sea snail, Liparis.atlanticus. -

L3

.
'y

e c et

e
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Figure II. Reliativ'g ;;OSitions‘of L w
sampling' statiqns in.Dyer's Gulch - :
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(50 m.) was eqtablished horizontally on the bottom in site c aﬁd“_x

- the smaller (20 m.) in similar manner in site a (Fig. II),. This

— METHODS = . 0 - %
Species Enumeration e S

Dyer's Gulch is well ‘defined by rock outcrop inclosing an
s T : ' - oo
area of about 6,500 square metres. The larger, easily observed
benthic species, could be surveyed by s&immiué a constant search’

o

pattern through the study area at a distance of one to two metres

«

above the substrate., The search pattern was‘accomplished by two

" divers ewimming.side by side out orfe- side of the éulch and -back

in on the other side, -thus describing a "U". C /

¢ -

Investigation of the smaller species necessitated detailed

inspection of the substrate and therefore the use of a smaller

.
e

"unit of sampling area. Accordingly, a.portable, dexion, square

quadrat, measuring one metre per side was used to delimit the

.

_.-substrate area to be inepected{ ‘The positions at which the quadrat. L

was placed were deterh}ned by - measured transects. Two transects

of braided, 6.3 mm. dlameter polypropylene rope were marked - at ten

—mademe e

1 )
metre intervals in the laboratory The longer of theftwo transects;

———— .

LY
resulted in six sampling stations in the former site .and.three in ._\Q/A\\\\

. the lattér. An additional station was chosen in site a. ,This

statlon (#10) was selected on the basis of its be1ng well defined
\ - IA
by surroundlng boulder and c11ff The 1nd1v1dua1 sampllng stations

were not random but rather f1x from one observat1on perlod to ’ ,l
. :

-another,  This procedure was de51gned to facilitate’ documentatlon
vl P2 al e

e
‘I’
f
K1
K7
A
‘
s
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*

N

‘ of‘territoriality and/or restricted movements of individﬁéls.

S

)

The tﬁovtpansects.were anchored by tying the ends to boulders’
T : - . ; - >
.and wéighting the intervening length with rocKs. For each transect

. .
. //” .

the exact position: of the seaward end ‘was chosen according to the

. availabiliﬁy of suitable anchoiing"bouldqrs. s

Whenever possible,'counts,were'tak9£ once per week from ear%xﬁ
. . » / " 3
‘August to late November, 1972 .and February to December, 1973.

.

Iﬁgging -

-

The larger species were tagged to enable individual rec
. -t ' ;' . -

. .

’

ognition.

Dart type tags manufactured by Floy Tag and Manufacturing Inc. of
! ctu . .

Seatfle (Type FD-67.. Anchor tag #20, 5/8 inch bare‘monofilament)

were uﬁed.\ All tags were permanently marked with a fiverdigit number

. >
i -

in consecutive series by the vending company.

'Hish~for tagging, from Dyer'sﬂGulch;.were captured with a hand,

net and removed from the water ‘long enough to allow them to be .

'meésuﬁgd and tagged in the dorsal musculatyre of the left side

(right side‘for flounder). After tagging, the speciﬁgns é%?e.releas?d

.
3

at the slipway (Fig. IT). § In making aﬁ'observation, the‘relatiﬁé
. J . .

ity

pos&fion of the fish and its.tag number were recorded on an

upé water slate. “Tagéed‘ffgh were not recaptured 'during the study

o)

/
/ i )
with the normal activity of the fish.

-

Tagging opegafions did not follow a rigid schedule. Instead,-

AN

per’od:““Thié:aVoided»pccidiytal“removal of the tag and interference

tagging was undertaken subsequent to any dive in which more than ten

< e

_individuals of a particular species were récorded. .A total of 265

- A . X . /. . . L

T

i



longhorn and‘132 shorthorn ﬁene tagged. . Co - a

Sonic transmitters (Smith- Root 'SR-69) were use¢ on six
1onghorn and three shorthorn sculpin to provide morﬁ exten51ve

information _on movements of indiVidual fish. These sonic tags ;

were usual \mplanted in the stomachs. One experiment was

. 4

undertaken in which the sonic tag was 1nserted Surgically, 1nto :

[ 4

the bgdy cav1ty.-1qu this experiment, antiseptic s 1ca1

" ‘techniques were used in the laBoratory ong tyo anaesthetized

longhorn sculbin.'“K‘Small,'hid-ventfal incision was made in the '

vicinity of the pelvic fins. The sonic tag was inéerted in one’. .
- ' -

spec1men while a plugged and weighted pla$t1c centrifuge tube

was placed in the other spec1men Both incisions were sutured

* The ° specimens were given an 1ntramuscu1ar 1n]ection of pen1c1i11n '

- 4
(Dera;?n-c. 0.1 cc.) and placed in holding tanks to recover.

Both specimens werq.alsb,taggéd externally to enable individual

recognition. The sonic faéged'fish was released at the Slipway )

N Ve . . ' P
° . .

approximately 20 hours after. the operation. S ’

A third method df.tag-placement involved attaching a single
barbed fishshook to a sonic. tag and sewing‘thé'hooked tag into the

abdominal cavity of a égplin._‘Thé caplin was, then taken to the

study area'aﬁduoffereq as food to a préviously marked fish, This °

‘final teéhnique had thé advantage of not'requiring any physi?al——uﬁ

-

human contact with the experimental ‘specimen.

i

Two. .types of hydrophone were used to determine the p051tion of

the sonic tagged fish.. One hydrophone (Smlth Root UL-74) could be .



. caréied by a‘diver. . This recelver was used to retrieve sonic tags

underwater. The. sécond hydrophone was used from a surface vessel

o

to, gbtéin the relative position of the sonic ‘tagged subject." This
second. hydrophone ‘was designed. by Stasko and Polar (1972) and was

built by the Department of Technical Services of Memorial

"University of Newfoundland. - v

A total of 49 1onghorn and 28 shorthorn from areas per’i'pheral_
to Dyer S. Gulch were marked durlng the summer of 1973. Fish from .

aréas A and B were *tagged on two separate dates for each area.

.

Fish from area D were tagged on only one occasion. Fish'from area ®.

1 - .
i s

A‘were tagged and released' at the su,rfa-_ce'in‘ area A on the first ’

. y tagglng tr1a1 out51de Dyer's Gulch Subsequent to this, ‘fish t ged

“

i B
in ‘areas other than Dyer's Gulch were tagged underWater -At suc

' -

T © . times, no measurements were taken.

F

One to three sc:.ulpin 'speéi_mex}s were. selected, irregularly, from
among the Dyer's Gulch fish fauna for analysis, of stomach contents. .
) 'The emphasis on behaviour in this study prohibited the removal of

121;‘ge numbers of fish. Aécord}ngly, the em tic des.cribed'b).r Mafkus

b

(1932} was used to obtain stomach contents. To determine the o
L) [} ..
, @ffectiveness of this solution, the stomachs of 4 few specimens were
“\ . . .

o " ‘examined after sufficient time had passed for the chemical to act:
: ’ ’ .. : 1 e . T ' o , . .
\ - . Specimens which were to be returned to the gulch.subsequent to

3

. " " the next morning. ) LT

Stomach contents Were prese'm)ed in 1_096 formalin.: They were

use of the emetic were kept in-the laboratory over night and released .



-
s ‘ .
Lo . .
. 0 » e

. examined - to determine the relative atuxndance -of particular food
. & ‘ . - . .

items in tHe stomachs. - S

3

Abiotic Parameters . '

The parameters examined as possibl)? influencing the mO\;ements of

. the fish spec1es of Dyex' s Gulch were: water movements, temperature,

'\\v . 1 .
' radlant energy 1nf1ux, photoperlod preclpltatlon, sa11n1ty and the

ambient concentratlons }f the heavy metals, magnesmm, manganes 3

iron, copper, zinc and lead.
o {
Water Movements . ' S
' - ' ’ . o co0 - ’ ' o
No attempt was made to directly quantify submarine water

: . ) - o . s » '
movements. .Water movement was coded by visual inspection of surface

conditigns in Dyer's Gulch. The code used he*e is the same as that .

s

used in the M.S.R.L. diving log. - .

0 No swell, surface glassy oo . o

-

.1 .No swell, surface with waveléts -~ .~

. .2 -No swell, surface choppy

« L - 4

3 Slight'swelil« (1-3 ft.), surface glassy - -

.4 S'light-swell (1-3 £t .5, ’surface with wavelets

a 5 Shght swell (1- 3 ft.), surface choppy

6 Moderate swell (4-6 ft ), surface glassy

'S .

7 Moderate swe11 (4—6 ft ), surface with wavelets

- 8 Moderate swell (4-6 ft ), surface choppy L

'

The degree to wh1ch submerged obj ects are affected by surface

K

A ,waves has been well deflned as a function of both wave helght and © ..

rdepth (Carstens, 1968). This, code then w111 represent changmg

* '
. . . .

-~
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"<Gﬁ1ch but is not sensitive enough for intersite compariéons.

" Temperature
S @

conditigns of water movément at the benthic community in Dyer's

. N . [ ,
? .
: . . )

. -
. e

Temperature was measured at the bottom using a laboratory
. " -t .

*  'thermometer. Temperaflifé was recorded for stations 1 and 10 and

s f

SdPararens N N ¢ .
was taken in close proximity (2 cm.) to the substrate. . e

1R
"oy

Radiant “Energy Influx e J &

Continuous data on light intensities were obtained from-the

- a

monthly radiation sumhary.ﬁubiished by, ‘the Meteorological Service

according to the "Manual of Standard Pro;edﬁres and Prattices for

»

Measuring Electromaggetic.Radiation'of Atmospheric, Solar.and

i ' l‘ . ‘ ’ ! * N .
Terrestrial Emission.” These data were recorded at the Research

Station of the'Canada Department of Agriculturg\iy{;;st'sf. John's. " -

. 2 . - LT
The unit .of measurement is the gcal/cm . . . ‘ .

.

Conversion,pf these data into values representative of radiant

7

-
el

enefé;*fegeivedxat the‘hgnthic community wés‘achieved‘by usé of the

v

equation: /' - . . ‘ ‘ -

* '.,.. B , -kd ‘ ) ) c e - i N
. ] Id =.I(.)e . . ) ~.
‘vhere |, - t . : ,
K . -4
. ; Id = radiant energy qéCeiVed at a particular depth
. , ] ) .’ L ‘ .'. ) i . . <
Io = radimnt energy received at the surface
. e = base Napieran 1ogaxithm'
k-= the extinction coefficient ' '—.’ “ 
d-=,depth in metrks, 'f ' SRR
. ‘. - i E )
- i ! - B " ) e "‘

N

."‘
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a

Hours during which radiation was recorded were totaled to give daily

. . —

=

P 14 ° b ¢

.‘;" AU 1‘4’.’\: . . -
S 17 : L L

!

The mean depth of each of\the sampling stations was used, in

1
'

association with an extinction coefficient of 0.15 (Clarke and

Denton, 1962). ' T

Photoperiod .

These &ata were taken again from the Monthly Radiafion.Summary: S

.
[

figures.:  ’
Precipitation - BUA o
Measurements of precipitation for the St. John's area were-

taken by the Atmospheric Environment Service at the St. John's

& . g

airport.

- -t .
. N ..

'Wafgr.Samp{ing‘ - R

To faéilitq;e laboratory.determinations of salinity’and.metal
concentratioms, water samples were collected once per week whenever
}pssible. Plastic, screw cap botfles were filled with ‘surface water .

at the sliﬁway, immediately prior to'entering the water. This was .
a:precautioﬂ%ry méa;ure to prevent the bottles being crushed at the

.depth of station one (11.6 m.). When taking = sample, the bottle

"Was evacuatea'using thé.SCUBA regulafor exhaust vent, held upside

‘down until in cloif proximity to the substrate of théjparticular

station; then inverted, thus allowing it to fill. Once the bottle

'
o

ﬁas full of water, the cap'was replaced immediately. ‘Each sample

. was approximately -one litre. : : T

. " .{ - . . .- * t 3



»

, water samples were alternated with

. . Lo o . . . c .
subroutines, stepwise multiple regression-program. . T

. Salinity .. L ' : et o

¢ * ' { -
. . . - A . K

oy

This ‘parameter was determinhed inj'the laboratory with’an American

s

Opt1ca1 T/C refractometet@odel 104 3). Salinity dete‘i'minations on

eadings on distilled water to

8, ) ) ) ) .
assure calibration of the'inst_rument.' Readings were taken to’ the .
nearest part per thousand. =~ - . , s
. / . ~\'~,. e - ‘. [ .
Metalss_ - .

. . - ‘ , . ’,

‘Al 1 mé'tal concentrations were determined accdrding to the

procedhres of Traversy (1971’) by the water ana1y51s facility of

Memorial Un1vers1ty Water chemlstry data have been excluded from
the following discussions but are included in.an appendix.
Data Ailal-)"sis

1 P '\/
»
LR .

Prellmlnary stat1st1ca1 analyses (x s t, analysis‘ of variance)

° v

; were performed on a Wang, 700 serles, Adyanced Programmmg Calculator.‘

Stepwise mu1t1p1e 11near regressmn was performed by an IBM, System .

370, model 155 electronlc computer-us;ng the IBM,\Sc1ent1f1c

4
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RESULTS

Pre{\/}nary observatlons in the main study area revealed two ).

benthic spec1es not documented by Himmelman (1969) C*he ocean or \

eel- -pout, Macrozoarces americanus and the sea raven, Hem1tr1pterus

.americanus were ofserved in Dyer's Gulch on'several occasions “in-the

¢

sprlng and summer. Two wolffish, Anarhichas sb. were noted .in Area

[ : N Y

D.on July 6, 1973, o - . AR
Of the larger spec1es the two species of scu1p1n were the only S

fish on which extensive-information was recorded. Qualltat1ve —;{l

-

information on seasonal occurrance w ecorded for all species.’

Among the benthic fish épéci s which have been designated as
. ) . ’ -

smaller species, adults of U. subbifurcata were Found - to be nocturnal"

and were not seen during day time observation periods. They have

t . , «

been omitted from this study. The presence of numerous young of

the year ocean pout and juvenile.sculpin resulted in their inclusion P

in the group deSignated as smaller .species. Numbers of larger gpecies

given in this-'report, unless otherwise specified; represent only
tagged specimens seen. Total numbers seen during:any one observation e
period are given in Appendices I and IE.’ ) o )

Seasonal Ocqurrance

COI‘EIUS

The shorthorn sculpin is found .in Dyer s Gulch throughout- the

year although only five specimens were counted dpn1ng_the.w1nter;
. - - o ,

"

,_Th;oughoqt January and February, ebservatlopggof M. scorpius were.
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‘., . . -

usually of egg guard1ans. However, as theselfish were'not tagged
due to feared 1nterference wlth normal 1ncubat1on behav1our, the .

identity of individuals could not be ascertained unless the individual
J , : [y

1 was guarding*bne of the known egg masses. All four egg masses

observed were eventuall)gdeserted by the adults and were destroyed

Fy amphipod’s and holoth1ur1ans
ReLJtlve to the number of’ longhorns preSent in Dyer s Gulch .

dur1ng the summer, the/shorthorn was never very abundant bven

durlng their peak of abundance in June, there were never more than-

~ ten shorthorns counted in the study area during any one’obsergation
period. ., » ' - )

v M .
M. octodecemspinosus:* "

’

~The ionghorn sculpin is'a'seasonai imﬁigrant to qyer's'Guch.
:It is.the most abundant bentﬁﬂc fiSh throughbut most of the summer.'
\In 1972 all the longhorn sculpin had emigrated from the main study-°
area by November - 28. m1grat10n, in 1973 took place by October

24. 1In each year there was heavy surf action between the last .

r observation of Lpnghorn scu1p1n in the area and the f1rst observatlon

in which longhorns were absent. Although a 51ng1e "longhon was
observed as early as March 20, 1973, th1s species was not regula?iy

encountered until mid May. Longhorn sculpln began to domlnate the -
s

- . ¢

Dyer's Gulch flSh communlty ‘in number 1n ‘early June.

+ o . &
‘P. americanus -
' a

‘The first observation of winter flounder in Dyer's Gulch in 1973

.
Ay
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- Wwas on May 15. Most ‘winter flounder observations were in the lower ! oo

1) . NN - s
reaches of the gulch’ (S1tes c, d, e) although occasmnally, o :
.'\.’- L} . .
« individuals were found in site 'a. Severdl gravid females werelseen’ s

4
Gy .

v in site c+in late May. Winter flounder were found in the area ™ Y
\until late September. " No specimens were seen subseguent tp October « ..

{ - -
’ * ) t\

14, 1973, The, last observation of winter flounder in 1972 was".o_n T \

0

" * - October 23. ' . " . ’ S . \
' . 4 . \ .

L. ferruginea - ' T . .. - ¢
Yelﬁlewt‘ail' flounder were also qumd regularly in Dver's'dulch'

during the summer months of bot& years of.this. study. Their

p immigration ‘into' the study area was preceeded by that-of winter .

3 ) : ' . 1 . P

N t & . . N ) ‘ ' . & ~
flounder although emigration of both species coincided. . "
C. lumpus “" .

Observatlons of 1umpf1sh were rare.: One speciméﬁ"was tagged"‘ln

t o
o

LY

5,;:he fall of 1972. It was never seen agaln . Two addltlonal spec:unens

'

" were seen in. 1973 .one in June and one in July -Nq_lumpf;,sh egg
!

. 9=

- masses were observed in Dyer s Gulch dur1ng the perlod of this study; | (‘2?

"although young 1umpf15h (@ 8 mm. ) were found clmg:mg to the rock

cliff of site b on July 13, 1973 These young fish were.attached ~ . o
Y :
approximately two metres up from the base of tHe cliff. O ® . : @
) : o . , .. ] . A
L. atianglcus . o T | |
E:htremely ‘heavy. seas 1n Logy Bay durlng early November, 1972,, . ' .,.
| ,exten$1vgiy rearranged the substrate throughout@er s Gulcﬁ . ) . .‘
. , o .
. A . s, A . x-,‘ '
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- Subsequent to thlS, except for 1solated individuals in January, 1973,

e

‘o,

N

t

none of the .smaller ,benthlc species were. seen in the-area. Portable

Ly

u'quadra_t counts were then discontinued until L. atlanticus was noted

* . [
- A

, .in the area in February, 19734 The LiEaris population re'ached a

peaR in‘lipi‘il '1973, then declined.. The last 51ght1ng of a sea sna11

-

in Qbyer s Gulch in 1973 was on November 7.. Many of the spec1mens
obseryed prior to.July 18, 1973 were Hlstlnctly gra’v1d
B A

o e . . !

.U. subbifurcata R ' . ,\' N

. shanny, J.uvenlles appear to be post a¢tive during the day.

' (Green. pers.’cbmm ). The f1rst 51ght1ng of 1nd1v1duals of thls

‘ ) ; .- - .

° .Young 6f U. subbifurcata were seen im Dyer s Gulch ‘in low numbérs

)

m all but the coldest months of the year. Unlike adylt radiated
] .,

L

’ Ao », N ‘ . ' .
o . ~(.' ) ) L T8
Myoxocephalus sp. o o o -
u ~ - ' . L
. Juvenile 5cu1p1n were not common in Dyer's Gulch prlOI‘ to 1973 -

L
’ v

genus in 1973 wa§ 1n May-. They were st111 pr.esent 4in Dyer s Gulch

at the en& of the present study in December, 1973
. « - N ) : o ) . ) “ | 5

> .' -
Macrozoarces;’americanus»;b ) L C

N ) B s ' e - o .on '
,° Juvenile ocean pout were found in the study/ared:for a relatively
[ . 4 A

s [

-~ e
~

short period.” They were first ndted on May 15. 'Iney were not.

* y 1 ’ “t : f w
observed subséquent to .(l;\ugust 29, : - f -

H
. ? v 7

o % § . ) v ' ;
S. punctatus . o ) : e . . )
- - .o R W ) -

. @ P
The f@t year of. this study, marked the first known observation

E

r - -

of adult arctlc shanny in Dyer's Gulch In 1972 the adults were

-

found only beyond statlon #1 in a m1n1mum depth of,20 metres. From

[

-t

XY



the tige of first observation until their d{sappearance (Sept. 21 = =
‘ / ] ’
to Nov. 1), their presence in the study area was not noted

B o

‘Colonliat;on-of all of der s Gulch by adult S. Eunctatus took

place’in 1973.: Densities, however, were noticeably greater_in the

,lower reacheé of site ¢ than in site a (maximum mean of 0.80 vs..
0.25 adults per:square metre). The last sighting of an adult

S. purictatus took place on December 12, 1973.
T, - L. ,
. “\gelagic larvae of the arctic shanny have been.ehserved neak,

shore in Logy Bay in late June,and early July (Green, pers..comm ).
They‘settle to thé bottom at metamorph051s and become plgmented

" &
after which they closely resemble the adults. -

After re51dence 1n the area for the summer months, the population '

has con51stent1y decllned through the fall and reached Zero as early .

-

-
.

as’ November to as- late as early January (Farwell 1971)

During the summer of 1972, random quadrat counts throughout "~

~ -
* . ' /s

the study area irdicated a mean number of juvenile S. Eunctatus/ -
per squaré'metre as high 8.33 Thls density is markediy/hlgher
than that of the fixed quadrat series, used throughout 1973. In

1973, the greatest den51t7'of thls shanny was found /in late

¢ . o i / q . s
September, to'be 1..37 per square metre. . AR -
y;

, Their final dlsappearance in 1972 was abrupt (Flg. ITI).  They

L

were not found in the area after high onshbre winds in early -

s
’ L,

.November., Although onshore winds occurred during the fall of 1973,
e i N . -

s . . . Vi ‘ . ]
water movement comparablg to that -ekperdienced the previous %ear did

not oceur. . - - ER g , _ e
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the sumfer months, shorthorns are often -concealed in crevites or

17

Habitat
M, scorE{us

Shorthorn sculpin are most commonly found in close proximity to
. 0 .

¢

.rock cover although this relationship varies with season. During:

'

ot

‘among boulders. This affinity for cover is reduced during the

winter months, e§peciallyiduring the spawning and incubation
. . / *
periods. In only four out of fifteen observation periods ‘(ten

to twelve minutes each) were shorthorns npted on the open sandy

"bottom of.area B Each of these four observations were of :solitary

shorthorns. , ) o v
L] [ o N - . .

M. octodecemspinosus : o )

A noticable characteristic of the'longhpfn sculpin is that it’

is commonly associated with open bottom te

dimension up to 0.5'm.) to sand. When present in areas of boulder

rrain of cobble (greatest

substrate (greater.thén 0.5 m.) they are most comﬁonly'found on top -

. . . a
of rather than hidden beside these boulders. Longhorn sculpin were

" present on the sandy bottom of Area B in ten ouf of fifteen

observations. In seven of these periods, longhorn numbers were
greater than five individuals.

Smaller Species

LN . o

The quadrat series data of the smaIler'specieé were analyéea in ?ﬂ

6 P ; .
a two-way analysis of variance of species versus quadrat station to

determine” whether the individual stations adequately represented , .

the two sites (homogeneity within sites). .In one out of thirty-two

!

N B . ) . a

A

[

-
y



enel'y'.ses, there was a significent difference amené statidns.witﬁ

respect'to ‘the num'bers of fish counte(:l (F=2.46. P=0. 04) r'-'I‘his
5“ represents 313 departures from homogene1ty per 100 analyses .and@ﬁ

is therefore con51dered not s1gn1f1cant. Homogenel-ty among
S ‘ stations with respect to the numbers of individual species indiceted ‘

AI " ' " » . . . - . » . )
that these smaller species had habitat requirements similar to each

other br that they were all .equally diverse in their choice @f

habitat within the itwo sites. ' ot

Distribution Within "D)'fer 's Gulch- .
' £

M: scorpius . o S : ) - A o
¢ .- Shorthorn sculpin in Dyer’'s kﬂch are unevenly d15tr1buted -
/} . ,.  among the study 51tes (Table I) 9bservat10ns of shorthorns in

sites d and e are so few that they have been omltted from the

e
~

following results. Total f1sh counted each day are glven in
LTI . . R N

B ‘ S "~ in Appendix IT. Data from site b have been excluded from all

..statisticel_calcﬁlations due to the abse'nce' of environmema:al’

~

. o data - for this site (see Abiotic Para.meters of. Methods) Missing «

data for Aprﬂ and September result—f-rom failure to record positions

° - " AR |
v ~ for the shorthorns observed during observation periods in these

R
months:,-
~

A t-test of the mean number of shorthorn in sites'a and c
’ -1nd1cates a 51gn1f1cant d1fference in the numbers of fish m
K these two sites (t=5. 19. P=0. 001) Exploratlon of th1s d1fference'\

Y requires an 1nvest1‘gat10n into the ‘biotic and physical differences

y - K A C i ) N
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: . , . '
between the two sites (see Quantitative Analysis of Site

Association, page 34)..

“Table I © L . .
Number of M..scorpius per study site in 1973 . T
Month - . Site - Total Number of
L a -~ _ b c Individuals Seen
January,, 0 5 3. - 5
February .9 0 3 2 ,
March S 3 3 3.
April- ' -2
- May .2 1 4 26 . 3
.June B ¢ 3 - 11 -29. :
“hly . 11 7 10 18 .
August 0 3. 5 2
September =~ - ' : ORI 3
October ) o2 - 6 13 °
November 0 1 . 7 7
7 3. )

December 1 0

M. octodécemgpinosds ’
ILoﬁgh’orn .scu'l,pin are found in Dyer's Gulch only during the
‘summer monfhé.- Table II'depict's ;ite oc'c‘urra:nc_es., for longh‘qr!_ls". . . .
As.with the - shorthorn \_observati‘ons‘, aate; T'for si.té'b have ‘ been
omitted from all calcﬁlatfons. x2 contingé'néy -anal)'rsisﬁ‘ilndicates‘ ' \
.a silgnificant difference gx2=22.§§. P-:O‘.OOI)' between o;he ‘ a .
l;e.rilodici‘ty ‘of fluctuations in number's of ﬁlong"norl;s' ih sites a
and ¢ although the numbers of longhorns in t}fe ;:wo sites :;t any.-
one time may not be significantly different t;sl.gs; P=0.15).
.Arranéement of ‘data as in Table IIT facilitates qémpari'son of

site preferences for the two sculpin species. x? analysis of the .

1
.
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total of each species™found in the respective‘sites indicates - =

7

no difference. in their relative distributions'(x2=1.30. P=0.26).

6 - et -, . Table II

~ - . .. Number of M. octodecemsﬁinosus per study site in 1973 ’ ’

Month . : Site’ . Total Number of . ‘
: : Individuals Seen.

®
o
e

7 N 4

January 0 .0 . 0 0
February 0 0 0 0
March 0 0 0 0
April . L0 0 - 0 0 .
May 0 . 1 1 12-
. June ’ 2 12 14 80
July . ’ 40 51 35 99 R
August 29 23 41 42 ,
September 0 20 15 RS} 4
October. 0 2 y 3. t 7
November -0 0 : 0 0
December .0 } 0 0 s 0
>, 4 R .
e . T ' " Table III . ,
Comparlson of longhorn and shorthorn p051t10ns ) 9,
. Longhorn . Shorthorn - i
.Month - Number Number in Number in Number Number in Number in
: *Seen  site a- site ¢ *Seen  site a site ¢.
May 2 0 1 -7 2 - 4
June 28 2 © 14 . 20 6 . 11 -
July 126 40, .. 35 28 11 "10
. .August’_ . 93 29. 41 . 8 0 5
October 4 o - 2. : 8, -0 6
Total 253 71 93 71 19 36

* The Number Seen includes. only those flSh for wh1ch ;
positions were recorded..

- I

T \,// Smaller Species ' e;l
[ .
- Between ‘any two consecutive weeks of this study there was’

little change in the smaller spedles communlty, either in. number.

- .
. P
) ’ . ‘v
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. or in species (maximum F=2.03.:P=0.227). In an attenipt to.compare

v -

sites a and <, .weekly.quadra:t surveys were grouped in.to units of

. i - . n
3 .

) two weeks; thus producmg e1ght observatmns per cell (four
I [
quadrats per 51te per. w?ek) A three-way analysis of variance (of

" the numbers of fish counted of a particular species in a given -
site over the discrete time intervals) indicated that there was

a difference between the two sites (F=11.92. P=0.0dQ6) with
S . ) 's‘ .

" respect to the numbers of \fish in each site. The interaction of )
o .species with time'(F=4 056. P <0, '0001) indicates that the numbers'

I . . of 1nd1v1dua1 spec1es varled w1th time when observed in both 51tes.
[

The 1nteract10n of 5pec1es with site (F 5 778. pP=0. 0001) 1nd1cates

that the dlffq;:ence between sites varied with, speci\is when observed

g
B

‘over time.. The first outc&e is to be expected as the peak of

abundance does not occur at the same tlme for all species.

- (Appendix I). However ‘the implied dlfference between numbers

{ -

. of indi.viduals per species 1n the two sites should be examined ..
. . more closely in consideration ‘of .the 51gn1f1cance of the second
T order interaction in the ana1y51s (F=1. 652 P 0.0016). The

| ‘possibility that one species may prefer site a while another

% prefers site ¢ (as suggested by tle interaction of ‘species wit;h

‘ site) was evaluated by examining data for individual species, one .

? . -% . . . - . . -.:
at a time, in five, two way analyses.

) Eunctatus . v

7‘ : Although there was.no-well deflned dlfference in the numbers

of arct1c shanny per square metre in the ‘two 51tes in 1973 (F-l 166

o .. .



_I_:_. atlanticus *

- P<0.0001)., The préference for site ¢ over site a is obvious- .

&

22

L - . ‘&

P=\O,282); the first order interaction (F;2.§93. P=0.0086) suggests

that departures from homogene.ﬁit}:f between the two sites may have .

been obscured. This si'gnific'.ant interaction implies that differences |

betwéen sites vary with time. '#n 1972, the S. E. unctatus populatioﬁ
in ﬁyer's Gulch was much larger than in 1973. At that_ time, site

a contained the greatest numbers -of ’arc_Ec shanny per square metre.

- 7 . ' T,
N .

1

The difference betWween the mean number of sea snails per -

‘square metre in the. two sites is highinant (F=10.465.

,(A;;pendix I).

M. americanus ° A ' '
. ' Again there. is a definite difference batween the numbers -of
Ty . . S . : . :
.

young o,c‘ean pout per square metre in the two sites (F=5.769.
P=0.0185). The 'populatioq of young ocean pout in site a was less

than one hglf that of site c.

y_ subbifurcata .

The analysis of quadrat counts of radiated’ shar{ny in the” two

~ sites indicated uniform distribution. This apparent homogeneity

(F=1.119. P=0.293) may have been due to low population levelé. .

The intéraction'of, numbers of rs,'diat;eci shanny per squaré metre with -
. . A _
time was not significant ' (F=1.792. P=0.124), suggesting that

K populaition size for ‘this species did not charige very much during

v
i

0



the period of this study. . - o

© Juvenile Myoxocephalus sp. e .

The numbe'x;,tof young sculpin found in the lower reaéhes of
Dyer~;s_Gu1ch -is.distinetly‘greater than in site 'a.'(To‘tal-‘numbers:’
site a'--12 site c—'—46). The ana1y51s of variance supports thls
“J.ntu1t1ve appralsal (F= 15 07 pP=0. 0002)

Da11y Movements
M. corgius o - ' ’ i \
Although relatl e p051t10ns in the study are? were regularly .

recorded for the obsgrved tagged fish, these data are not sen51t1ve ‘

. \' Y
enOUgh to determine the amount of daily sW1mm1ng movement.

1

- Observations' from day to day leave ample time for a particular

fish to circulate freely about the study area and st111 return to .
the -site of previous observat1on ccordlngly, a series of |
observatmn perlods were planned over a 17 hour interval. Eight.
'shorthorn sculpin were counted W1th1n thls 17 hour J.nterval Fpur
'of these fish were seen more than once. 'I'he results of - these

* observations are summarized in Table IV.

|
4"

¢ Table IV

" Occurrance of tagged M. scorgins during npight observations o
. L1

Shorthorn Identity Start of Observation Period :
" 1540 2155 0219 0546 - 0840

877 + - - + - .
135 + . + + T %

© 138 + + + -

132 - - - ¥ +

783 . - - -
110 v e - -
o ‘804 - -, + -
- - - d - + -

.001
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i

.~

V period. One (8()4) was seen severdl times thereafter.

four seen more than once, two were seen several times

- o

°

N . . o
while the other two were never seen again.

M. octodecemspinosus ‘

5

The series of dives over 17 continuous hours was

at a time when both species of‘sculpin were likely to

=

. - _J . - 3
Ty < N ,
0f the four shorthorns “that were seen'only once during this series - - .

of dbservations, three were never seen again during any observation

Of the - ‘ -

o

thereafter

-undertaken

be present

in the a'rea'. ' Tﬂe results of these dives pertinent to .longhorn .
;culpiﬁ ;re presénted in Ta;ble V. ' <
| Table V
" . Occurrance of ta'gg’ed M. ‘oActodecemspinosus in 3 .- 8

Dyer's Gulch during night observations

' 'Long'horn Idendity -  *Start of Observation Period . .
o , o 1540 2155 0219 0546 .0840.
778 . + + + + - .
e 129 . +, - + - +
. 124 + . -? + - +
009 .. o - ¥ + - + )
005 o - + - =+
773 4. ) - - - .- + !
774 o Co- - - - +
: 779 + - - - -
- 801 T - + 0 - - -
- g18 - - . - -V :
© 006 , - - + - - - o
007 -7 4 - - - -
-— / '

765 S T S

* On the date of these'observations, sunset occurred
at 2134 hours. Sunrise was at 0531 hours, local

‘aparent time. , .
) )

- : ' A - -
The amount of immigration into and emigration from Dyer's / ,
Gulch during this perioed s.uggests much activity for this species - / -

- . N \
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3 . 25 o 3
throughout the night. Examination of Tables IV and V (summarized
"in Table VI) indicate that the shorthorn sculpin bopulat_ion in e
Dyer's Gulch is greatly reduced at dusk and incr‘eas.ésfégain at
dawn. .. oo ’ S
L) y . i
‘ Table VI )
Numbers of tagged sculpin counted in Dyer's Gulch
‘ during night observations
_Species, “Start oﬁvaObseﬂrvaf:ion Period - S ,
. . o 1540 2155 0219 0546 0840 ° r
Longhorn s 6 5 1 6 - el
Shorthorn .5 1 o2 6 -2

" These data, however, may not be tr\iy'representative of the

¢

situaﬁion.' At the time. of these observations, large numbers of

longhorn sculpin were immigrating into the area from their

&

overwintering grounds. . This resulted in large numbers of

untagged sculpin ‘in Dyer's Gulch. -As qbservat.ion ti‘inés were -

o

[N

restricted. duzing all of these observation periods due to '?omplianc'e

with repetitive dive'.ta‘Bles,. only total numbers of sculpin were -

. recorded. Withir the tagged components of the two sculpin. species

present in Dyer.'s’Gulch during:f_he night, observations wete precise *

as to species, position and tag number. In oxder to determine if -

fhe. number of tagged sculpin.was representative of the total Dyer's

: Gulch_éculpin popula‘;ikpn‘, thése data were 'émaiysed with & x2 (Table

a

-

viny. . Ané\lgci‘s’ between.the number of untagged sculpin and the .
tagged s.ample indicates no significant difference between the two
sets of data -(x2=3.32. P=0.50).. Thus, the tagged sculpins'bf Dyer's

o @



IB,

t{\en segfegatlon in spd‘;e at dawu and* dusk is 1nd1cated

< ) . , ) S ' o ®

w

., Gulch were indeed rcptésentative of the total sculpin population'

frequenting . Dyer's Gulch throughoﬁt the 17 hour interval.

Table VII

NumBers of ‘tagged and untagged Asculp,in seen in
Dyer 's Gulch during night observations

i

Component - _ Start of Observation Period

’ e '. ' . 1540 - 2155 0219 - ( 0546 0840
. . ; T o :
Untagged 24 7743 . 31 222, 27
Tagged o 7. 7 T 8

4

- Having determined the shnilarity of the taggéd sample to the

.

'scu1p1n populatlon of Dyer's Gulch the two spet:1es of the tagged

4
sample (Table VI) were compared w1th a X2 to assess the1r 51m11ar1t1es.

’

Thls ‘analysis 1nd1cated that the two species of sculpln are dlfferent o

in their tlmes of occﬂpat1on of Dyer's Gulch (x2 ~9 48. pP=0.05).’

Although the two spec1&s cannot be said to 9; mutual ly exc1u51ve,

Tagging ' -

¢

-

Attempts to determine the extent to which M. scorpius: moves =

-

ﬂo{t'xt intg, L6gy~ Bay after occupying Dyér'é'-'Gulch wére unsuccessful,

Sonic trac‘kihg' was unsuccessful largely due. to uﬁperfected technique.

-

* Sonic tags 1mp1anted ln the stomachs were regurgltated wlthln seven

4 . &

. days when specn'nens were kept in the laboratory In the.fleld, tag

'

retentlon was two to four days.. - .. . -, ' - -

External attachment of«thé sonic tag proved to be far too

-

d’onsplcuous as several other sculpm Were 1mmed1at.ely attracted -to

- ) 'B:'<

-

NFENY



the transmitting fish and pursued it in an attempt to ingest the .
' - ' vy ' { . o.
' . i . P .3

“tag.

¢

Of the shorthorn sculbin'marked in Dyerx's Gulch, one was

3

deen outside the main study area. This single observation was—of -j-’ L. &
‘an adult in area E, At the time of observation, 144 days had

B ‘{’w . v . *

o éassed s‘ince-ta‘ggmg. This specimen was observed twice prevlously,

in Dyer S Gulch two and three days after taggmg T _z
\ - :

The discussion of sonic 'tracking failures already applied to .

-«

M'. scorpiué is also representative of the work attempted with the

longhorns. A furtHer complication with the longhorn is its

smaller stomach and esophageal or1f1ce relatlve to sHorthorns of

4 . ¢

comparable length It is possible that -these morphological traits "

may have been assoc1ated with sonic tag regurgltatlon W1th1n four : »

* . : b

"days. Surglcal 1mp_1antat1,on of the sonic tag was underta:ken‘m o
an attempt tLo prolong tag retention.- The ‘1onghorn which was’tagged

.. v, . b . . .

. » C , - L,
surgically was found dead in site b four days aftersrelease. Death -

may have occurred as early as 30 hours after release. Inclément
* weather prevented trac‘:]king after this interval. The control
specimen: sufferéd no apparent i1l effects for three weeks. At the end

_ of this period the control. 'specimén died, apparently because of *a
., . N ) ” _ N . a " , ' .
failure of the saltwater supply. It is not presently possible to.
< : . L ° , .o . N
objectively evaluate--surgical technique as a means of affixing sonic

ta'gs'. The procedure was abandoned .in~ favor of the cap11n technlque

v

i)revious-ly descrlbed Unfortunately,. 1nc1ement weather combmed w1th .

the fa11 emlgratlon of longhom from the study area did not al],ow e

‘e

svaluation of this latter techmque.



»

- N . -

The results of sonic tracking are too limited to b2 of

A . HEE . : .
analytical value. Of the sculpin for which several distinct,
’ v . .
‘ positions were determiried, only one left the study area. This | °
fish was released at the surface jin site ¢-along with three
. - . \

other, externally mar'ke’d, sculpin, Three uof tl'{'e four fish,

iﬂcljding the sonic tagged specimen,nw.ere never s'een again. .

The

approxlmately 200 metres seaward from Statlon #1\ Three days -
‘later .the sonic tag was recovered from,the bottom at a depth of -

' M - .l . l‘ » !

16 metres. Heavy seas prevented tracking during this interval.

° o8 ’ ’ P . . ,

No ‘sculpin were seen in th® vicinity of ‘tag recovery. s '
. + . <

Two sonic tagged specimens were monitered, on separate
_occasions, once every hour for.24 hours. Littie movement was
. ' A | i ;

detected. However, one tag was found ‘lying on the bottom in site
d :after ‘52 hours and the other specimen found dead- in site-b

T
- A

after four days . o ' o "

a
J'/

of the 28 shorthorn nQrked externally in other parts of Logy "

Bay, only one was observed in Dyer's G”ul_ch".‘: This sin_gle shortho;-n '

was observed once. A total of 49 longhorn sdulpin was .ma;.rkea in

~ areas other than Dyer's-.Gulch. Three 'of these were subsequently .

observed in the main stud); area. Table VIII depicts, the taggmg

done in areas other than qur s Gulch and the results.

® ’

.An initial transplant of four;, sh rthorns from site ¢ to area,

i

C. was not repedted due to poor Trate of turn to Dyer s Gulch.

S

onic tagged specimen was followed, from a boat to-a pos;tlon '

L)



= aggregatlon of more thdn 1Q0 wrnter flounder wds neted in the

-’-.c° ” “‘s
study area, thelr "times of absence belng 2 85 and 99 days. Ot.
. .
‘the fiyenlonqurnqsculpin“transplanted in ‘the same experiment,
- none.wére ever seen again. Of,the longhorn sculpin tagged in '
‘Dyer's Gulch,‘none_were seen during dives in other areae. Th;s:

~ -
LI

© I 3

- 1onghorq,scu1p1n'may'move con51d£rab1e,d15tances. , . e
. ;7 Tablevriir .. o .
. [‘f“ R .
) . : - External ‘tagging of sculpin in areas
. ~ ‘peripheral to.Dyer's Gulch .
", Date of ° e ‘ ShortHorn . Lopghorn.
talgging Area Number Number entering ' Number Number enterlng
’ : : . tagged Dyer's Gulch tagged Dyer's Gulch., - °
May 15 ° F s 2 ' ' R
June _8 B 1 . . 57 .
.« June 29 o, A 100 . 1 5
Julys <4, E.., 4 .
~ July 10 , B . 2 )
*'July 19 . D 2 . . 32 - 3 ° .
July 30 A 9. 5, ¢

-
.o a . . .
7 - N

P. americanus™ . , .
—_— e—————e 4 - 2

. Y a_ . o, :
Winter flounder have been .observed on.several occasions in

-
7L L§ .

theomain'sfhdf,area. Durlng the4day, 1nd1vrdhals of this spec1es

B

have varied in tieir behaV1our from apparent complete 1nact1v1ty

-

,{as determined by their~ladk o£‘response for several seconds after..

< ©

being captured in a" net) to extreme avoidance of d1vers, On

2
.

" the .occasion of the 17fhour ob‘érvatlon ser1es on sculpin, a dense

s

v

v1c1n1ty of stat1on #1 at 2155 hours., These“fish were tompacted "
T oa, ‘ e ™ -

1nto such a’small area that they were overla?plng each other, .

.
[

.Together W1th one tag- return from five miles away, suggests that S



.o~

*

often three fish deep. More than 50% of these fish were in the

R ! . ’ [
*.feeding position described by Olla, et-al, (1969). Several,

specihens ¥ere also observed swinming, slowly, approximately two
: »'a L. ’ ’ ) - e
to three ﬁe%res above the bottom. At ‘the time of these observations,

ambient light intensity was great enough that the water surface

! . - ' s

, could be seen from a depth ef 18 metres. However, to’ the human

' eye the?bottom was COmpletely dark :and had to be art1f1c1a11y

R
111um1nated. The restr1ct1on on ¢bservation durdtion durlng this .

dive series did not permlt investigation of the- flounder activities.
. L N . ] D

L.
7

It.is likely that, by this date (June 26) the height of the spa&ning
season was over as few gravid females.were seen in late June.

[ S “

Affi;ity’for Dyer's Gulch ‘ ‘ , _ .

N\ 9
¢
K

The aff1n1ty of the two sculpin spec1es for Dyer s Gulch is most

ea511y descr1bed on a comparatlve basis. A .t-test-of the number

of] sculpln seen w1th1n three days ‘of tqggrng (longhorn vs- shorthorn,

Table IX) relatave to the total numbers tagged (with arcs1n

o5
, -9

.transformatlon) 1nd1cates no dlfferehce between ‘the affinities of

o

the.respectlve speeles for Dyer s Gulch 1mmed;ate1y subsequent to

tagging (t=0.68' P=0.52). '.The‘same type of analysis of the shorthorns’

o

never Seen aga1n "and these data for the longhorns (Table X) suggests'’
9

- no difference between the aff1n1t1es of the two specles for Dyer! s

;Gulch-(t=0.97. P=0.37) or that their rates of mortality~are similar

2

subsequent to tagglng ) . _' o AU

The data of Tabre XI suggest- that shorthorn return to’ Dyer s

‘ 12

Gulch~more'frequently_than longhdrns:‘ As the number of longhorn -

°
L ] A

o R o g o

»
e
'\;
LY
.
L]
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Table IX

Affinities of sculpin for Dyer's'Gulhh‘aftér'tégging

~ Date

Number of Number seen

Number of Number seem‘,*

Shorthorn -~ within. Ratio Longhorn: . within  Ratio
tagged three days _tagged three days
1972
Aug . 3 1 0.33 42 10 0.24
Sept. 1 0 0.00 1 o ¢ 0.00
Oct. 16 3 0:19 3 0 0.00
1973 oL o )
JMay 24 L2 :0.08 12 3 0.25
~ June 28 8 0.29 . 80 . 31 0.34
July 18 T8 0.44 69- 35 . 0.51y
OSept. 3 0 ,0.00 3 2 0.67

[

" was far greater ;han_fhe number of shorthorn tagged during this

.study, the results of'Table XI aféalikely biased:imyfavor of the

longhorns. It is therefore concluded that M. scorpius shows a

.

greater affinity for Dyer's Gulch than longhorn sculpin, °
Table X
Numbers of sculpin ﬁot observed suﬁsequentﬁto'tagging
Date Number of Number never. Number of Number never .
Shorthorn seen again Ratio Longhorn  seen again Ratio
. tagged tagged -
1972 : o
Aug . 3. 1 0.33 42 13, 0.43
Sept. 1 0. 0.00 1 0 " 0.00
Oct 16 ., 7 0.44 ,, 3 2 0.67
1973 . , - '
May 24 10 0.42 12 9 0.75
June 28 12 - 0.43 80 40 7~ 0.50
July ‘18 . 10 0.56 69 21 0.30
Sept 3 1 0.33 3 1 0.33
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- Table XI. . Q_
. 4
Fish returning to Dyer's Gulch more
. than nine months after tagging

' Species Date"Tagged - Number of  Last Sighting . Days-at .
L (197 ) ‘Sightings- (1973) . large
. Shérthorn . Sept.-,22 5 Oct. 31 = ° 402
: . . Qct. 12 13 Nov. 26 379
: Oct. 12 .6 July 23 .. 284 .
Oct. 18 15 Nov. 9 . - 387 .
Oct. 18 2 July 18 , 273
- Oct.. 24 3 Oct. 26° - .367
Longhorn . Aug. 10 S, . July 13 : 338
Aug. %11 35, Aug. -8 . 362
Aug. 15 2 July 11 - 330
- Aug.- 15 3 July 20 . 339 - .
Winter © Aug. 15 1 July 6 325
Flounder Aug. 31 4 July 6 309
B - Sept. 26 .3 July 11 278
Yellowtail Aug. 9 4 July 27 353

\n
]
!

The percentagé of sculpin‘tagged each month that is never
seen again varies considerably with date of'tagging [Fig. V).
Thé.greatést,rapé.of disappearance for the longhor# is in the

spring while that for the shorthorn is in the summer.

e : '+ M. octodecemspinosus ~ 4 :
ol 55 0.7 ‘ ' '
gl .
c; |
ol5 0.6 - My T
o4 " M. ‘scorpius -
b E s - . :»' Lo
ala 0.5 .
“2 0.4 _ =t
= '+ L ¥
. 0.3 - = ) - "
: © May June July -Aug. Sept.

' Figure IV. .Disappearance of sculpin from Dyer's Gulch

3
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! ! v »
P amerlcanus .

r [ . . ’

Of 36 w1nter flounder tagged in Dyer's Gulch, 16 were observed
subsequent to tagglng. ,Seven of these 16 fish were observed in

~ Dyer's Gulch‘more than siX months after tagging. This figure is

.

lower than it -should be as several other'tagged rounder werer

-

Q\
noted in the area on varlous occa51ons but could not be 1dent1f1ed

The greater aversion to a d1ver shown by winter flounder than by

t

the two spec1es of sculpln neces§1tates coded tags whlch can be
1dent1f1ed from at least ‘'one metre away. w*The th1n dorsal musculature

and greater sw1mm1ng ab111ty of flounder over scu1p1n also results

s P °

in greater tag losds ‘and possibly mortality. - Spec1mens have beén,

found with wounds which indicated that tags’had been lost.

S. punctatus e A ' ' ' ' ‘ '

“In. early August, 1973, eleven aﬁult S. punctatus were collected
in the vicinity of station #2.. These'fisﬁ.were anaesthetiEed with

M5222 and tagged in the laboratory by sew1ng glass beads 1 mm

L 4

dlameter) to the anterior, dorsal musculature. No abnormal flsh
:were-observed among the tdgged specimeris for ten.days following
‘tagging. After this interval,. the tagged specimens were released

- at the bottom in the area of capture.

4

"Of_these eleven~fish, five were observed subsequent to release.

H
[ 1

S - ’ S : '
Four of these exhibited‘fidelity to the area-of’capture-release(._

s

‘:.The fifth fish was observed once ' in the v1c1n1ty of statlon #1
© An adult S. Eunctatus whlch bOre deflnlte tagging wounds but no’
tag was observed at stat1on #1 on August 29, 1973. " It d1d'not appear

FAl YR

P
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A\ : . -

o to be weakened by its wound. //a A - ‘

Quantitative Analysis of Site Asseciation~ o S
of the seven benthic spec1es 1nc1uded in the multiple. regre551on

ana1y51s models have been derived for only three species: M.
u : ’

scorpius, M. octodecemspinosus, and St1chaeus punctatus. Correlation

" matricies (Appendices IFI and IV) imply possible relations. among the -

¢
'

"other variates.

A

As data on species distributions in sites a and c have imdicated

greater abundance of most benthic flSh spec1es in site c, one
- . I3 .

" model is presented for each species for each 51te.

- @

! ’ The presence of several sub-zero temperature readings in the )

data matrices made natural logarithm linearity transformations
L. . t ) T ' ’ : .
o . . impossible.- Accordingly a’'constant of 2.0 has been added to all’

»
.

Ihdependent Variates thereby displacing the regression on the

x-axis to positive values. This constant must be included, w1th

& N

° L each indep%hdent variable when us1ng the equations as prediction

models;

A1l independent- variables are significant .(P< 0.05) in ,

their contribution to the models. Independent variables are .
' included in the equations in decreasing order of importance.

The following definiticns apply to all equations:

xp= number of shorthorn in site a'+ 2.0- .o Coe f?“
oL 'x4- number of shorthorn in 51te c + 2.0 '

.x5- mean. number of S punctatus per square metre in

51te a+ 2.0 o L



'
< > - . .
. . . \ o .
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X¢= mean number of L. atlanticus per square metre 111//\\:
v i . . e ———— s i

' site c + 2.0
x7£‘ mean nunber of young M americanus per square
metre in 51te de51gnated by dependent variable
s . 8

o+ 2.0 ) . R . - .

Xg= mean number of young u. subbifufcita per square

metre in site de51gnated by dependent varlable ‘
+ 2.0
Xg= mean number of young sculpin pér square metre

in site c +.2.0

e ., ” X10= water movement code + 2.0

- X113 tenxperature. in degrees C.entigrade:f.- 'Z.Q

X12= mean radiant energy influx per site + 2.0

! . - . 4

xy3= photoperiod + 2.0

Having defined these parameters, it is now possible to. describe

_the models.-

o The number 6f shorthorn sculpin to be found in site a',at any ’

. 1 4
one time is: :

= -5, 13117 + 2 00004 log,xy3 + 0. 31115 1ogex10 - 0 45912
].OgeXS tlllilo.ll,.-"'.l..ln-'nl..-.;‘..li‘:l:l.IOOUClol:l"llI‘I'l(l)'
For ‘this equatlon, the multiple correlation coeff1c1ent is low, the

overall equatmn accountln_g for only 9 of the var1ab111ty in the

ntzmber of shorthorn in 51te,a. This model is thu5~ inade,quate.‘

| The number of shorthorn te be found in site‘ c at an'y' one time is:
= 4.97382" 1. 45069 1ogex13 - 0.19402 logex;y + 0.29617

-3

o logexlo + 0. 69107 logex7 - 0788015 logexg e (@)

»



observed Y values make this model unreliable.

.by;.

36

' s

The_correlation coefficient is again insignificant'(R=0.346. P >0.05),

A 3

- the eduatien accounting for 11. 97 of the total variability in Y.

L4

/-
The model for lohghorn scu1p1n in site a is:

- N I

Y

-13 03613 + 3.32782 logex13 +-1.30076 logex)y - 2.09695
1Ogex10 +-3, 22689 10geX2 + 0.89735 10geX12 se s et ap e an (3)
The multiple correlatlon coefficient (R= 0 547, P< 0.01) credlts the -

equation‘with 29.92% of the variahility in Y. However, the table of

residuals (deviations of cafeu}ate@ Y values from observed values)

. ihdicates an' inaccurate model.

The number of longhorne inueite c is deScribeh‘b&:
Y ;.—22 30298 + 8.32712 logex13 + 0. 86414 1ogex11 = 1. 68085
logex7 + 0.96683 logex4 .............;.- ..... et (@)

ThlS model accounts for 39.56% of the variability in Y (R—O 629. ‘
P< 0. 01). The table of: re51dua1e 1nd1cates comp11ance w1th the model
(dev;atlons of less “than 1. O) 1n about 43% Qf cases, .- - ‘

( ‘The number of S. Eunctatus per: square metre 1n”51te a 1s‘g1ven
as:

E

Y = 0.29867 ¥ 0.27519 logex11 - 0.42607 10gex2” s vurenrensns(5)

“ The tafiahility in Y accoﬁhted-for by‘this equationais 13.54% (Réo 368.

P<0.01). Agaln the model, although”representatlve in '87% of cases,-'

z

is unsuitable. Deviations of”hp to 80% from the hlgher of the

o

-
-

< " P !

The number of §: puiictatus per square metre im site c-is given

Y = 0.70556 + 0.23818 logex11 - 0.49660 logex7 - 0.38436 logexg ...(6) -

PR -
) . R P v

oy
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‘been noted to capture and consume live cnnners (Tautogolabrus

t

This. equatfon accounts for 17.39% of the variability in Y (R=0.417.

-P< 0.01). Deviation of the estimated Y from the abserved values. og .

more than 1.0 occurred, in 7% of cases. Again deviation was Preatest

for the highest observed values of Y.: .

Food and Feedlng : . C

Shorthorn stomach contents obtalned in May were, in quantlty,

several times greater than those obtamed in any other month. The

_ May samples were the only.ones in whlch 51gn1f1cant numbers of

fish remains were found.. One specimen contained thirteen whole
adult sea-snails, eleven intact vertebral columns, ‘likely 33

L. atlanticus,_mbre than 100 polychaetes plus. several scale worms

(Lepidonotus sp.) and amphipods. No food items were regurgitated
in the fall -although the emetic was administered to several specimens.

" The extreme numbers of pertieular prey species wliich have been

H . . -

~found in shorthorn stomachs at.certain times suggests that M. s‘c':'orgius
is efficient’in its utilization of aggregations of prey species. On

" several occasions, especially during late spring; shorthorn sculpin.

»

were seen wliich had greatly distended abd,emens.b The food of the
shorthorn s'culpin,is determined apparently by whatever is n'!ost

abundant and most eesily 6btained

a

. In the laboratory, shorthorn sculpm have been observed to eat ‘

- .

several caphn (MaIlotus v1llosus] in one feedmg session and have




&

' stomach is readily detectable by touch Durln_g the various tagging '

_emetic, the stofnachs of four Jlonghorns (on separate occasions)

38 : o

adspersus) when the two species have been'kept in the same

P

-holding tanks. On one occasion a femal'e shorthorn.(400 mm-.

total 1ength) was observed in this- 1ab 51tuatlon to completely
swallow a. temporarily, 1ncapac1tated cunner of about- 1{0 mm. fork
1ength. Shortly thereafter, the same sculpm took another,

somewhat smaller cunner. ‘Although this exact situation is

- unlikely to occur in the field, it demonstrates the gastronomic

3

capacity of the shorthorn.

M. octodecemspinosus o ( - .

t

Attempts to induce regurgitation, of’ 3:'ood from longhorns were
» : .

largely unsuccessful.. The only food found in Dyer's Gulch =

1onghorns were crabs (Hyas sp.),. amphlpods ‘and caplin, (Mallotus

v1llosus). Out of fifteen longhorns treated with the emetic,

only three regurgitated food. To test the effectiveness of the

[

were -examined after there had been no reséonse té the emetic.

. . K . . A -
These specimens were chosen because of their engorged appearance.

.

A11 four stomachs ‘were found to .be’ empty It is therefore p0551b1e

that the longhorns had been feedlng on soft bodled forms that
T .

were dlgested qulckly or that they were eating very little. The ~

“
t

common presence of Nereis sp. among the shorthOrn stomach contents
. L deversnuniy s .. —-l———.

tends to negate the first possibility. . ) ‘ —

Subsequent to feeding on animals with hard body parts, such as
o -
large crustaceans the presence of the exgskeleton in the longhorn

A}

- . £ n
- . - ]



' not be determined for the.longhorn sculpin..due to the desbr1bed L

* whenever 51ze difference allowed lngestlon. -

* could, 6n “the basis of size and morphology, sgyve as a predator-

periods, hard materials werg rarely detectéd in the ‘stomachs of

longhorns although such occurrance was more cdmmon among M. scorpius:

~, [ ’ '

"stomachs. Seasonal varlatlon in the amount of food consumed could

difficulties. Further intensive investigation would be}necessary
in order to quantify longhorn feeding habits (Jenkins, M.Sc, in ° , '

preparation). : ’ o . S R o ¢

Predators o o . K L C

Juven11e sculpin (less than 70 mn. - un1dent1f1ed to spec1es)

7 PV - ,-' ev] el ;!

h graesens e Rarwr  max .

. 'have héen noted-among the stomach contents of the adults, The

young "have also been observed to prey on each other in the, lab

E3

Ey

Within the main study area, only one other benthic species

-

on shorthorn sculpin.. The sed raven, H. americanus; has the
. - - \ 9

morphoiogical.oapacity to consume prey as large as sculpin.

Cannabalism within this spéciés has been documented in the laboratory. - -,
. . . N ’ - . " -

In 'this instance, an adult female consumed another raven of about

200 mm. total length_(Bennétt; pers.. oomm.)u . . , ' T

Unfortunately, H. americanus did not respond to the emetic.

'Attempts to induce regurgltatlon w1th a stomach pump (de51gned

»
by Seaburg and Moyle, 1964) also fa11ed As there were never more

than elght 5pe01mens seen at any oé& pbservation period, no

1nd1v1duals were sacrlflced.

‘
'

A qua11tat1ve 1nvest1gat1on of p0551b1e controlllng mechanlsms'

a .
>



winter.

- .

.t

for the shorthorn population imﬁ}ieafeq—the leech,tﬂelmiaﬁa
nuda thhardson (1970). ' L . \
Observatlons of shorthorn’ scu1p1n carrying. several leeches
were common. InfestLtlon of 1nd1v1duals ranged from zero to
highfconcentrations,of more than 15 leeches per host. Leebhes
were seen most commonly between the eyes ‘of the scu1p1n and on -

the nasal area. No sculpins were sean bearlng leeches durlng the -

The higher- affinity of shorthorn over longhorn sculpin for

rock bounded’ hiding blaces may account for the greater infestation_

‘of shorthorns by leeches: As the newly hatched leeches depend

for their attachment _on the movements of potent1a1 hosts, Specles

regelarly inhabiting such areas are h1gh1y susceptlble to attack

- L

'-.Although den51t1es of leeches on individual longhorns wege at least

as great as on M. scorpius, the infestation is less ‘(on a percentage

ba51s) than - that of M. scorglus -(Khan,' in pre;lratlon)

N The presence of several young cod (Gadus morhua) in Dyer s

Gulch 1n August and September of both study years suggested the

p0551b111ty that this spec1es may have been feed1ng on drctic
sharmy Of 22 cod'-,\c\‘aught in the stu_dy area in late October, 1973,

only 10 had recently taken food With the exception of one

: Juvenlle scquln, stomach contents were 1nvar1ab1y amphlpods"



~data by mathematical transformations.for linearity and normality

ot

v

DISCUSSION

- ~ . ' ) ) . , "L TR
- Ll ’ > - . iy I
The general approach in this study was to first determine the

P
°

distribution @nd abundance .of benthic. fish.in a finite and .

.aceessable area, then to attempt td detevmine whether the area was,

u
.

in effect, one continuous habitat or gomposed of smaller subdivision$.

‘Having found such"subdivisions, the final question is, why such

b

divisions are found among the shallow water benthic fish community? .
‘o

In follow1ng this approach an attempt has been made to av01d as

: much as p0551b1e maklng assumptions about the data. Accordingly, the .

analysis of %%, with its minimal assumptions,; has been used. exten51ve1y

5 -

The t-test’is a spec1a1 case of the analysis of- variance (Bahcroft,

:'1965} and requires approximate normality of population'distrlbution and

[

similar. standard deviations. The ana1y51s of variance is a more robust
-~ .

test which, in 1ts 51mp1est 1nterpretat10n allows comparison of more

fthan two means. Having once exhausted the capacity of ‘these more common
LU . . ‘ - . - (. .

tests, I have'attempted to indicate what factors may contrihute to the

‘~var1ab111ty in the numbers of sculpin by the technique of: mu1t1p1e

- linear regression. This test has also minimized assumptions about the

. - . L4 . '
(Cassie, 1972). : .

3 o ' Y . . L] . o
. o

Distribution and Abundance of Myoxocenhalus in Dyer's Gulch

In determining whether significant differences.in.the distribution .
L4 - h - ©

" .of sculpin occur throughout the study area, two’ questions must be’ asked
! First aré there differences in the numbers of- fish throughout the study

- area or is the area. equally suited to the species under con51dexat10n
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. be asked is, does'an\increasp (or decrease) in the number of fish

. » . e,
" LA

‘(random'or contag}ous,distrib' ions)? A‘sécond question .that should

&
- . e ' bl . ’
o < . . s _ . v, i { ‘ » N
in one subdivision ‘of’ the study area correspond with an increase
. - b 4, > ’ 't ’
(or decrease) in the number of fish in another.suck subdivision? *’
.- o .
In other words, do fluctuatlons around tHe 1nd1v1dua1 populatlon
° . 9oL

means correspond in the1r times of‘relatlve maxima and m1n1ma° The .

- ’ g ¢ - C\,

:p0551b1e outcomes of these two questlons are represented 1n Fig, V.

-

'

o

.
w et -

‘The res&lts of analyses of shorthorn data 1nd1cate a correspondence

' ‘ﬂ‘“ >

W1th 51tuat10n D (Fig. V), 1n?that the .means.are different for the'

‘two 51tes and-that-fluctuatlohs around the means do not correspond

~n ¢ A

in time. Thls is 11ke1y9caused b? preference for slte c wh1ch may

'

be ref&ect1ve of thélr letharglc and crypt1c~hab1ts. S1te a is ¢

- -separated from site b by a sudden 1ncrease 1n depth oftipprox1mate1y

8 three metres A The banrler here is vert1ca1 for most of the w1dth

o

of the gulch A narrow, "shute" on,the southeast side of the gulch

15 1nc11ned at an angle of %bout 45. degrees If fish are to

L3

av01d SW1mm1ng in the water column othey would have to move up

K thls unprotected shute to 51te ey The hypothesis here is that

Y-

shorthorn scu1p1n would prefer toCGW1m around rather than.over an
' [

obstruct1on. Th1s, comblned w1th the §carci$y of cover may act to

©

. confine most of thex;horthorns-to the lower regions of the gulch.

Ae

The longhbdrn sculpin distribution data correspond with situation

-

a

‘o R 2

. B (Fié. V). Thls would suggest fgee 1nterchange of longhorn ‘between

the two sites, w1th 51mu1taneous 1mm1grat10n (and emlgratlon) to the

e . . - <

‘whole study area JfInterchange of 1nd1V1dua1 longhorn between the

Kl

=‘two 51tes is 11ke1y facilitated by the1r lower afflnlty for cover

4
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and théir greater locomotory'fendency - For such an animd}, the

' rock barrier is p0551b1y ineffective. ‘ : :

L}

Y I °

On the ba51s of length- welght data for longhorn (Morrow, 1951)

and shorthorn (Ennls, 1970) plus morphologlcal descriptions of’ the

/
.

two epecies gLiem and Scott, 1966), the abparent difference in
mobility.between the two species may have a hydrodynamic basi§.

Such a d1fference in sw1mm1ng ab111ty could result, in 1onghorns
mov1ng further from Dyer's" Gulch thus reduc1ng thelr chanceJ of

be1ng observed again. Their law rate of return-to Dyer's .Gulch.

after extended‘periodé (Table XI) plus a longhorn tag return from

¢ .
% !

-a distance of five miles, supports this hypothesis. Differences

-~

o .. o b, )

b

{

o

. ' '
in Swimming activity between sculpin species may also be of
significance in the differential infestation of the two species by:
N R . ]
r -
the leech, the less active shorthorn being more attractive for

3

attachment
Predators ‘ . -

The greater infestation of shorthorn by Ma nuda may be due to

L

a combination of the behaviour of adult shorthorn and the 11fe

v
[

hlStOTY of the leech -t . ' ' ' ®

I

"Most commonly, the P15c1c011dae detach from the1r hostd/before

copuldtlon occurs. Th1s however, does not appear to be" the case

wlth M. nuda as copulatory behav1our of attached leeches has been'

observed (Khan, pers. comm.). Subsequent to fertlllzatlon, the=

+COCOONS. are : attached to' rocks where the cocoons develop and hatch.

o

' As “the cocoon was deposited’ while the adult leech was still

. e M v N
& - . ~

)

‘8,
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attaehed to its host, “the’ young leech is 1ikély to be in.suitable

shorthorn habitat. The lethargic habits of ‘the shorthorn would

be condusive to attachment. Longhorns, if &s_actiﬁe as this
research suggests, would be more likely to occupy areas which are
unsuitable for leech cocoon attachment, such as sandy bottoms.

Prior to taking a blood meal, M. nuda secretes whaf'iE'likely

an anticoagulant It is known (Khan pers. comm ) that ten of "\ £

. these leeches are detrimental to small sculpin (less than 10 -cm. ).

Adults which have been artificially heav11y 1nfested in laboratory

hold1ﬁ% tanks have become sluggish relative to uninfested specimens -

m .

‘ and have been generally less successful in securihgvfood.

“

L
@ . N ¢ B N %o
-

Mace (1971j states that M. nudd is most .commonly found on

shorthorn ‘sculpin in the opercular region and on the;belly.‘ He

states that this:leech 1s'found on the bead of M. scorglus only on

[ ~

heavily ihfested individuals. As leeches were thost commonly

seen on the head regign of ééu1pih in the'present study, it mey be

.that Dyer's Gulch shorthorn suffer heqﬁ}vpérasite loads. Mace also-

determined that parasitised shorthorn had a higher metaoolic,rate

R . ° . . L RN
than unparasitised individuals. He indicates that the increased

energy expenditure among parasitised fish’is greater than can.be -
. M . I . a -

accounted for by . blood 1oss to the leech and suggests stress .

id I's

caused by mechan1ca1 irritatjon may be detrlmental Oﬂ the basis:

of his flndings, Mace evaluates ‘the leech sculpln relatlon as f

. predatory rather than paragltlc; S o

B . .
\_) i ' . ’ ’ . o
. i o
.

. Seasonal Occurrance ; ,

The change in affinffy for cover in the winter shown by - .

v
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, .
'Mi_scorp1us 15 11ke1y of surv1va1 value to newly spawned eggs.
]

- Egg masses s1tuated in open areas may r&8e e the benefit of

greater water c1rcu1at1on than 1f they were recessed in ‘crevices

in the bottom. It is interesting to speculate that the shorthorns

.

sare able to become less secretive in winter due 't6 the absence of

A ' l

longhorns in the area. T Se, ' | X
“As implied above, M. scorpius apparentff has the capacity to
comsume more food at any one opportunity than the Honghorn. This

may have survival value for the shorthorn when bresented with a

L

situation where food “is. clumped and scarce. Without quantitative

data on seasonal abundance of prey species, it is impossible to-

detefmine if food is limiting during-the winter months,

A hypothesis.to account for the absence of M. octodecemspinosus

in the winter is that byer's Gulch and vicinity does not contain
4 ° o 4
suitable spawn1ng substrate for the longhorn. Warfel and Merriman

&

(1944) reported that eggs of longhorn sculpln ‘of southern New
England were found attached to sponge (Qhallna sp. ) Although

this genus is found 1n'Dyer s Gulch, "the +hard sand ‘and gravel

o

bottoms described by Warfel and Merriman are less common..

.

Incubatlon Act1v1ty '

.The 5pawn1ng success of"the shorthorn in Dyer s Gulch in
1973, being zero, is contradlctory to the number of young scu1p1n

found in the area in the summer of the same year. S1nce the number

- o

of young-of the-year sculpln (based on Ennls (1970) Age 1 fish of

minimum length of 11. 4 cm. ) per square metre in Dyer s Gulch in

-, . - . . oo . A - .

:
a




P

4

‘each ot_her to depths of more than 23 metres. It is poss1b1e

'tha"t, such conditions forced the shorthorns of Dyer's Gulch to

is 11ke1y to occur.",‘ He goes on to suggest that an 1nterspec1f1c

46

4

-1973vwas greater than ‘ever documented prev1ously (Green, pers.

‘comm: ), the extensive egg mortallty found in Dyer s. Gulch cannot

be representative of the eastern Newfoundland cqast.

-

" Ennis (1970) obéerved that guardiah sculpin (always males)

vacated the nests for varying periods. Therefore the observed

I3

behaviour of the Dyer's Gulch fish is not unusual.

Although shorthorn sculpin have physiological means of '

protection from freez‘ing in very cold waters (Gordon, gi_:_; al. ,'

1962; Smith, ‘1972): their survival depends on th,e!r avoidance

of .contact with ice crystals., The winter of 1972-73 was unusual

in* that great quantities of ice- built up along the Newfounq,;and' -

'qqast. In Logy Bay, onshore winds jammed ice blocks on’ top of

k)

a

[y o

abandon theii'. eggs. o
Segr.egati_on and Cohabitation

Harper (1961) states that cohabitation"is a situation where -

' "1nd1v1dUals come into such prox1m1ty that a struggle for ex1stence

equ111br1um is fac111tated by a "division of laBour" '

The p’ercentage of fish tagged each month that|is -never seen -

.
»

again (Fig. IV.) indicates that the two spec1e§ of. sculpm have

changing affinity for Dyer's Gﬁlch-throughout-the period:of

: cohabitation. The- apparent dlvergence of the * two.curves of F1g. v .

»

suggests that the two spec1es may 1ndeed have: some "d1v1s1on of

[ .

EE
. v
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laboyr" or perhaps interspecific avoidance. -
- }
"The results of the 17 hour series of dives caqnot be accepted

as being representative due to the lack of'replicaée series. " :
“ . ‘ - R * - “,; “

However, the trend described bﬁarhe.data warrants future investigation

and. further discussion.

3

The obvious difference between the -abundance of the sculpin.

: ’ : . .. 4
species at dusk and dawn suggests Sither that there is a particular

attraction for Dyer's Gulch (more accurately, site c¢) at these -
E , . ’ : R A ) ) ’
~ times or that the attraction is for some peripheral ared and that

. movement back to Dyer's Gulch occurs .with the opposite stimulus,
(increésing or decreasing radiant energy influx). Wﬁether such -

movements are- related to food or changlng site preference is

unknown Green (pers. comm ) has shown that cunner (Tautogolabrus C

1

adsgersus) occupy "sleep 51tes" at nlght bu{ may gccupy a
completely dlfferent terrltory durlng the day Rec1proca1 move-
ments of the two species of sculpin could serve to reduce inter-
aspeelflc 1nteract10ns. Further investigation of this phenomenon' -
is neceseerf'before any conclusions can be reached. : : A
’Another oneétron,pertinant to:the Fwo scmloin §pecies}ie

14

that of ‘the difference in population sizes. Wh& shonld there be
so many more longhorns then shorthorns in the study area? The' ‘
'secretlve habrts and restrlcted movements of M. cor21us suggestm
that this spec1es may have a large 1nd1v1dua1 distance (def1ﬁed by
Hed}ger In Lorenz, 1963) Although agonrstlc ;nteractlons have'not
.been noted -in the field, sguipin-of-both epecies have beenofound

st ' . . . . B ot

- &
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" to em1t a v‘1brat10n when refnoved fr;)m the‘ water. Thié vil;»ration
is aud1b1e when the 1nd1v1dua1 is pressed against a measurlng
board. A similar type of response has been documented by Bigelow
‘and Welsh (1925) gnd analy‘seé i)y Barber and Mawbry (1956).

. Visual detection of this behaviour in the field ha"s been -

o

facilitated by the anchor tags which have been’ noted to V1brate
rapidly when 1nd1v1dua1 scu1p1n are approached by a diver. If

thls is a warning,. it couId»serve to space ammals over su1tab1e

&

hablutat. In such a situation, population contrel could be’

A

behavioural. Fish (1954) states this vibration is made in
: ! -

-response to fear and annoyance. Controlled laboratory studies-

would be beneficial in determining inter-.and intraspecific -
behavioural interactions. -

Pleuronectids - - : . . L

Although: P. americanus répeived-little attention throughout
the period of the present éi:u'd&, it ‘was, oc'caéionalgly, more
numerous than the longhorn sculpin.. Although less common in .

byer's 'Gul'cl}, the yelloﬁt'ail was often found concurrently with-

winter flounder. The 'interactions bei:ween these two species cduld

L d

- comstitute an 'Km\er&estlng study The Amerlcan plaice,

Ihppoglossmdes pla esso1des, was observed concurrently w1th ‘both

winter flounder and y llowtall on the sa'ndy bottom of area B. The
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inaldequate for study of the flounder ‘and yellowtail (see -winter
. ' 4 v e B
flounder-results) Use: of a shorter dart tag (p0551b1y 30 mm. . .

long) mlght‘p0551bly reduce v1brab10n caused wound enlargement.

7

Of interest in 11terature on w1nter flounder is the varlability

1

in their 6nshore-offshore movements -from one locality to another
. (Lobell, 1939; McCracken, 1963; Kennedy, 1964). Kennedy '(1964)

suggests such movements may be governéd by the state of the

gonad rather than temperature. It:is unknown if the graVJ.d

females seen 'in Dyer s Gulch in the. spring of 1973 spawned in ‘the

-area‘ or not:. )
Sonic Tracking
The inadequacy of st_ixdies, of fish movements, based on

periodic obser\}ations has -been exemplified in the present r‘esearch.

"The need for contlnuous mon1tor1ng of movements of . 1nd1v1dua1 fish

- lcou’lddbe satisfied by sonic tracking technioues Although pelagic

~§pecies have been-snccéssfully followed by use“of sonic tags-
(revieweéd by Stasko, 1971) benthic spec1es showing restricted
movements could likely provide, more .extenswe data: This could be -

‘ accomplished by a fixed inonitoring: system. ' .

Qu,a-ntitatii/e Analysis of’.Site .Association.

bih$on ‘-(1972) used a multiple éorrelation e.nal.).rsis to evaluate' .

factors 1nf1uenc1ng the vertical dlStr,‘l.buthIl of some 1ntert1da1 1
fish spec1es.‘ He did not, however, present models to descrlbe the
,a.bunda'nce ‘of the 1nd1v1dua,‘1' speeles. This may have been due to a

low multiple correlatlon coeff1c1ent. :

5

The general\madequacy of the predlction models of the present:.' '
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roy . '," . . ¢ .

study“'rhay‘ be attributed to 'se—vetal faetbrs-. At’ least one ‘of these

may be tested tvith the ptesent data. The incl:.llsion 6f a greet |

. ' number of zeros in the data tends to make the equatmns most
accurate only for those values of the dependent variable wh1ch

', . approac_h zero. This hypothe51s may be tested by decreasmg the

. 1‘:—:1me interval for whic;h‘any one equation is to be applied. By

limiting the time interval to 'th‘at period in which the _s"peevies of'

'_ o intetest' (dependent variable) ‘is present, the great prepond'erence

of zero observatlons can be avoided. - . |

These models may be greatly 1mproved 1n'future studies by

refining the techniques used in _obta1n1ng environmental data.

The -indirect measurement of random water movements does not permit

'fhe,extinct'ion coe'fficien't used in calculating r.ad‘i‘ant energy
influx at the various stations is greatly Jeficient. This is
especia1'1‘y‘prpnel’meed during periods of heavy rainfall when the

surfece \;atei's of Dyer's Gullchl ,becorhe markedly diseolored by

1 . . -

a

RN )

' watershedg This problem could be overcome by regular (da11y 1f

. : p0551b1e) determmatlons of the ext1nct1on coefficient.

P
LY

. 'I'he 1nc1us1on of bmtlc parameters among the 1ndependent AR

varlables of the models cannot be explalned by f1e1d observaltJ_ons

of thls research Although the multiple regressmn formulae

> Y. indicate these biotic parameters' contribute less to the equations '
than, the’aLiotic.pe;'emetex;s,' their significahce (p< 0.054) _in |

7

. PR . - - N .

_comparison of the various study sites with respect to this parameter. .

suspended soil particles washed 'irito the gulch from the sufrou’ndi_ng L



av

' L]

reducing the errdr in the dependent variable estimate warrants
future investigation of these parameters. No interactions
- . . . ) - f -

among .species were observed except for occasional, unsucces5ful,

attafyf longhorn sculpin on smaller fish species. Witnessed

— -
3

. . .
longhorn attacks on piec#€s of debris, animated by water movements,
rsixggests movement will‘ellicit predation responses for this species.
However, the non pccurraﬁcq of all but one of the smaller species

-among stomach contents of botﬁpecies of sculpin suggests

~

. . rd N .
sculpin are not effective predators on other benthic fish species.

:

Thise is supp.orted"by' laborajcor'y experiments .(Jer{kins, M.S'c.,'thesis,' . [

’

in preparation).

'

The fact that individual shorthorn sculpin will iﬁgest large
numbers of sea snails has been shown in this study. ' This is
possibly dué to the ]Soor swimming abili’ty of the sea snail and.

its corresponding vulnerability whenever it emerges from the
undersides. of rocks. In spite of this known predation, the

(-]

numbers of L. atlanticus per: square metre did not.contribute to,

_the . shorthorn models (.e'quatiops'(l and 2).

}

Many of the relatipns found in these models; such as the
negative ‘correlations of S. punctatus with shorthorn in equation

1, of U. subbifurcata with shorthorn in equation;2 and _p__.

subbifurcata with S. punctatus in equation 5 cannot be explained
by the present data, Such correlations warrant future studies

both of laboratory and field prié,ntatic‘m..
. . . . c -.' -: . ‘ o ',)_'

- . . N \-
v - .,
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APPENDIX 1 S : .
. T . N . ) Numbers of ''smaller species" Per Qbad?at_‘
L~ .. - : . : . . L 8 - -
. ~ . s .z L . - . - . I s~ v
. Site a . < : Y . : Site:c N N
‘Species Arctic Sea Ocean Radiated _ Young - Arctic . 'Sea Ocean Radkated - Young
’ Shanny - Snail Pout Shanny Sculpin Shanny Snail - Pout . .Shanny Sculpin
* "Quadrat 7 8 9 10 7 8 9 10-. 7 8 9 10 .7 8 9 16 7 8 9 10 2 3 4 & 2 3 4 &5 2 34 & 2 3 4 5 2 3 4 5
1972 X ‘ . g .
: ‘Aug. -4 6 319 12 N @ ' 30 11 X 1
Augﬁz' 7 3 9-.6 2 .. 1 2 5 1 o
e Ayg. 28 5 6 8 4 > -4 1 : . . :
TS Sept. 21 9 9 7 7 1 . 2 2o 1,4 65 3
" 1973 . N ° . T YL . . . - .- ) N
’ Feb. 27 . ' e, ’ 17 31 - ' 1‘.1
March -5 ) ‘ A T 21 "1 1-
. March 12 - 1 1 - _ o 1 i1 o, -
. »March 20 : 11 2. o . 113 ' i Cor
" April 12 - 1 ) . i 1 ) : I 5 . | 1 - - N\
April 17 L i : . - Rk . ' 117 . . B h
April 24 . - 1- 2 s ) A 1t .1 41 2 . - 1 v
.May 9 . ‘ _ 1 <1 _ ’ - - ) ¥ -
R May - 15 1 11 .1 S 1 1.1 ) .
May 22 1 . 1 . 1 1] 1 ‘ 1
' "May 30- » 12, 2 21 2
o June 6 ’ 1 2 D I 1 1- 1 3
June 12 - . . 1 2 & 11 ) 1 . . 11
June 28 _ o : . : IR S 1 1 ..11 1 11
July § ) B B Foo 1 1 .. 201 21 1
July 11 . > . .11 1 1 1 2 1 1 2
< July 18 L. ' . -1 . . 1. _ 1 2 .01 1 1
July 25 . " . . 1 1 2 1 1 1 1
D Aug. 3 40 ¥ r . 1 - . 1 1 T 1 . - 3
Aug. 8. 2 1 <1 - 11 -1 . B ©1 . ) 1
. Aug. 29 .2 | . s S T | 2 1 2 - i 1
" Sept. 13 o o ’ . ' 2 1 1 . - 3 "1
Sept. 19 2 o 2 . ’ N . 1"1‘ C - 2.1 11 1 1 2
. .. Sept, 28 21 1. 1 : 2 1 1 3 T - ' 11
Oct. 3 -1 12 5§ T 1 - . 21
- oet. 24 0 - 1 1. - 1 1 ‘1 - 1 11 1 1
. =" Oct. 31 1 S . _ 1 i 1 . . 1
' Nov, -7 1 o - i . o ) '\4 1 ) . 1 .
: Nov. 1§ S T ' . ‘ ‘1, 1 o2
. Nov. 29 ) ' : ' : ) L / . - )
- “Dee. 7 ; OO . ) - L . 1 , - . -1 1
Dec. 12 . ~ R ’ N . . 1 _ . | -~ . _ . 2 2
. Dec. 20 Coe : : ST S S 2 11
Y T ' . o L ' . S .
- . s ...‘ cow - - - d LY
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. . o’ Numbers of "larger species' scen per dive * !
’ @ : : S & ,
Date . Shorthorn Longhorn Untagged Winter ~ Yellowtail Sea Raven  Ocean Pout - I A
- " Sculpin Flounder " :
- 1972 . [ .
Jul ;so . 3 . ’ .P .
Ju 7 3 . :
July 28 . 1 . T . , ~ \‘;‘f
Aug. % 2 . S _— 1 4 .
Aug. 10 - 14 4. 1 1 )
Aug. 11 Y 7 5 ‘ Y, .
Aug. 14 3. 10, v . .
Aug.- 15 . 8 6 o 1 .
Aug, 17 2 . ° . . .,
Aug. 18 . . 5. ] i s , .
Aug, 22 ’ 3 S J
Aug. 23 9 .. 1 1 . 1 ve s
Aug, 247 4 . ’ -
Aug. 25 | . 3 1 , ! .
Aug. 29 1 13 4 1 .o !
Aug. 31 : - 3. . s -
Sept; S 2 1 . : .
Scpt. b6 3 1 : .
Sept. 12 . 4, 2 2 v -
Sept. 13 1 1 - . . .
Sept. 4. Y2 . ,
Sept. 2} . rA ~ 2 2 .
Sept. 22 * 3 . o2 - 6, -
Sept, 26 1 S ‘ ‘
Oct. §° 1 A
Oct.” 6 2 : ¢
Oct. 12 6 . ) 1 . !
pet. 16 2 1 Lt ‘ e ..
Oct. 17 ‘e o 1 . "
Oct. 18 - 4 1 . 1 . - | . .
Oct, 20 ° ) 1 > e, - -
t, 23 - s 3 1 2 1, .
i gcgt. 24 8 ;3 ' A 3 1 " " .
oct.® 27 3 . ’ L ,
Nov. 1 , 1 1 - N . . ', : g N
Nov. 2 1 “ . ) \.. .
Nov., 3 1 : - . i
Nov. & w1 1, ' - . f
‘Nov. _%’7 ™S 4 1 ,
Nov. 27 ¢ R 1 . .. <. . ) f
-Nov. 28 N 1 s , . D . -
Nov. 29 4 ‘ 3 I 3 ; ' )
Nov. 30 & 8. 1 . T
Dec. B 2 ot \ L
Pee, 22 7 1 ’ - . ; - . a0 o
Pec. 28 1. ‘ o AR
1973 © . : - T . :
Jan. 4 1 , s ‘
-Jan. 8 . 2 . ) . Y A !
Jan. u}'g . 1 v « " @ - . . :
Jan. . - ’ IR ) o
Jan.. 16 ! - 0 LT N .
Jan. 18- 5 . ‘ '
¥ Jan.. 22 ¥ v e . ) .
Jan.. 25 2e ’ » - ‘., .
Feb, 2 2 - ) ! - g
Feb., 14-, 2 .- o . . .
Feb. 16 1 - , . -
Feb., 21 ° ‘1 -7 . . -
Feb. 26 . * ‘ ' ' ot , e
Feb. ~27 _ v, T v
March § 1 i’ ' . .. o .
. March o7 2 : < » ST v * T
March 12 2 ~ N M « o
March, 70 \4 1 , , . .
March 23 I ' ;
March 26. - 27 f i .
April 12 ) . L
April 17 2 [ * T . "
My 2 1 N I
- May - 10 - 2 . , .
May <14 ° 2 : * :
L May 15 . 7 1 ’ - a1 . ‘ - v
May 16 .5 4 : LU ! -3 ' ’
May. 22. 8 2 1. ‘ . ? ‘.
o . £ 1 4 . *ﬁ *
. ) - .o ‘
ra 1w N
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Dhte " Shorthorn Longhorn Untagged Winter Yellowtail ® . Sea Raven Ocecan Pout
' - Sculpin Flounder ’ ’ .
My 24 )
May 29 N 1 ¢4 ‘ '
May 30 ‘o, . a,
May 31 8 . 5 , 1. :
June 1 4 12 1 - R . .
June 6 1 5 -
June 7 6 5 2
June 8 4 .6 . !
June 1) 8 - © 6. 1 . 3 1,
June. 12 6 7 20" ’ 1 r -
June 13 7 10 o2 1 T
Jung 20 A 6 J 3 ’
dune 22 ‘8 11- ’ : :
June 26 14 . 45 43
June 28 -6, 18
Jung 29 <10 6 . oy
July 3 8 26 ! ' ’
July 4 4 ’ . - .
July & 5 8 °* 17 . .
July, 6 2 19 ¢ 19 . 2 1 . 8 ' 2
July 16 . 2 ) , o .
July 11 1 18 13 RS | e, ) . v
-July 13 2 11 L . : .
July 16 6. 20 . .
July 17 ,,3 16 , 30 1 -
July 18 2 16 . 20 . .
July 19 1 33 ’ . AT 4
July 20 5. . 38 o " 1. < e
July 23 7’ 28’ 6’ 1 :
July ‘25 3 A 25 7 ’ . ¢
July, 26 - 2 19 . v 1
July 270 2 e 28 13~ . -
July . 30 : v, 3 % . :
July 31 ¥ 17 3 .
Aug. 7 2 10 - 3 I ‘.
Aag. & 1 167 8- e
Avg. 9 . 1 , 12 3 - i - " o
Aug. 10 ¢ 1. 17 . C s Y , L -
Avg., 13 2 -, . . : . 3
Aug. 20 17 ~ K . . ‘
Aug. 24 2 7 . -, - . .
hug. 27 .7 8 6 ! - - v
g. 28 . 6 . 4 .
Aug. 29 s 2 3 "
Sept. -4 9. 1 . o, .
Sept. 1} 5 .3 : .. . - ' !
Sept. 13 . 3 5 . - ’
Sept.. 19 s - 4 - . = -
.Sept. 21 4 | \ i
Sept. 24 -7 s 1 . .
- Sept. 25 2 1. : , o
, Sept. 28 3 . .
"oct. 3 2 1
Vet. 4 . 1 v 7 ° -
oct. 14 . . ).
Oct. ' 17 2 ? - . . : o . )
Oct.” 18 | 1 1 T ' C :
Oct. -22 -7 -1 ' - :
Oct. 24 2 ) . :
Qct, |, 26 8 . . . .
Oct. 31 © 13 . '
Nov. 1 _, 2 8 :
Nov. S 2, Yo" o
-Nov. 7 2 . . .
Nov. 9 7 R : . -
Nov, 16 1, . . ..
Nov. 197" -6 . - .
Nov. 20 { V. a7 . )
Dec.. 7 - . ’ R
pee. 12 e 3 o [N ) L N
. Dee, 17 . 2 T ] Lo B .
Dec, 19 B . ot o ' -~ ‘
_ Dec. 20 2 S e .o,
“+ 4 Where scveral dives were nade during one 24 hoiir-Intérval (ie. June~26, 1973),
® . total numbers of fish recorded ‘are blased upwards due to repition of counts: =
. .
X . SNa ’ :
. \ ; ! A
r ; ! * *



B t - 1]
. N N
© (\k < ° .
- N~ N . .
N . ¢ - ' - ’
v . . .
N ; - b -
+ B
K ~
M N . . *
!
7
] “
’ ) ' .
. h -
- !
N B t o
\
- ~ ‘\
- B .. ) . -
. .- -
v . -

; oy Tl . ’ ) - N
& S K
o L T -t o 171 .. - APPENDIX IIT .
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L L . . Correlation Matrix for Sitea .
. ~ - ’'Number of "smaller species'' per square metre ' ) v . i . .
Longhorn - Shorthorn “Arctic’ Sea, Ocean.- Radiated Juvenile  Water . . Temperature Radiant - Photoperiod Precipitation
L ) . ‘Shanny. Snail Pout - Shannmy =  Sculpin Movement = - i Energy L L :
. M - : T. . ‘, ALY . " -~ - : . . . : ’ " . - ) .
: Longhorn 1:00008 . o A R S S :
Shorthorn ' 736775 1.00000 . - . . ‘ - " - '
Arctic . ' 0 04860 -0.12002 1.00000 : . S o S ' R
. Shanny — - . - . . ) T ' R A . ) .. . .
: ¢ 'n -0 " . - P o
Sea - PRI ST : L - B L
—— mit— . 011770 -’ -007256 -0.05406 '1.00000 : . _ S : ..
Ocean - 912775 0.12408 -0.10335 -0.04831 1.00000 . : e - o ‘
. Pout - < . A Lo . . . i . . L S s
) ‘Radiated .- ) ' b - : A 2 Lot o ST R
adiat © -0.05081° -0.06984 -0.01772 0.05996 -0.07668 1.00000 S R - : R L
Shanny R > : . . . ... . : e -
o . e ’ . e S, . . Lo . : : . N ’ . ~ ; - t , - N
Juvenile ' " _g 93958 “-0.07538 .-0.00361 -0.07395 -0.11366 -0.01430  1.00000 = S L . .
-Seulpin - ) : ST ) D . . . ‘ ] '

“a - . - . - - ) RN R
Water . - o . . 0.15514 i s
o et |-0.20686  0.02288." 0.04510-0.06998 " 0.15514 0.05515  0.03373 " 1.0008% -
, Teperature  ° 0.29503 0110240 - 0.36231 -0.27305 0.07670 “0.14366 -0.11329  0.,28514  1.00000 . o .

N s

: gﬁgi:;t ' 0.32554 . 0.27803 -0.09963 0.00776 0.15506 0.07153 ° -0.84399 -0.21002 = -0.06472 .  1.00000 .
. o&’- ’ 2 : ) : . . .

_Photoperiod » . 0.38385 .-0.27703  0.02604 -0.01250

.

4951 0.13223 -0.09943 -0.22645 0.13620 0.71268  1.00000 - .

. TPrecipitation -0.02569 0.00842 0:05925 -0.07806 - 0.151§9 -0.03686  0.14158 -70.21863 0.13703 0.02746  0.09445 * 1.00000

- ‘ - . ) ~ - . PR ' .
A LI N A ® N . < . : " N . N ~ Lot . N “ .
- .« . . ’ . ) - v . 3 - . : BN )
. . . ) s RS L. . . .. . . . . s
- . ’ . L f . . . . . . .
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: e - . A Corfelation Matrix for Site C ;. . L~
I N - Number of-"smaller species' per square métre - e . s . . _
. “Longhorn Shorthorn Arctic ' Sea” . Ocean  Radiated Juvenile  Water Temperature .Radiant ‘ Photoperiod .Precipitation
. . : Sharny -Snail Pout: -+  Shanny - Sculpin “Movement '.* Energy . o .

4

-~ »

Longhorn " 1.00000 ' o R " . - . ' e

" Shorthorn . .-0.11323 ~.1.00000 ot e R R _ T

 Avctic -+ ..°  0.20986 -0.13124 1.00000 © ... T . . e T T
.Shanny T 9. U K . R ,

Sea - -0.16177 .0.08475 -0.25800 1.00000 - e .
A ) . L ; : - ' . ~' . . ! . N e . et
Ocean 0.08194 0.05779 -0.14267 0.13193 1.00000 - R R
Pout » . o ) . P -t ' . . R :
Radiated * -  -0.13071.-0.10246 -0.07168 -0.04784 -0.04634- 1.00000 T o IR - ‘
Shanny . - - K - . . . . . . . s
. ~ . . : v - . - 1Y : . N
Juvenile 0.03846 -0.12218 -0.01118 -0.23152 -0.03572 0,04260  1.00000
.Seulpin’ - . . . . - . :

. . - . - . R
~ . .- . . ~ L. v . e

, - Water - "*0.07220 0.14305 0.12900 -0.18074 -0.05121 -0.06561 . 0.15i61  1.00000 -~ - - BER .
-~  Movement . . Lo L. . - . T : :
Temperature * .  0.51075 -0.19829 _0.38290 -0.40782 0.02099 -0.06399. 0.29840° 0.28123 _ 1.00000. =, .. o S
‘Radiant = - 0.26003 -0.11258 -0.18249 0.04449 0.32899 -0.22029 -0,07554 ..-0.20335." -0.06394 1.00000 . . . .
. ‘Energy - ' . . . e - ‘ R NP \

 Photoperiod~ .  0.51674 '-0,20864 -0.07937.-0.00945 0.37439 -0,I3305 -0.08915 -0.23451 .- 013718 0.71244  1.00000

g

*  Precipitation _ 0.19376 -0.02652 - 0.13801 -0.10993 -0.05603 -0.09286 . 0.02297 -. 0.22056  0.13428 -  0.017%6 0.09200  ~ 1.00000

* . - : -
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1973 -
Aug: = 30
Sept.

" 'Sept.

. Sept. -25
Oct. 2

. Oct.

<Oct. _ 31

. Nov. 7

. Nov. _
Nov. 29
Dec. 7
Dec.. -

12

MRS

3

s
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Fd

Fluctuations in Concentrations of Metals (mg./litre) .

.Site a

- ——men .
-~ o,
o,
- s,
e

. ] . . j ’ , I .Site ¢ .
Magnesium Manganese Iron .Copper Zinc Lead Magnesium Manganese Iron Copper. Zinc Lead
.- . - 7 B N ‘ A N ) - - LI "‘_
 1072.8.. -0.05  0.27°.0.06 . .. 0.44 - 1072.8  0.05 - 0.28 0.05 0.47
- 860.0 .0.06 0.33 0.06 .0.09 0.53 _-:926.0 0.05 .- 0.25 .0.05 0.08..0.53
842.5° 0.05 0.30 0.05 0.07 0.49 . . : _ ‘
1009.6 0.06 . 0,16  0.03 nd ' 0.54 - 1038.5° 0.06 0.16 0.03 nd 0.52
1048.1° . 0.07 S 0.19 - 0.03 "nd - 0.57 - 1019.2 0.06 0.20 0.03  nd °0.55
1009.6  0.02 © - 0.02. nd 1064.1 0.01. 0.03 0.01
1049.1 nd . °0.16 0.03 nd - ©. 1009.6 nd 0.14 0.03 . nd .
1009.6 0.01 0.14 . 0.05 .nd 1019.2 - nd 6.12 0.03 nd -
. 1086.6 0.01 -  0:13 0.05 ‘nd 1048.1 0.02 0.13 0.05  nd
1105.8  "nd- 0.15 0.04 nd -1105.8 nd . 0.15 0.04 nd
1086.6 0.03 0.20 0.06 " .nd 1096.2 0.04 0.18- 0.05 nd’
1067.3 0.04 +0.23° 0.04 nd T L
.nd=not detectable - : ’
A















