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ABSTRACT

Haddock (Melanogrammus aeglefinus) and Atlantic cod

(Gadus morhua) maintained in aquaria and a live-car were affect-

ed differently by water temperature and other conditions in the
confined areas. Haddock suffered greater mortality than cod in
water warmer than about 65° F, and colder than about 35° F.,

Cod were unaffected by these water temperatures, and were more

resistant to diseases that affected the haddock.
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INTRODUCTION
Physiological experiments, certain age and growth studies,
and preliminary trials of tags are best carried out with fishes con-
fined in aquaria or other enclosures, Qur experience in such ex-
periments, with marine fishes of the cod family, however, has
been limited by high mortality rates caused by disease and, pre-
sumably, lethal water temperatures. For example, our aquarium

studies with haddock (Melanogrammus aeglefinus) usually ended in

the early summer when the fish died from what was suspected to

be the effects of the relatively warm water in the tanks., In contrast,

occasional specimens of Atlantic cod (Gadus morhua) and pollock

(Pollachius virens), kept in adjacent tanks in water of the same

temperature thrived, and apparently were not affected by the water
temperature. These observations prompted a re-examination of
data recorded during the experiments, particularly the relation-

ship between water temperature and fish mortality,



In the former U, 8, Fish Commission Hatchery at Woods
Hole, cod were kept in basement tanks and remsined alive as long
as the water temperature did not go below 30° F. because ", , .at
20° (F, ) all will die”, (Carswell, 1889). In 1901, 500 to 600 cod
were hald in cutdoor live-cars at Woods Hele, but when the water
temperature fell from 31* F. to 28* F,., and rersained at that low
level for the greater part of & mouth, all the cod died {Sherwood
and Edwards, 1902,

MciKensie (19356) kept cod in tanks at 8¢, Andrews, New
Brunswick, snd at the Eastern Passage Laboratory, near Halifax,
Nova Scotia. He reported that & large proportion of the large cod
will die when the water temperature rises above 50* F, , but the
very small cod will feed in, and survive, water of 88° ¥, His
experience with cod at low temperatures indicated that st 31° ¥,
the fish do not appesr in distress, but rather appear quite at
ease, swimming very slowly with & greatly reduced respiration
rate, He reported no ebservations for ced in water colder than
31* F,
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Abonrt 100 cod, from 11 to 17 inches long, were kept in
wooden tubs at 3t. Andrews for 54 weeks (Kohler, 1959), Dure
ing the trip from the fighing ground to the lsbaratory, the fish
endured a change of water temperature from 44, 6" 10 65, 4* F,
and in the laboratory endured temperatures from 57, 7% to 38, 1° F,
with no mortality that could be sttributed to water temperature
{KKohler, psraounsl communication).

In their natural babitat in the ses, cod are at home in
any temperature from 323° to 50°-55° F,, but large cod tend to
avold water warmer than sbout §0° F, , although they are abund-
ant at times {n temperatures as high as 58*~-50° F, on Nantucket
Shoals (Bigelow and Schroeder, 1853).

Wine, {1058} made an extensive revisw of cod and hydrog-~
raphy and concluded that ", , . under appropriste circumatances
some cod can survive from temperstures near the freesing point
of sen water to 20* (C)"; that is, from about 38* F, to 68" F,



hure tolerances of haddook, on the other hend,
nve mm»wmmmmwmummm

from §7. 3% to 88, 0* ¥, mmmummmmww
teperature, the fish appeared in good condition sven when they
rificed at the end of the experiment,

hm, haddock seem io nvoid water colder than 54° and

warmer than B0°-85* ¥, (Bigelow and Schroeder, 1953).

Pollock are considersd cool-water fish, and genervally are
not found in water warmer than §2* or cooler than 32* F, (Bigelow
and Schroeder, 1953), I have seen oo recerds of their terpera~

The present paper reports my cbservations of what appar~
sntly are Jethal water temperatures for haddock, with sdditional

tiong of surviwl of s few cod and cue polloek, The obser-
vetions wers made incidentally, during the course of two experi-
haddock, ¢od, and one pollock, in the syuarium and in & live-car,
tags on the fishes, I is unfortunate, therefore, that no controla
were eatablished o help determine more precisely the sxact
ause of death; i, ¢, , lethal waiter tempersture, diseass, crowd-
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ratory squarium contained 12 indoor tanks, each
mmawm Flowing sen water, st the rate of four
changes per day, was suppiled 10 the tanks from Grest Harbor, ou
which the laboratory is locsted, The water temperature in the
tanks was recorded with a Bristol recording thermometer, We
made 5o salinity determinations, However, the average salinity
of the water fn Great Harbor i 32 parts per thousand, and, be-
was pumaped into an outdoor, slevated wooden holding tank adja~
and to the individual tanks, Becsuse of the location of the bold-
the summer and colder in the winter than the barbor water, by
pbout 1* 10 2* F,

ped frosen Atlantic herring {Clupea harengus) at the rate of about
one cunce of berring per fish every other day. mwmrmm
of uneaten herring were removed from the tanks while the scraps
weres quickly consumed by bermit orabs in the tanka,




THE EXPERIMENTS

As stated before, the two experiments were conducted pri-
marily to study the effects of tags and tagging on the fish, Some
of the results have already been published {Jensen, 1958), The
results of fish survival under conditions of both high and low
water temperatures, not previously documented are detailed below,
Experiment No. 1

The fish used in this sxperiment were captured by otter
trawl on Georges Bank during Albatross II Cruise 58, April, 1958,
A total of 168 baddock and § cod were transported to Woods Hole
on board the vessel in wooden tanks supplied with running sea water,

arrival at Woods Hole, the haddock wers disiributed in
11 tanks, and the cod were placed in s large tank in the basement
of the buiMing, Some haddock begen {o die on the second day, and
the mortality continued throughout the experiment (table 1),




Table 1, --Water temperature and fish survival in the aquarium,
1955 experiment

Water :
temp. Number of fish alive
Date (°F.) Haddock Cod Remarks
April 12 44 168 5 Fish placed in tanks
April 19 46 127 5 Largest and smallest fish
seem to die first
April 26 46 83 5 90% of fish diseased; began
'to offer food
May 3 49 59 5 Some haddock recovering
from disease
May 9 93 43 5 Tagged 36 liveliest haddock
May 16 54 37 5 Decline in feeding noted
May 23 57 30 5 Pop-eye noted in many
haddock
May 30 59 28 5 Fish feeding well again
June 6 60 26 5 ——————
June 13 62 25 5 50% of haddock affected with
pop-eye
June 20 67 22 5 = emee—--

June 27 69 22 5 More than 2/3rd of haddock
I not feeding
July 4 70 20 ,5/ ¥« One cod dead, cause unknown
4

July 12 70 All dead Surviving cod sacrificed




The greatest martalily occurred in the first four woeks
when 135 haddock, nearly 76 psrcent of the total, died. No doubt
many of theae fish wore usable o acclimate to the artificial en-

viroament of the aquarium, . Disease, however, alsc added to the

high death rate, Many of the fish became covered with whitish
spots, believed to be a fungus, although the pathogen was not
identified, Others became affected with » generalized fia-rot
in which the tissue betwesn the fin rays becams reddened and
caudal fin, although the dorsal fins also were involved,
disense cleared up on mest of the surviving fish, a few exhibit-
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After about ® weeks in the tanks, the haddock became
iaterested in food snd began to feed actively on the herring
inte part of June,

As the water continued to warm, the haddock lost inter~
est in the food, and by June 30, with the water at 89° F, loas
than one-third of the fish were feeding, By July 5, with the water
tempersture at 70° F, , the haddock had ceased to feed, and during
the week of July 4-13, the 30 remaining baddock died, I suspect
that T0* ¥, is sbout the upper lethal limit for haddock,

The five cod were unaffected by the water temperatutes
well throughout the experiment, Ouoe died from unknown causes
on July 8, but the four rexmaining fish were in good condition when
they were sacrificed on July 12,



From November 1858 10 June 1588, baddeck, cod, nnd one
poliock were tagged and kept uader chservation to determine how
woll the fishes telerated tage of mrious design; and to determine
changes in fish length and patiern of scale markings, Because of
some techuical diffioulties, expinined lster, ouly part of thwe ex-~
porimantal ohjectives were achieved, Howewver, some interest-
ing observations were msde of fiah survival under conditions of
both high and low water temperatures and extreme erowding,

The superimental figh were captured by otter trawl on the
Highland Grounds, about 10 miles north-northeast of Provincetown,
Massachusetts, during & erulse of the chartered commercial fish-
ing vessel Priscilla V. On November 10, 1885, x total of T1
board the vesas] in wooden tanks supplied with running ses water,




At the laboratory, 36 heddock and the polloek were placed
in four indoor tanks. The remaining 35 haddock and the 5 cod
water temperature in the live-car was measured daily with a
pocket thermometer graduated in whole degrees
A few observations were missed when I was away on fleld work
tures reporied at the adjscent Woods Hole ‘
Hon (Bumpus, 1887),

The initial mortality of haddock (takle 2) was much less
than in Experiment 1. Fin-rot disoase affected haddosk both in
the squarium and in the live-car, but the ood and pollosk showed
no avidence of the disesse, A few haddock died each weok in the
tanks, but the heaviest mortality cccurred (n the live-car, Twelve
haddock died during the first week in the Uve-car, and 17 more
died during the menth of January when temperstures in the low
30's prevailed, Temperatures in the aquarium were similer to
those in the live-car and veached & low of 31* ¥, on Jasuary 2,
1088,
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Table 2. --Water temperature and fish survival in the agquaritum and in the

live-car, 1955-1956 experiment

T e Foa log Live-car
Water No. of Water No. of
temp. haddock temp. haddock
Date (°F.) alive Remarks (°F.) alive Remarks
Nov. 20 49 36 Fish placed in tanks 49 35 Fished placed in
live-car
Nov. 28 45 30 Fin-rot showing up 45 23 Fin-rot same as in
aquarium
Dec. 5 44 27 Fed fish, very hun-. 43 23 Fed fish, very hun-
gry gry
Dec. 12 39 26 0 —---- 40 23 e-m--
Dec. 19 38 24 m---- 39 21 Decline in feeding
Dec. 26 34 23 0 - 33 21 e
Jan, 2 31 19 Water stoppage in 30% -- No observations made
one tank killed 4 fish
- Jan. 9 34 19 ----- 32 -- No observations made
Jan. 16 36 14 Tagged all fish = 33 8  -----
Jan. 23 34 14 Decline in feeding 33 6 Decline in feeding
Jan, 30 33 13 - 324 -- No observations made
Feb. 6 35 13 e 37 4 Tagged all fish
Feb. 13 35 13 - 36 3 emee-
Feb. 18 35 12 Pump broke down, 37 2 ==
transferred to live-
car
. Feb. 21 -- - === 37 14 Additional fish from
aquarium
Feb. 27 - -~ meme- 36 14 Feeding improving
Mar. 5 - -~ meme 36 13 Fish feeding actively
March 12 -- -—- emme- 37 13 -
Mar, 19 -- -— mmemee 37 13 -
Mar. 26 -- -— mm—ee 39 12 Fish active, alert
and feeding ‘
Apr. 2 - ~— m=mee 39 12 - !
Apr. 9 - -— === 42 12 —--e- :
Apr. 16 -- -- m==m- 43 12 Fish actively feeding |
Apr. 23 -- - =m==- 46 12 Removed 4 live had- |
dock
Apr. 30 - - ===-- 46 8 - Removed 8 live had-
ﬁck T
May 7 -- -- - 47 % --/ b5 codand 1 pollock\\
/ alive i
May 14 - T et 49 -F 5 cod and 1 pollock
/ alive
May 21 -- e 55 -= 5 cod and 1 pollock
k, alive
May 28 -= -— === 55 -- 5 cod and 1 pollock
! alive
June 4 -~ -- memee 58 - Removed 3 cod
June 11 - e 65 N Removed 2 cod and
1 polloch§ '
* From Bumpus (1957) L Fowe ) '3;”
sho ! e
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The fishes’ interest in food searaed to be affected by the
waler temperature. REarly in December, all the fish appeared
hungry wad fntevested in the food offered to them snd hegun to
foed aetively, but, by the end of Jasusry, fellowing the pro-
longed cald apell, ueither the fiak fu the aguariam nor in the live-
car showed an active interest 1o the foad, The lack of interest in
food continusd wntil about the niddle of March when the fieh be-

Ou February 18, the aquarium water-pusep aystem be-
came inoperative and could not be repoired, and the 13 surviving
haddock and the pollosk were transferred o the live-csr, Al this
time suly two haddoek remained altve of the wember eriginally
Placed {n the Hve-car, but the five aed were sll alive, sotive,
and, %o all appearences, quite healthy.

During the nest twe months hadéock mortality in the Hve-oar
was almost uil; only twe fish dled. The 13 surviving haddosk were
removed alive from the car during the Jnst week in Apetl, trens-
ferved to a large cutdoor posl, snd ueed 1n & test of underwater
telovision, Becewss of the physteal Hmitations of the poel, we were
able 10 recapture oaly one fish for further study; the others were
Jost o the experiment. o
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The five cod and the pelloak continued to thrive in the
Uwe-cer, even into June whes e water temperature reached
S3° F. The study ended in June whon, on two seperate days,
sdapied well to coufinoment in the lve-~car.



that undoubiedly made them more sensitive to tempersture
and the lower leihal tempersture is probably 81° F,
seemed botter able o adjust to captivity, Cod were ebls to
tolorate tomperatares as high an 70° 7, and as lowas 31° ¥, ,
while the one polleck was able to toleruts temperatures as high
asdi*?. avinslowas 31° ¥,
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