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LNTROUCTION
Comparatively few studes on the food snd feeding habits of the
haddoek have been donductéd on this side of the Atlantic OUcean. In
nt

view of the lnck of knowledye concerning this problem the pr
study wes undertaken.

The purpos@ of the investigation has been, first, to ascertain
the relative importance and abundance of the food organisms eaten

seeond, to ascertain whether or not there was a vardation in the

kind of food eaten in different localities; third, the determinat-
lon of a senscnal variation in the ind of food takenj fourth, the
evaluation of the proportions of feeding fidh at different seasons

of the year in an effort to show the existence of a fast a. the

a

time of spawningj end fifth, to determine the presence of o
of a variation in the diet of large and small (adult and young)
neddock.

Beview of the Literature.

During the past fifty years the importance of detailed
knowledge of the food and feeding habits of the commercial fishes
hes graduslly come to be realized. Since 1900 a grest deal of
work has been done on this problem, particulsrly on the Buropean
side of the North Atlantic where Scottidh, English and Danish
workers have been foremost in this line of investigetion., When
this work had progressed to the point shere the chief types of

food eaten by the various speeies of commercial fishes were known,

the question arose =s to how much potential fish-food wos to e fourd

on the sea=floor and whether or not the quantity varies in different
areas. Around 1910, Dahish workers under the leadership of Feterson,
began an extemsive quantitative investigation of the bottom invert-
ebrates in Danish waters in an attempt to evaluate the sea-bottom
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and 1ts production of fishefood, The value of such work was
quickly realized and to-day it forms an important part of the
fishery research program of most maritime countries.

MacIntodh (1874) in his work on the marine fauna of 5t, An-
drewa (Scotland) listed a large number of species as comsonly occurs
ing in haddogk stomachs. His interest, ho ever, was only in the
nusber of species he could collect from stomachs. Brook (1687),
it (1688 and 1889), and Smith (1889-92), among the earliest in-
vestigators on the Zurppean side of the North Atlantie, examined the

contents of haddock stomachs in an atiempt to identify the species
present and to show the relative quantity and frequency of the var-
ious groups of organisms in fish stomachs collected from different

localitien. These workers listed the different food organisms and

gave the total numbr of stomachs in which each species ocourred.
tomach contents

¥o records of the size, weight, or volume of the
were made. Nor was any atteupt made to correlnte a seasonal vare
iation in the type of food teken and the sexual stages of tne fish
from which the stomachs were taken were not determined.

Todd (1905 and 1907), in carrying out this investigation on
the food of fishes in the North Sea, examined the stomachs and in-
testines of one thousand, seven hundréd and sixty-six haddocks.
The fish were captured by means of a steam trawl., The number of
nt

stomachs in which a particular orgsnisu was Tound to be pre
food were recorded nccording to date and locality. A variation in
the type of food on different rounds was observed. Todd found

onily four empty stomachs among the large number of haddock stomachs

exanined by him, This observation caused Russel (1914) to make the
statement thqt there was no cessation of feeding among haddock dure
ing the winter months. Such an extremely small number of empty stom
achs was in all probabllity due to thé method of colleetion. namelv.
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A selection of stomachs containing foods

Carr (1907 and 1909) examined a small musber of haddock taken
in the Irish Sea by stesm trawl, It was observed that the majority
of empty stomachs were found in fish landed during the period from
that fish eat little dur-
ing the later winter months., The food found in the stomachs was an-

December te Nareh and the author eonelu

alyzed on a basis of occurrence per stomach onlys

Toulsen (1928) examined the contents of a few hundred stomachs
taken from haddock caught in the Belt Sem and in the Western Baltic
Sea, with a Danish seine, He weighed the contents of each stomach
and identified the £00d organisms present. The relative importance
of the different food grougsvas deternined on & basis of percenta

weights and from this he attempted to show why haddock in the bove
mentioned areas had a faster growth rate than haddock in the North
Sea.

Tdelson (1929) studied the relation between the food of the
haddock and the distridution of botton animals in the Barents Seas
The stomachs were taken from Irish caught by steam trawl. The an-
alyses were based on the or in the stommchs, of

the more important food groups, with no regard for size or welght,
The author found that the distribution and the nutrition of the ha=
ddock corresponds quite well with the distribution of the bottom
organiems.

On the North Aserican side of the Atlantic Ocean study of the
food of fishes has, in gemeral, been slow to develop. Atwood (1864)
exanined the stomach contents of a few dozen specimens caught off
the Maine Coast, ns & study in the variety of organisms eaten by
the haddock, He prepared a 1ist of the different species of animals
found in the stomachs but gave no information as to the relative
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importance of the different types eaten. Daird (1886) summarized
the work done on the food of fishes in the United States up to 1676,
A list of the different organisms found in haddock stomachs was
given.

A report on the food of the haddock and related species was
published by Kendall (1898) giving » long list of species found
in the stomachs of haddock Gawght off the couss of New England,
Kendall concluded the food of the haddock and the cod to be, in
the main, alikes

Clapp (1912) examined the stomach contents of over fifteen
hundred haddock csptured by steam trawl on Georges bank and coms
pared the species present as food with dredge hauls made on the
of

sane ground at approximately the same time, A marked degr

similarity was found to exist between the sipecies eaten by the
haddock and the forms brought up by the dredge.

Needler (¥5 1928) examined the contents of a large number
of stomachs teken on hand lines, line trawls, and in trap nets
at various fishing centers along the Nova Gootian coast. He
determined the approximate proyortions of the different food
groups eaten by the haddock by making volume measurements, and as
far as is known at that time represented the only quantitative
investigation on the food of the haddock that had ever been
carried out on this side of the Atlantic.

Viadykov (K5 1933) abalys
haddock stomachs taken from fish cought mainly on line trawls and

the contentx of a few hundred

handlines on inshore grounds off the coamst of Nova Scotia. His
method was to weigh and count the various groups of organisme

present
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Gome results of the present investigation have already been
described, Vladykov and Homans (1935) showed that the mature
haddock ceases to take food immedimtely prior to and during the
time it is spawning, The same suthors (LS 1936) reported on the
food of haddock caught by steam trawl on the western banks over

@ period of one and oneshalf years.

MEINODS

A brief deseription of he methods used in collecting mate
erial and in enalysing the stomach contents.
gellestion of Material.

As & rule only the stomachs of haddocks,vere codlecteds
In the case of trawler caught fish the stomachs were removed from
the fish immediately following their removal from the trawl,Random
sampling was practiced in that the stomschs were not selected.
The stomachs vere placed in quart "perfect seal® jars and covered

wit/ a sixeeight percent solution of formalin, ns a preservative

It was found that stomachs preserved in a formalin solution of this

strength for a period of two or three days became hardened and were

then much easier to handle for purposes of examination than

uppreserved stomachs which even when very fresh were soft and
flably, making them extremely difficult to work with, Hach jar
of stonachs was labelled as to location of ocapture, date, bottom

temperature, depth of water that the fish were caught in, the

nature of the bottom, and in some sases correspondence to enveloj

containing information on the size of the fish, the sex, and a
sample of the seales.

In the case of haddock caught on the inshore grounds, two pro-
cedures were followed, The séomachs were removed from the fish at
the place of capture and treated in a similar manner us that deserbbe
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ed above for the stomachs removed from trawler fish or the haddock

were shipped in a round state and the stomachs removed in the
laboratory. In either case full information was obtained concerning
location, date, depth.of water; nature of bottom, and the kind of
bait used, for haddock caught on the inshore areas are mostly

A number are caught in

captured by line trawls and handlin
trap nets. z
METEODS OF ANAIYSIS

At the beginning of the investigation the contents of ten
stomachs were emptied together into a container and weighed, The
mase of fo0d was then sorted out into the different systematic
groups that hapyened to be represented and the specimens in each
group were weighed, counted, and measured. This method of snalysing
the stomach contents was soon discontinued because it dfid not yheld
sufficiently detailed information ms to the actual occurrence per
stomach of the typical food organisms, since in one sample of ten

stomachs specimens of an organism might be present in each of the

ten vhereas in another sample 1t could be represented in one
stomach only, yet the total weight of the specimens be equal in
both cases.

In order to overcome this difficulty the nnalysis of individual
stomachs was resorted to, The food content of each stomach was
sorted out into the systematic groups present, and weighed, counted
and measured as before, This meihod,which gives complete information
of the food of each stomach examined was used for thé remainder of
the investigation.

4 certain amount of difficulty was encountered in making accurs
ate measurements of Bhe food organisms due to several facto)

mmhdmmuwmmsmﬁ

such

ete.
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wherewhr possible the greatest lemgth was memsured. This was done

in the case of fish, worms, mollusks ets. Lchinoderms were meamured

2t their greatest diamet In the group all

for crabs were made by memsuring the length of the carapace. Shrimps

were measured by taking the distance from the eyes to the end of the

outspread tail.

In counting partially digested and broken food organisms only
some charncteristic portion of the organism was counted, (for example
in the case of fishes, shripps etc. the heads were comnted).

In many cases where the stage of digestion was advanced it
was impossible to count the numver of specimens pri
ately.

A record was kept of all empty stomachs. In the text and tables

nt very mccur-

the term "full” is used to pepresent a stamach containing any food,
regardles

of quantity.

The present is concerned with adult fish of commercial
size mostly (varying appreximately in lemgth from three hundred mill=
imeters upward), In the commereial fishery, haddock less than five
nundred millimetres in length are apoken of as "scrod® fish, while
those fish above that length are known as “"large" fish.

Certain méthods of analyzing the stomach contents that have

been used in the past by other investigators were discarded in favour

of the one used in the present work. Todd, (1905 and 1907) in his
extensive studies of the food of fish

in the Jorth Sea, counted only
the number of specimens of each species present, pee stomach, This
method is obviously inadequate from a quantitative standsoint as
nothing is kuown about either the size of the weicht of the organisms
present, Needler (MS. 1928), Ritchie (1933) and, Thompson (1923)
based their amalysis of the food composition of the haddock on the
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measurenent of volumes. The volume of food present in a stomsch wis
defined as the number of cubic centimetres of liquid displaced in a
graduated cylinder when the contents of the stomach was added. This
method when used alone lacks information concerning the number and sizm
of the specimens present and in addition it is a very time-taking
and tedious method.

Blegvad (1916) and Foulsen (1926 and 1928) weighed the different

food groups present im the stomach and supplemented their results
by counting the individuals of each species present.
katerial.

The material collected for the study can be divided into

two main groups, those stomachs collected from haddock caught by
stram trawl on the fishing banks lying at some distance off the
csast of Nova Scotia and which may be called the offeshore grounds
and in contrast to this group, the stomachs codlected from haddock
eaptured by line tra¥le, hand lines, and trap nets on the inshore
grounds adjacent to the coast.

About ten thousand six hundred stomachs were examined from haddock
taken on the off=

ore bank areas dueing the period from September,
1934 to Januray, 1937. A glance at Table 1 which shows the areas both
off-shore and in-shore from wiich stomnchs were collected will serve to
indicate the ehief arens where samples-were obtained . It is to

be noted in the case of off-shore samples that the areas named are

of very wide limits and samples collected from nlong the outer

edges of a bank area are included in the totals for that particular
bank, For instance the region lying immediately to the eastward of
Emerald bank well known to fishermen as the "Gully" is included in

the Emerald bank area. In addition to the vbove a number of stomachs
peFre bank, the Grand banks of Newfoundland

were obtained from St
(Whale Deep) nnd from Georges banks



Table 1.

A _List of the localities in which samples were collected.

offshore Collections,

Locelity Date No. Stom.
Georges Bank June, 1935, 179
ZEmerald Bank Nov. 1934, o7

L . Jon, Teb.
¥ar, & Apr. 1935 2149
. . Jan, 1957, 100
Bmerald Bank Region April, 1935 86
. AR December, 1935. 0
. N Jan. Peb. 1936. 1610
. LI March 1936 520
A €AW April, 1936 279
. 2 g Yay, 1936 104
Sable Island Bank Sept. 1934 397
. s = Oot =N 301

» L o July, Sept.
Octs & Nove 19355 1478

i e Xay, 1936 26
¥iddle Ground Region  Oct, Nov, 1934 24

¥ ol A May, June & Aug.1935 1368

. . . August 1936 123

» . i April- May 1936 392
Bangvereau Hove Dec. 1934 519

¥ December 1936 149

St. Fierre Bank July, Aug. Sept.
Octobver 1936 280
Grand Banks Sept. 1936 150

10,664



TABLE I.

A LIST OF THE JOGRLITIES IN WHICH SAMPLES WERE COLLECTED.
Inshore Collections.
Locality Date so.5toms

amaquoddy Bay Sept. 25, 1933 73
L) . Sept. 18, 1934 ¢
. . July, 1936 104
s . hugust, 1936 8
. » October, 1936 12
. - November, 1936 135
. . Jen. 2, 1933 19
Digvy Decshber 9, 1933 19
v Oots 17, 1934 103
” Dee, 22, 1936 99
¥ Nay 26, 1936 51
Roseway Bks Aug. 8, 1936 108
Tunenbury Octs 15, 1936 3
Hubbards ) Auge 5, 1933 162
French Village ) Bt.Margaret Say. lay 27, 1935 449
Indien Harbour ) August 30, 1932 2
Frospect ] Auge 31, 1932 12
Eastern Fassoge "une 20, Augs 27, 32. 139
Bedford Basin July 19, Oct. 30, 32 289
Automatie Buoy (Halifax) Feb, 12, 1984 6
Halifax Iightehip Nov, 9, 1934 34
» " Moy 10, 1935 4

Liscomb ) Nove 8, 1934 Wids
Port Bickerton ) Decs 12, 1934 17)
Half Island Cove Augs 6, 1936 164
Deca 11, 1934 131

Canso



locality Date Yo.stom,
Arichat June 5, 1935 57
Arichat Hovember 23, 1935- 56
Arichat June 9, 1936 145
Ingonish June 8-10, 1935 240
Fort Hood August 19, 1936

Zast Foint, P. E. I.
Souris, Fs B. I.
Souris

North Feint, F. E. I.

November 24, 1934
November 23, 1935
August 15, 1936

Hovember 3, 1936

3,393
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Considerably nore than three thousand stomachs obtained from

fish caught on the fishing grounds lying adjecent to the coastline of
were analyzed for stomach contents. The ineshore

the Maritime Provin
area ean be further divided into three geographical areas, namely,
(1) Bay of Fundy area. Samples frou Fassamaquoddy Bay, Ne B

and Dighy, ¥. 8.
(2) Outer coast of Nova Scotia.
Lunenburg St. Margarets Bay, Halifax harbour, Liscomb, Canmso,

Samples from Roseway 5ke &

Queensport, Fetit de Grat, and Ingonish were examined.

(3) Gulf of St. Lawrence. Semples examined from Fort Hood, Sast

Foint and Souris and North Foint, ¥ He I.
The above inshore samples were collected somewhat irregularly

over the period from June, 1932 to January, 1937, 7Th# details can be

seen from Table 1.
GENERAJ FOOD COMPOSITION
The examination of over fourteen thoussnd haddock stomachs
has ylelded the following information about the food of this fish,
both in the offshore and in-shore waters.

Table 11 shows a comparison of the principal food:groups
The figures

making up the diet of offeshore and in-shore haddock.
ent.

are percentages caloulated from the total weight of material pre

in the stomachs.
The food composition of the haddock taken on Western bank

is based on the examination of ten thousand and fifty-three stomachs,.
The results are summarized in Table 11.

It is seen from this table that the group designated fish,
constitutes by far the chitef part of the haddock's food on
A single species, the sand-launce, (Amsodytes
this fish diet to the extent of slmost

the Western banks.

smericanus Dekay) compol
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one hundred percent. Other species of fish Sebastes marimus Line
naeus, [ippoglogsoldes platessoldes Fubricius, Iriglops pingell
Pabricius, Merluccius bilineatus ¥itehill and Arsentina silus
Aseanius, iz very rare in our region, she only other capture being
reported a good many years ago (Goode nnd Bean 1895).

VWorms, mostly Pectinaria and common marine rolychaetes, ramk
a very poor second.

The next group in order of importance, the ichinoderms, is
repoesented nainly by sanddollars, Lohinarachinus parms Lamarck,
followed Yy drobachienais O Fe
Muller, and brittle-stars, Ophiopholis sculeats Linnseus, and a
few Ophiura robusta Ayres in the order named,

The cchinoderms are closely followed by the erustaceans
which group, although ranking only fourth in the haddocks diet from
a quantitative basis, is represented by far more species than any of

the preseding groups, some thirty-five species having been founds
Hermit crabs, Paguridae, and amphipods form sbout equal parts by
weight of the cfustacean dbt, comprising butween them over two
thirds, The former group is represented by two species, Fagurus
scadianus enediet and E. Kroyeri Sti The commonly

are Asginis Longi Kroyer, Ihesi Goes
forma gompresss Goes, Unigols irrorats Say, Konoculodes edwnrdekk
Holmes, and Imetony pobilis Stimpson. ¥or a complete 1ist of the
smphipod species see Table X. The part of the

diet 1s made up by shrimps and prawns (Mscura). The species commonly
are Grage Sey, Eapdulus propinguus Ge.0.
sars, 2 Smith and spios




TABLE I1.
yercentage composition Stomadh Contents
of
offshore and Inshore Haddock

loeality Fish Worms kchimo- Crust- Lollusks Niscellaneous
derms  aceans

Offshore 53,0 11.2 9.4 9 9.0 4.2 12.2
Inshore 3.1 3.0 44.0 8.7 33.6 10.8
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(Sowerby)s The pelagic shrimp Megeanyctiphanes pmorvegica M. Sars
was present inra number of instences, frequently in large numbers.
The mollusks a:

the least importsnt of the major food groups
although some thirty-seven species are represented in the mollusean
dlet, Gastropods comprise the greater portion of this goupp on the
Western banks. Lolynices heros Montfort and famines solitaris Dell
are esten nost common)y., Other species eaten in considerable quantis
ties are Nargarite obsoura Veuld, Margariis gineres Gould, Sipho
Yy Seals on Chemn., Bcle cencellsta,
and Gylichus albe,

Among the pelecypods eaten Yoldin myslis Gould, Astarte
glleption Brown and Juouls tenuis Michels ocour in the stomachs
regularly vhile keda tenuisuleats gardium
Conrad, and Glycimerus ailicua lamarck are consumed less reg=
ularly,

Two chitons (Iraehydermon albug 'imnseus and Zonicella
marmorea Fabricius) were enten ocossionally. A small squid, Illex
1114cebrosus was found in the stomaeh of n large hnddock. Several
other items such as fish eg s, chiefly egge of Clupes harengus
Linnaeus, snd Tunieates, chiefly jelonals gorrugnta Goodsir snd
Yerbes, Destrichobranchus pilularis Verrill ete, were ocoasionally
found, but they play  very negligible role as food for haddoecks

On the other hii, inanimate material such as mud, sand, gravel and
pebbles otc, was found quite frequently in stomachs. Some of this
no doubt s swallowed attached to regular food meteréal, while it is
possille that emell pebbles may be mistaken by their size and color
for food, This materisl has been included under the heading
ellaneous’ in 11 tobles.

The stomachs from three Shoudand three hundred and ninety=
three haddock caught in inshore waters were examineds Table 11
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shows the percentage weights of the food composition for the major
groups, covering the period during which samples were collected.
¥rom the table it is seen that the dominant haddock food, fish , of
the Western banks is @ negligible factor in the food of shore
haddoek.

The meagre fish diet is composed of Menidis motats Mitenill and
Clupes harengus linnacus. ]

Bchinoderms are the principal food here, comprising almost one-
half of the total food weight eaten. Ninety-five percent of this
group is represented by one species, the Lrittle-star, Ouhiovholis
aculeata Linnaeus. Severel other species, Ihyone Brisreus lesseur,

Stegophiura nodisa, psolus and
galagera Blainville were eanten in the order given.

¥ollusks, the least important mejor gmoup in the diet of
Western banks haddock, is preceded only by echinoderms in the diet
be=

of inshore haddock, These twe important constituents compri
tween them over seventy-seven percent of all material teken by
the inshore fish, The most moteworthy feature about the mollusk
diet is that whereas the Western banks haddock favoured gastropodse
the inshore haddock exhibited a partiality towards Felecypods.
Yoldia myelis Couthwoy, Cardium pimnatulum Conrad, sstarte
ellipice, Brown, Nucals tenuig Mighels, kacoma fusca Gould, and
Uocoma galcaren Cmelin, in order of importance.

Gastropods usually found present in the stomachs are Lol-
nicss hevos. Nomtfort, Uargarite obecurs Govld, Irritels
erosa Coutbuoy, Nassa trivittats Sey, ond Bela cancellats Stimp-

son, in the order names.
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The crustaceans are of osmparitively small importance in the

£00d composition of inshore haddock. Amphipods are the most im-
portant constituent of the inshore crustacean diet, followed by
shrimps. Uncilla irrorata Say, Leptocheirus pingiue Stimpson,
Msera loveni Bmuzelius, Neohela monstrosa Boeck, are the chief
amphipods eaten. Spirontocaris pusiols Kroyer, Selerograngon
boreas Fhipps and Pandalus montague Leach are the shrimps eaten
most commonly by haddock. The pelagie shrimp, Thysanoessa Sp.?
imermis Kroyer is eaten in quantities by haddock caught in P

maquoddy Bay.
Worms are of comparatively little importance in the diet,
The

being present only at odd time cies represented are the

common marine Polychaet

In addition to the above, the examination of two hundred and
eighty stomachs taken from haddock caught on St. Fierre bank over a
period of four months in the summer of 1936 revealed that the hadd-
ook on this ground were feeding on the brittle star (Ophiopholus acul-
eata) exclusively,

A sample of one hundred and fifty stomachs of haddock taken
in the Vhale Deep Area on the Grand banks of Newfoundland when em-
amined showed that theme haddock had been feeding mainly on crust-
aceans (chiefly the hermit crab, Pagurus Kroyeri Stimpson, Mving in
Epizoanthus paguriphilus and the pelagic euphausiid Thysanoesss in-
ermis Kroyer. One species of prawn, Pandulus propinguus G. 0. Sars,
and several species of amphipods (Untiola irrorata Say, Themisto com-
pressa Goes, Forme compressa Goes, Monoculodes gdwardsi Holmes, and
Hyperia galbs Montagu were also present in small quentiti

The remainder of the stomach contents consisted of common mar-

ine polychaetes and a few sipunculids.
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As the offshore and inshore ar d above (excepting Ste

Flerre bank and the Grand banks of Newfoundlsnd from which areas no t
enough material has been collected to make possible any deductions.)
show quite definite regional variations in the type of food eaten by
the haddock caught on perticular grounds, such a comparison of large

aress and totad samples as was made above may give s misleading

interpretation of the dominant food group in any localized region
within the large areas discussed, To avoid such a  ossibility a
discussion of these local arcas or gegions im necessary. Table 111
shows the percentage weights composition of the chief food groups
ern banks, This

eaten by the haddock on different regions of the W
table shows rather significant differences for some of the regionss
Thus sand-launce was the dominant type of food eatem on the whole of
Tmerald bank, the region wést of Emerald bank, and also on the
western portions of Sable Island bank and on ¥iddle ground, Naddock
caught on the south side of Sable Ieland and on the north side of
the Island, were found to be feeding plentifully on worms, Isolated
patehes where worms also formed the dominant food groups ere situated
north-west of Xmerald bank and on the western part of Queresu bank,
Haddock feeding on great quantities of echinoderms were caught on
the region between Sable Ieland bank and on the kiddle Ground; and
were also, the dominant food in an area off the north Western part of
Sable Island bank known as the *Cow-pen”. Crustaceans are the char-
scteristic food group of haddock taken from the Gully, situated between
Emerald and Sable Island banks, North of Lmerald bank there is an
area where the haddock feed primarily upon édlusks. Due to the extme-
mely wide areas covered in sampling and the wide range of species
eaten, the species occurring in each of the main groups is not givens
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The various inshore localities from which swuples were coll-
ected show quite clear-cut variations in the dominant types of food
enten by haddock on those srounds. The pereentae weignts composite
1on of the food euten for the chief regions ie given in Table 1V.

Enssemmguoddy Bay.

The stomechs of six hundred and ten haddock caught on line
trawls were cxamined, Two hundred and ninety-four contained food,
Sinty: des of
pelecypod (Yoldis myalis Couthuoy)s As an illustration of the

enormous numbers of this species that are eaten it may be mentioned

e percent of the food present was made up by one &

that one sample of seventy-three stomache from this locality con=
tained approximately fourteen thousand specimens of the adove
mentioned pelecypod ranging in length from five to twenty-séven mills
imetres, and weighing over fifteen hundred grams. Echinoderms,

a1 Ouhtopholis souleata, snd ( and true
Table

shrimps) accounted for most of the remainder of the food (

w).

Digby.

A1 (272) etomachs examined were taken from haddock caught on
line travl. Ome hundred and eighty-four contained food, Yelecy=
‘thar

pods are the dominant food group, but the dominancy is mueh

that shown in the samaquoddy Bay sample: and several s;ecie
are common, Yoldia myalis Couthuoy, Cardium pinpatulus Conrad,
Saxicave rugos Iinneaus, and Macoma guloares Gmelin, Zhe rolluse
can Bilvaves are closely followsd by crustacesns (mostly amphipods)
in order of importance. The largest portion of the stomach contents

cohsisted of md and send (55%). Fish, cchinoderms,and worms

oddurred in negligible quantitiecs, Needler (X5 1928) analyzed samples



TABLE IV,

Fercentage Food Composition of kaddook on Inshore Grounds

Toeation Fish Zohino- Nollusks Womms Crust- . Xo, Stam.

derus aceans Examined,
Fassemaquoddy Bay 0.8  14.2 7S 0 9.5 3.6 610
Digby 0.8 2. 21.8 2.7 16.3 56.3 272
Roseway Bank - 100.0 - - - - 108
Tunenburg - 100,0 - - - - 75
8t, Margarets Bay 25,1 7.7 0.2 1.3 2.6 3.1 615
Halifax Harbour - 65.7 10.4 5.1 0.4 218
Liscomb - 85.0 0.8 3.0 - 1.2 36
Cans0 - 8440 1.3 10.5 1.3 2.9 R
(ueensyort - 2.8 1. 1.0 - 164
Fetit de Grat - - 0.2 - 19.8 256
Ingonish 4.0 32, - 5.1 44 9.5 240
Tort xood - 8.8 21.8 26.2 31.2 8.0 9
East Foint - 68.0 6.4 6.4 8.1 236
North Foint - 37.0 11.3 2.2 35.9 "=
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from this locality in 1927 and found crustaceans to form about
forty percent by volume of the stomach contents and pelecypods about

twenty percent.

Hosewmy bank (0ff Lockeport)

One hundred and eight stomachs taken from haddock caught
on line trawl examined, Seventy contained fodd. The brittle
star, Ophiophilus aguleats, composed the entire stomach contents.

Lugenburg.
Seventy-three atomachs taken from haddock caught on line
omach contents

travl were examined, Fiftyefour contained food, The
consisted entirely of brittle starsg(Ophiopholis meuleats).

8%, Hazgaret Bay.
Samples from three localities were analyzed from tiis

reas
The details are given in Table V. Of the six hundred and eleven
stomachs examined from St. Margaret Bay, four hundred and foriye
nine (from French Village) were taken in mnckerel nets. The re=
mainder were caught on hook and line. One hundred and thirty-one
contained food, The haddock taken off Freach Village wers in a
spawning condition snd all but four of the stomachs were empty. (Ve
adykow and Homans, 1935). Zach of tuese four stomachs contained

a herring varying in length from one hundred and seventy to two
hundred millimetres, and having & total weight of two hundred and
simty-six grams, Speaking for the whole area (See Tabbe 1V) echino=
derns (mostly brittle stars) are the most important food group,
acoounting for sixty-eght percent of the total food weicht. Fish
were present to the extent of twenty=five percent of the total,

the four herring mentioned above, representing this total. The
oceurrence of these specimens, by the way, was the only occasion on
which haddock were found to be feeding upon herring.
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¥olluske (ardium pimnatulum, Margerits obsours, rolvmices heros)
and crustaceans (Spirontocaris pusiola Kroyer, amphipods) occurred
in very smwall smounts, as did alse worms (c.mson merine polychetes).

Hadifex Harbour

In tids avea all stomachs examined were taken from fish
caught by hook and line or by line trawl. One hundred and twenty
two contained food. Here ms in the above area, echinoderms (brittle
atars) constituted the greater yortion of the stomach contents (68%)
kollusks, Cardium pinnatulun, mostly, form a somewhat more important
part of the diet than they did in 5t. Margamet Bay, smounting to
approximately ten percent (see Table 1V). Worms accounted for a small

percentage (5.4) other groups were relatively unimportants Drs Ve Ds
Vladykov examined a number of haddock stomechs during the sunmer of
1935 and found that brittle stars comprised over ei hty ~ercent of the
total weights Crustaceans (shriups, crabs and emphipods) constituted
about ten peyvent of the foods Dr. Vladykov also caught by hood and
line during the month of August, 1932, twelve haddock in the lower
reaches of the harbour whose stom.chs were crammed full of herring eggs.
On the same date a nine povnd haddock was captured, the stomach of
which contained a small dogfish pup (Soualis acanthiug)e The above
observations made by Dre Vladykov have been taken from uppublished
date, As wes the cnse in St. Margaret By the stomach samples have
been collected from three distanct localities. Table V1 gives the
details, It will be noticed that Mollusks, mostly Cardium, sre of

most importance in Bedford Bosin and of least importance off the

mouth of the Harbour, whereas exactly the opposite is true of
echinoderms (mostly brittle-stars).




TABLE V.

ST, MARGARETS BAY.

Zercentase Food Gomposition

Hubbards Freneh Village Fegpys
Fisn - 95.0 -
Worms 0.7 3.3 -
Eehinoderns 92,0 - 78.0
Crustaceaas 5.6 - 10.5
Mollusks - - 2.5
¥iscellaneous 3.7 1.7 -



TABLE VI.

HALIFAX HARBOUR.

o

1 ti0

Stogach

Eehinoderss
Crustaceans
¥ollusks
Miscellaneous

7.0
48.5

25.4
21.1
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Lisconb

The stomachs of thirty-six haddock, caught on lime trawl off
this locality were examined, Twenty-six comtained food, Bighty=
three percent of the food tukem was comjosed of brittle-stars,
some of the stomachs being greatly distended with them. Small
numbers of woras end crustaceans (ampiipods) were found in the
stomachs of the smaller sized ish.

Gango.
Haddock caught near Canso and on Canso bank by line trawl

were found to be feeding largely on brittle-sters, Over ome hundred
and thirty stomachs were examined of which sixty-seven contained
food. Eighty-four percent of the total contents was made up of
brittle-star
Negligible amounts of mollusks (Peleeypods) and crustuceans (amphb-
pods) comprised the resainder. 3

Worms nceounted for approximately tem percent.

Sueensport.

One hundred and sixty-four stomachs from haddock caught
on line trawl were cxamined, Fifty-six contained food. lNinety-
five percent of the entire contents was brittle-stars. The re-

maining portion being gravel.

Eetit de Grat.
Two hundred and fifty-eight stomachs taken from fish

caught on line trawl were examined, Only nine contained food, of

which brittle-stars comyrised over seventy percent, MNollusks,

(Turritela grosa, etc.), worms, (polychaetes) and crustaceans
(amphipods) were present in very small quantities,

lngenigh
Stemachs from two hundred and forty haddock captured in



TABLE VII.

Food of Inshore Maddock by Regions
Lecality Fhsh _ Worms Mbllusks iise.
Bay of Fundy 0.8 100 1.6 10.8 60.9 14
Outer Coast 44 27 57.8 3.6 23.6 7.9

Nova Scotia

Gulf of St Lawrence 13.6 47.8 7.3 12.9




BASSAMAQVODDY BAY AREA

Date Total Ho. sh Worms Echino- Crust- Moll- Nise
i b g derms  nceans usks

July,
1936 104 a0 2.5 - 29.5 7.5 60.5 -
August a 50 2.4 - 20.1 6735 - 10.1
October n s w0 - - 2,0 66.0 310
Hovember 1in - 4.9 12,6 23.5 26.0 15.0
Janusry
1937. 123 - - 100.0 - - -
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trap nets were examined from this locality, Only t enty-nine con=
tained food. by d dsy (Crabs and

shrimps), amphi ods snd ispods, Aega pgors Linneas, comprised
about forty-five perceth of the stomach contents, Nehinoderms

accounted for pproximately thirty-two percent, sanddollars, Ligh-

parma, for this not brittle-stara,
Needler (MS 1928) during 1937 and 1928 examined over twelve hundfed
stomachs from this region. The majority were empty. Nchinoderms
(mostly sanddollars), a few worms, crustaceans (chiefly amphipods
and cumaceans), a few mollusks, elevers (glass eels) and mackerel
entrails (from rotting macherel gilled in the trap net leadersy
completed the food 1ists

Bort Hood
Ninety-six stomachs tnken from haddock caught on hand

lines, were dned .y foods
consisting entirely of amphipods, comprised the greater portion
(51,2 percent) of the stomach contents, Worms (Folyehaetes),
ranked next, amounting to twenty-six percent of the total, koll-
usks, 81l gasteopods(I. erose, k. Heros and Bela gancellata) ace~
ounted for twenty=two percent. Hchinoderms (Brittle stars) were
present to the extent of only nine percent of the total food weights

East Point and Souris, F. E. I.

The analysis of two hundred and twenty-eight stomachs of which
one hundred and thirty contained food, caught on Yine trawl during
November of 1934 and 1935, revealed that haddock in this vicinity
were feeding on echinoderms(mostly brittle stars) to the
extent of sixty-eight percent. Worms made uy eleven pe:cent, mollusks
approximately six percent, and crustaceans approximately six percent.
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Horth Peink

Seventy —two stomachs taken from haddock caught by Steam

trawl, Pifty conteined food. Xchinoderms (practicslly all con=
sisting of holothurians)comprised the greater part (35-40 percent)
of the total contents, lNollusks, all pelecypods, ranked mext, Works
were a relatively poor third., lio crustaceans and no fish were
present.

Ueing the avove data s a basis the inshore haddock grounds
can be combined into three general ares, characterized by a
douinant food type, It may be said that the Bay of Fundy is a
mollusk feeding ground for the haddock; while the outer cosst of
Nova Scotia is an echinoderm area, except for & small sppt off In=

gonish and Port Hood vhere crwtacesns are the dominant group, The

Gulf of St, Lawrence in tre vicinity of Zast loint and North Foint,
P4 Bs 1, 15 180 an echinoders area, Table V11 shows the percent=
age cozposition for the three sbove arens.

SC VARLAS PQOD 0%

Samples obtained from inshore localities were collegted too
irregularly, and are too few in number to render them analizable for
® seasonal variation in the type of food eaten by the haddock im
except in one loeality. In July, 1936, plans were com-
pleted for the procuring of monthly samples from Fassamaquoddy Baye
Samples collected in the monthe of July, August, October, November,

these area:

and January have been analyzed. The vagaries of fishing prevented
ang collection being made in September and December. In Table V11l
1s given the percentage composition of the principal stomach contents

1n the July sample the heddock were feeding chiefly on mole
Sz geené to = lesser degree on cchinoderss (Ophi-
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opholis sculeata)s In August the mollusk diet w-s replaced by a
crustacean one of shrimps, followed by & return to the Yoldis diet
in October and November. Vorms entered the food composition in
November for the first time, ranking next to the dominant molluak
diet in tais wmonth., In the Jonuary smmple the entire food composite
ion consisted of echinoderms (Brittle sters).

The change from the normal Yoldin diet to one of pelagic
shrimps in August prodably coincided with a svarm of th
euphausiids, Megansctiphanes norvegica, M. Sars, which, according
to Bigelow and Welsh"---regularly appear during the werm months

large

of the year sbout 5%, Andrews=---", (Bigelow and Welsh p.147, 1924)
With the disappearance of the shrimps a return was made to the Yoldias
beds until Jonuery when the haddock stomachs wxamined contsined only
Brittde stars.

Although stomach samples were collected cxtensively over
a period of eighteen months from the Vestern banks 1t is hardly
possible to draw any genersl conolusions regarding s change of diet
with a change in season, due to the casual manuer in which the mater-
181 ws collected, This wes unavebdable since the supyly of stomachs
was limited to samples received from the trawlers, which trawl only onm
smooth bottom and rarely trawl in the same nres consecutively, There-
fore systematic collectihg on restricted areas, 5o necessary for
information on the above subject, wns impossibde, Furthermore, such
a study must be with of the

bottom fauna in each particular area, in order to ybeld worthe
while results.

By a study of Table 1X a few very gemeral obscrvations on
the seasonal oceurrence of the major food groups composing the diet
of haddock on the Western banks can be made.
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The quantity of fish, Ammodytes smericanus, present in the
food composition of the haddock varies considerably (from zero to
92 percent) of the total stomach contents at different times of
the year. In September of 193¢ and of 1935 Aumodytes smericanus
smounted to fifty-seven and seventy-three percent, respectively,
In October, 1935, .the amount wes fifty-seven percent of the total

amount of stomach contents analyzed. This species smcounted for a

considerable portion of the total stomach contents in December, 1935
(82 percent), and in January, 1936 (66 percent). The greatest
percentape of Aumodytes smericenus forming the total stomach con=
tents was found inm July, 1935, when the stomach contents analyzed
was aboutnthetystw yercent Ammodytes mmericonus.
tration of the abundance of the

an 1llus-

ndividuale it vay be stated that

28 many as forty-three, ranging in size from twenty-five to one

hundred millimetres and weighing altogefher about one hundred and
seventy-five grams, have been found in a single heddock stomach.

In general it may be said that Amuodytes smericenmus in lsrge
nunbers are usually found in haddock stomachs only déring the summer
and fall months. The occasional occurrence of large numbers of this
fish in haddock stomechs during the winter montus coincides no doubt
with warm weter temperatures, and certain pre-spawning conditions of
the haddock. (Vladykov and Homans, 1936).

Tish eggs form a very smell part of the food of haddock on
the Western banks. They oocur ususlly during the gring and early
sumner months.

1t can be stated that worms, as a rule, ocour in greatest
numbers during the winter and spring months. At this time they
nt of the total stomach

comprise from fifteen to twenty-two pe
contents. However, the largest quantity of this food ocourred in
November, 1935 (fifty-seven percent).
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The echinoderm group seew to be a seasoual food, It appears
that the haddock prefers to feed on them shortly before spawning

( ) and af June and August)e
comprised sixteen percent of the total stomach contents in Feb-
ruary, 1955, and tventy percent in arch. In February, 1938, they
comprised twenty-nine percent of the food diet. The highest guan-
tity for any one month(thir$y-one percent) was eaten in June, 1935.
The crustaceans are eaten in largest amounts by haddeck during
the winter months, The greatest guantities were consumed in
December of 1934 (1815 percent), January of 1935 (23.5 percent)
and Sebruary of 1936 (34.5 percent).
Hollusks seem to be preferred by haddock during the late fall
of the year, In November and December of 1934 and in November of
1935 they comprised twenty percent, sixteen percent, and twenty

percent, respectively, of the totul stomach contents.

IHE VEEDING CYCLE
The number of stomachs containing food and the number of
enpty ones was deternined for each samyle, and the results are
briefty shown in Figure 1. Some very interesting facts are yield-
ed by a study of this figure and have already been discussed (Vlad-
ykov snd Homans, 1935). It is seen that the nusber of fish taking
food from to March., Thus in

September eighty percent of the fish examined hnd food in their
stomachs, wherens in March only eixteen percent of those studied
had enten any food. In April end &ay a very slight increase in
the number of fish taking food was indicated. However, in June
there was a sudden incren:

approximately

in the number of feeding fish when

enty-two percent of the stomachs examined con-
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tained foods A pronounced decrease occurred in July when ohly
about fifty-two percent of the haddock were found to be taking
food. This apparent discrepancy coincides with very high water
temperatures in the vicinity of Sable Island (where these fish
were captured). No doubt the extremely warm water wes mainly
responsible for the decrease, Thereafter the number of fecding
fish increased and amounted to seventy percent in August.

The period under consideration may be divided into four
parts. A Fall feeding season, September and Uctober, which is idents-
ified with a relatively high number of feeding ‘ish varying from
seventy to eighty percent. This is followed by a ason,

November to January, vhen a large number of haddock (from fifty to

sixty-five percent) cease to take food., During the spring mon-
the, from February to May, only & very smAll percentahe (10-24
percent) of fish continue to eat, During this period, which may
be called the spawhbmm season, haddock bhlonging to Guereau and
Sable Island schools (Vladykov, 1935) are spawning. The greatest
nusber of these haddock usually spawn from the end of Mareh to the
middle of April. It must be noted that this period does not neces-

rily apply to other haddock schools. The remaining part of

the year, June to August, can be callsd the swmmer feeding sesgon
or recovery period during which time the spent haddock feed greed-
11y in order to regain strength lost by the act of spawning.

The chang:

in the 1ife cycle of the haddock affect the feed~
ing habits of this fish. Therefore, the difference in the number

of fecding fish at different periods of the year must be mainly at-
tributed to the causes given above and not to changes in the water
temperatures on the banks, which, varying in limits from §°C. to

o,
8 Co from October to June, are quite favourable for haddock feeding,
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Due to the fact that among the fish examihed there was a
mixture of large spawning haddock with small immature fish, the
figures for the percentage of haddock taking food during the spawn-
ing season are puobably somevhat high, as the immature fish con-
tinue to eat.

It 1s a well-known fact that haddock catches by hook and line
during the spring months of the year are almost nejligible, This
can be explained by thé fact that the majority of haddock are in the

process of spawning at this time and as a result refuse to take food.

Beginning with Geptember, 1935, the determimation of the per-
centage of feeding fish was undertaken for a second consecutive year,
a8 a oheck on the period, sejtember, 1934, to hugust, 1935, just dis-
cussed. This information has Lesn prepared to the end of kay, 1936.
The results are sumarized in Pigure 1. Unfortunately a shift
in the fishing made it impossible to complete observations for a
second year.

It is seen that the haddock continued feeding almost a. the
maximum for a full month longer than they did for the year previous.
This high feeding percentage in lovesber was correlated with slightly
higher water temperatures for the fall of 1935, After November,
1935, the percentage of feeding fish dropped rapidly and in January
and Pebrusry, 1936, the percentage of feeding fish has fallen to a
level slightly below what it wes for the same momthe of 1935.

Thus the curve is repeating practically the same story for
s Wéoond conassibive yeare

Hence the difference in the mumber of feeding at different

seasons of the year can only be attributed to the changes in the

ripening eyole of the hnddock as shown above. The temperature con-

ditions are favourable for feeding snd there is no jositive evid-
ence that & _nimals which constitute the haddock diet are less abundant
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during the winter and epring months than during the summer and fall.
Vladykov (kS,1936) determnined that haddock cease to take

food when they have reached stage four of maturity., His observations

show that when haddock appromch to maturity ti

e fish cease to take

food and therefore cannot be caught by means of baited hooks, there-

By haddock catches made in this manner are not ppssible since suce=

sful application of this method depends entirely upon the feeding
stimul# of the fish., In this comnection the following lnvestigation
may be interesting, The sexusl stages of one hundred and tairty-four
haddock were checked with the number of stomachs conteining food. Uf
the one hundred and thirty-four fish examined one hundred and ninetem
or 88,

percent wepe in what is known as the near-spawning state, 1.

in the range from stage three to four. Out of the one hundred
and thrity-four stomachs examined one hundred and twenty-seven or
95,3 percent were entirely empty. By this basis of comparison it
may be said that sexuslly ripening haddook cease to est before
spawning is begun. ;

Bigelow and Welsh (1924, p. 436) made an obuervation on fish
breeding at Cape Ann in April, 1924 to the effect that “The haddock
fast even more rigorously than cod ot spawning time because more
then ninedy-five percent of the hundreds of ffsh caught in gill nets
were totally empty, and because 1ine trawls set nearby were bring=
ing in very few haddock but were taking hake in fair numbers. In
fact 1t was not until the introduction of the gill pet and other-
trawl fisheries that amy comsiderable toll was taken of the haddock
while spawning."

An

ditional observation of the same nature is worth re-
cording, Anong four hundred and forty-nine spawning haddock taken
in mackerel traps during the latter part of May, 1935, at French
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Village, St. Margaret Bay, only four fish had food in their stome
achs.

Therefore, it can be stated definitely that mature haddock
cease to feed during the spawning period. Only when spawning is
completed do haddock begin to take food ngain.

o of 4. e

With the exception of a few (179) very young haddock (pro=-

cured through the kindness of ¥r, ¥, C. Herrington of the Unit

States Bureau of Fisheries) ranging in length from one hundred and

forty to three hundred millimetres, no samples of the early bottom
stages have been available, These fish were captured on Georges
bank. As for the pelagic stage not even a single sample has been
procurable.

The examination of the stomachs fwom the:

young haddock re-
vealed that they had been feeding exclusively upon = single species
an nudebranch (aeolis sp. ?).

Several hundred stomachs from haddock (250-500 mm. in length)

of moll

caught on hook and lime in Halifex Harbour during 1932, examined
by Dre V. D. Viadykov (1932, p. 42) contained primarily pelecy=
pods (cardium ete.). Polychuete worms were next in importance.

Crustaceans (amphipods and shizopods) were of liitle importance

Very few fish were found in the stemachs; and echinoderms (brittle -
stars and sea urchins). were almost entirely absent. At the same
time adult haddock caught in the Halifax Harbour area were found
to be feeding mainly on eBhinoderms (brittle-stars and sea urchins),
and among small amounts of other kinds of food, some herring eggs.
The present author examined a number (289) of stomachs taken
from young haddock (225-420 mi. in length) captured by hook and line
in Bedford Basin during the summer of 1932 and found them to contain
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mostly pelecy ods (cardium) (see Table V1) and considerable amounts
of mud(the bottom of Bedford Basin is of muddy nature). Foly=
chaete worms were the next food of any importance . kchinoderms,
nolothurians, were eaten to a limited extent and crustaceans,
amphipods, formed a negligible part of the food compositiony Fish
were entirely absent. This analysis sgrees with Vladykov's findings.
Tovever, an examination of the stomachs from one hundred and thirty-
nine haddock caught near Sastern Fassage (2306360 mm. in length)
during 1932, showed them to be feeding considerably (see Table V1)
on (ord and Jo Bivalve mollusks
(
than echinoderms. Crustaceans and fish were completely absent from

rdiun) were of definite importance in the dietery, but less so

the food composition. In the vicinity of Eastern rassage the bottom
18 broken ground.

Large adult haddock taken off the harbour mouth were found
to be feeding on echinoderms (brittle stars). No other groups were
present. (see Table V1).

The above data indicates the possibility of a variation in
the diet mccording to age and size. However, further investigation
is needed to settle this point satisfactorily.

Gompariso od n

A series of graphs designed to show the relation between
the percentage weights (calculated from the total food weights) and
the percentage occurrences (calculated by taking the total number of

all groups tog » and deriving the percentage ocour-
tenees for each group from the total) of major food groups has been
drawn up. These graphs comprise Figure 2. Unfortunately figures
on the percent:
only from Jjulg, 1935, to Februsry, 1936.

oceurrence of the food orggnisms are available
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It is noticed ghat on the vhole there is & relationship be-
tween the two factors. In the case of fish this relationship is
very striking, A high or low percentage weight of this specics is
correlated very distdnctly with a similar condition in the percentage
curve, The weights for fish rank higher than
for the due to the 1y great

the fhgur
weight of this species, whereas the organisms comprising the remain-

ing groups have as a rule a weight vhich is much less in proportion
to their numbers,

The worms, while not showing s striking a similerily as
the fish, have a general comformity on the wiole. Ihe remaining
three groups, echinoderms, crustaceans, and mollusks, show & lesser
degree of conformity which may be explained by the fact that many
of organisms are included under a systematic group, such as

tip
either of the above, and consequently the variation in sixe, weight,

etes is large.

ZEACTORS INFLUZNCING FREDING:

The haddock, as is the case with all 1iving forms, lives in
a finely adjusted state of balance with its surroundings. Zhe slighte
est change in this state of bmlance may produce far-reaching results.
In thic way it is to be expected that a variation in certain factors
of the haddock's habitat will have an effect upon the feeding of tuis
fish. These factors may be conveniently divided in two groups, (a)
physical and (b) biologieal.
(a) Ehysicsl factors

Une of the most important physical factors is that of
temperature. Several suthors (Hathaway, 1927. bull, 1928, 1930
Inompson, 1926, scsenzie 1935, have shown that feeding is directly
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influenced by t8mperature changes. Sudden rises and falls in temper-

ature tend to bring about a decrease in food consumption, It is

known that the haddock will not feed in water temperatures above

and below certain limits (Vladykov, 1933). Therefore, it is probable
that haddock will not remain in areas where the water temperature is
excessively cold, or warm, and it is known that haddock prefer certain

temperatures for spawning purposes (Vladykov, 1935). Therefore, it is

ble that haddoek will migrate from a feeding ground on

quite p
which the water temperature hax become unsuitable fo one which has
a suitable temperature,

The nature of the bottom obviously exerts a certain amount of

influence on the feeding habits of the haddock. The organisms
eaten by the haddock include groups widely diversified in habits
ond habitats., The type of bottom preferred by one group, may

possibly be 1 to the e of another groups
Therefore the characteristic type of animals on a certain bottom will
in turn probably be eharacteristic of the food eaten by haddock feed=

ing on th grounds, For sxample, the sand-launce has the habit of

burfowing itself in the sand, and so présumably the distribution of
this species, (chief food of the haddock on Western backs), depends upo
its location of arens with a sandy bottom, consequently if the haddock
18 to make the sand-lsunce a regular part of its diet it must fre-
quent an area where there is sandy bottom. With respect to the type
of bottom preferred by the haddock, Bigelow and Welsh (1924, p. 435)
write: “Haddock are less catholic than cod in their choice of the

type of bottom being hardly ever caught over ledges, rocks, kelp,

ete., on the one hand where the cod are so pkentiful, or on the

other, the soft oozy mud to which hake resort, but chiefly on

broken ground, gravel, pebbles, clay, smooth hard sand. mtdmie
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sand of gritty consistemcy, or where there are broken shells, They
are expecially partial to the smooth spots between rocky patehes."

Another factor in considering the results of stomach anal-

yeis is the limitations of trawling. Trawlems are sble to operate
only on a fairly smooth bottom. They cannot successfully trawl on

a rocky bottom since severe damage to the gear usually results. All

samples of stomachs examined from the Western banks were brought in

by trawl the food of haddock for this

region has been determined on the examination of stomachs taken from
haddook mainly caught on smooth bott

nd will be characterized by
animals 1iving on such types of bottom. If haddock gather in quan-
titdes on rough bottom it may be that their average food composition
1s somewhat different than that determined for haddock caught on
smooth bottom. Mowewer, nccording to Békelow and Welsh (1924, p. 4355 -
quotation above) haddock normally are not found over rough bottom in
quantities 50 that the food composition determined is probably the
normal one for this region.

Depth of water also exerts an influence on haddock feeding,
although probably not to any great extent in the normal course of
event

Haddock will not enter n# shallow water as the cod. Bigelow
and Welsh (1924, p.435)state thet, "Probably the lower limit of depth
18 nbout the same for the haddock as for the cod in the Gulf of ai

few being caught much below cne hundred fathoms, but on the average
haddock 1ive deeper than cod, few being cnught in less than five to
ten fathoms and most of them in twenty-five to sixty fathoms,

Haddock, large or small, 5o seldom come into the very shosl waters
along rocky shores and ov.r ledges where young cod are phentiful
that the found nets of Massachusetts reported only about five
thousand younds of haddock in 1919 as eompared with almost Suree
million pounds of cod.*
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Thus the haddock would not be expected to feed extemsively
on the animals inhabiting the littoral zone and in fact does not
do so.
(b) Biologion) factors.
The habits of the haddock--as of all fishe
‘bound up with structures and structure with habit, Structure is

~are inextrieably

very important factor, influencing to a marked extent the type of
organism upon which a fish will normally feed, The prey which a fish
can catch depends in a large degree upon its foraging methods, The:

vary greatly in different fishes and there is always a resultant
difference in the type of animals which form their staple food.

The haddock is apparently hot the mast sctive of swiming
forms and as a Tesult we do not find a large proportion of animals
whioh nmight require considerable chasing before they are eaught, such
an fishes, squids, etc., making up the dietary of the haddock., ITrue,
on the Western banks, a fish--the sand-launce--forms the most importent
part of its food composition, but this fish has the habit of
burrowing into the sandy bottom and is probably captured by the
haddock under such oircumstances,

The haddock has its upper jaw protruding out beyond the
lower one and the lips are somevhat jrehensile, forming an organ
which is ideally adapted for feeding off the bottom itself. In add-
ition the heaviest built portion of the haddock is the anterior part
of the body and it may be that this helps it to remain more easily
in @ forwardly tilted position while feeding. it is then hot sur-
prising to find the haddock subsisting to a great extent upon those
animals whose natural habitat is near the bottom, on the bottom, or
buried in the bottom. The majority of these animals are somewhat
slow-noving but it must be borne in mind that some animals which



TABLE X
1ist of the identified species taken from the stomachs of haddock
Erachiopod: identified by the muthor.
Zerebratulina septentrionalis Couthuoy.
Crustaceans: identified by members of the United Ntates National
Museun.
Cumacean: ' % Diastylis bispihosus Stimpsons
Amphipods: lr. Claremce R. Shoomaker.
Asginine longicornis Kroyer.
Anonyx nugax Fhippe
hachotropts oculats Hansen
Syrrhoe gremilats Goes
Uneiola irrorata Sey
Hyproche medusayun Kroyer
Leptochelirus pinguls Stimpson
onoculodes edwnrdgh Holmes
Thenisto sompresss Goes forma ompresss Goes
Imetonyx nobills Stimpson
Hrperis galbe Montagu
elita denfata Xrbyer
Eleustes panoplus Krbyer
Mnera loveni Bruzelius
Heoheln monstross Soeck
Hyperia (prob. i, medudarum ktiller)
Stenopleustes (prob. §. galber Boeok )
% Identified by the author.
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TABLE X

Grabe: identified vy Dr, Mary J. Rethburn
Planes minutup Tinneaus.
lvas gosretatus Leach
Cancexr irroratus Sey

Isopod: identified by r. J. 0. Maloney
Aegn paora Linneaus,

Other Crustaceans: identified by Dr. Waldo L. Schmitt
Megalops (sp.?)
Eagurus Krfyeri Stimpson
Eagurus peadinnus Benedict
randelus previnguus G. Os Sars.
Zandalus pontague Leach
iehelopanialus leptocerus Smith
Spirontecaris polaris Ssbine
Spbrontocaris guina Sowerby
Spirontocaris pusiola Krbyer
Crage septemspinosug Sey
gelerocrangon boreas Fhipps
Xeganyotivhanes norvegica ¥. sars
ZIhysanosssa (sp.?) inermis Krbyer?
Erythrops erythrophthalua Gobs

Molluscans: identified by the author
ZTonicella marmo bried
ZIrachydermon albug Linnaeus

Gastropods: lasea trivittata Say
liassa obsoletn Say
Bulls solitaria Sey
Eolynices heros




Felecypods:
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TABLE X
FBucus ventrieosus Gray
Uargarita obscura Gould
Scala groenlandics Chemn.
Sela gancellata Stimpson
Cyelichna alba Stigpson
Iuttitela erosa Couthuoy
Lamellaria perspicua Stlumpson
Crugibulun stiratun Stiupeon
argarits gineres Gould
Supleura candata Verrill
Tasoiolaria lgata Mighels
Bela turriculs Stimpson
Buceinum undatum Linnaeus
Sipho pygmeous
Aeolis (sp.?)
Leda tenuisulgata Couthuoy

Hucula tenuis uigels

Astarte elliptics Brown
Cardium pignatulum Conrad
Leda munuta Mtller
Glyeimerus giligus

Yoldia myalls

Moldiola plicstula Lamarck
Siliqua gostats Say
golecurtis gibbug Blainville
dacoma fusga Could

Cerdits boreslis Conrad

lincoms calcarea Gmelin
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TABIR X
Yelesyrods: Saxicava rugosa Lin eaus
Gephalopods: Illex illecebrosus

Tehinoderms: Identified by kir. Austin He Clark of the Smithosonian
Institution.

Retzius
* Estering yulgaris Verrill
Ophiuroidea: Ophiovholis reuleata Linnseus ; 2
Gintura saréii Lotken
Opatura rebusts Ayres
Stegophturs nodesa
17 drobaghi s O ¥ Muller
* Eeninarachnius parss Lemerk
leigers Hlainville
Ihyone brinreus Leseur
Inyons unisenits
EBalus phantapsus Gtrussenfeldt
olpadia solitica

Tunicates: Identified ty Willard G. Van Name of the American
Museum of Satural History

Ascidincens Zoltentia ovifera Linnaeus
Zostricholbrachus pilularis Verrill
Pelonaia gorrugata Goodsir and Forbes
Thaliacen: Salpan(iasis) zonaria Fallas
Fiseess identified by the author,
Amodytes americanug Dekay
Sebastes marinue Linneaus
diproglossoides platessoides ¥avricius
Iriglops pingell Favricius
Merluecius bilineatus ¥itonill
Argentine silus Ascanius & identified bY the suthe
Menidis potats linnaeus

At it 2 S aled AS
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are commonly found in haddock stomachs are very fast-moving forms,
for example, the shrimps. That the haddock does, however, root
around in the sea-bottom much like a pig in a pig-sty is shown by
the ocourrence of considerable amounts of mud, sand, and gravel, etc.
found in its stomach quite frequently.

Although the haddock feeds on a tremendous variety of organ-
1sms only the smaller specimens are

ten, as a rule. With reference
to the large number of specimens eaten, Richie (1932, p. 17) states
that one hundred and eighty-eight recognized species have been
enumerated as occuring in haddock stomachs and Clapp (1912) found
haddock from Georges bank feeding on no 1

than sixty-eight speci
of mollusks(bivalves and gastropods), while Needler (MS. 1928)

identified fifty-three species of mollusks in the stomachs of

haddock caught in the costal waters of the Maritime Frovinces.
In Table X there is given a list of the identified specimens

collected from the present investigation. Unfortunately the list

1s not complete as

considerable collection of mari:

worms sent
away for identification have not yet been r eported upon. The eohino-
derns, crustaceans, and tunicates have been identified by several
suthorities in the United Statesj the mollusks and fishes have been
1dentified by the author.

With respect to the size of the specimens mten, sand-launce
up to two hundred and fifty millimetres in lemgth have been found.
On ome occasion a total of forty-three speeimens of this species, ranging
and weighing
about one hundred and seventy-two grams were found in a single stomach.

in length from twenty-five to one hundred millimetres

A herring (p. 14) with a length of two hundred millimetres was
found on one occasion, On the whole na worms longer than two hundred

millimetres were found. The majority were very much 1688 in length,
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Zchinoderns with a diameter greater than twenty-five millimetres
were unusual. A few holothuroideans with a lemgth of thirty-five mile
limetres were encountered. Crustaceans were on t-e average much lessihan
£ifty gillimetres in lengthj and the largest mollusks found were a bank
elan (QL eiliqua) willimetres in length,
and @ small squid (Illex illeccbrosus) about seventy-five millimetres
long(without tentacles). This specimen was the only cephalopod found

in the total number of stomachs examined, The wembers of this group
are probably too agile to render them easy prey. A pebble measuring
about ty-five by d1limetres and weighing twenty-nine

grans was found in a stomach taken from a fish caught near Dighby.
The amount of food present in the stomachs varies at times.
In figure three is giv
(esleulated by dividing the total number of stomachs containing food
into the total food weight found to be yresent). A study of the

the figures in grams for monthly averages

graph shows that the average food weight per stomach falls from
ten groms in to a value of two grams in

February; from March onward a gradual ri
o maximn of twenty-eight grems in July. Ixcept for the July
figure the average amount of 66od consumed by haddock is not great,

is seen oulminating in

probably not more than a maintenance ration. Since the haddock spawns
from January to Jume, with a maximum during February and April, the
small amounts of §0od consumed during Februsry and March might con=
ceivably be an indication of a fast nt spawning ticej if this be

true the sudden burst of feeding activity in July could be explained
by saying that the haddock were gorging themselves following the
spawning act. lowever, there is no means of knowing that the fish
examined in Februnry and Aprilavere of the same ohool as tiose ex=

smined in July.
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A soarcity of food organisms st eny particular locality will,
in all probabllity, cause haddock to migrate to other aress in
search of better feeding conditions. As a corallory of food sear-
city 1t may be mentioned that at such times the haddock a parently
ents a greater variety of organisms than when food is abundant, When
there is an abundance of food the haddock will ususlly confine its

feeding to one or two species.
Somparison between haddock food in American and Ruropean Waters.

Table X11 shows a comparison of the food eaten by haddock on the
two sides of the North Atlantic Ocean, The tsble is unavoidably
made up of results computed by three different methods. kost of the
Suropean workers expressed their results in percentages calculated
from the relative occurrences of particular groups, whereas the re=
sults of the present study have been in percentages caleulated from
the relative welghts of particular groups in proportion to the total
weight of the stomach contents. GSome workers did not express their
results mathematically and in such cases descriptive words have
been used.

However, in spkte of the different methods used it is seen
that in broad outlines the food of the haddock is similar on both
sides of the Atlantid,

A glance at the table shows that on Spitsbergen bank (correct-
1y speaking Spitsbergen bonk ond the Barents Sea are part of the
Southern Artic Ogean, but for the purposes of this repo:t the dis-
tinction is not mecesssry) the food of the haddock is mainly cow=

posed of 0llusks, and

In the Barents Sea Idelson(1929) found a distinct difference be-
tween the food of inshore and offshore haddock, fishmd mellusk cone
stituting a much larger pepportion of the food of imshore haddock
than offshore haddock., With respect to the occurrence of fish in
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the diet of inshore and offshore haddock, the exact opposite was
found on the Western side of the Atlantic.

In the Belt Sea mollusks and echinoderss nre the main food
groups, worms and crustaceans are eaten in small quentitiss; fish
form a negligible portion of the diet.

Todd (1905 and 1907) found that the offshore haddock in the
Yorth Sea were feeding mostly on umollusks, worms and echinéderms,
and orustaceans in the order nameds Fish were of no importance in
the dietary,

Inshore North Sea heddock were found by Smith (1692) to be
Beeding mainly on crustaceans, uolluske, and echinoderus, Worms
were eaten to a lesser extent and fish were comparAtively unime
portant, Guith reaches the conclusion, "The haddock would appear
to be the most indiscriminate feeder of all fish. It would ajpear
to eat anything that came its way nnd show no particular preference,"

Brook (1886) for the same arca concluded from his examinations
that echinoderns were the chief food eaten, followed by mollusks snd
crustageans. Worms were eaten sparingly and fish very rarely, Brook
obscrved that the starfishes were very seldom eaten by the haddocks
The present writer has also noticed the seme peculiarity. Auong

the of stomachs examined were found in less
than one dozen instances, Aside from the fast that the comsoner
starfishes are mainly littoral in their habit, there must be some
other objection on the part of the haddock to the u

of the

ane
imals

food, possibly chemieal in its nature, since they are known
to ocour 1y in regions by the haddocks

Erook also noticed that haddock csught in the vicinity of the
1sland of ¥ay in the spring of the year often had their stomachs
£1lled with herring spawn, Howsan (1923) observed the same fact
and states that every year at this time large schools of haddocks
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concentrate on the herring spawning grounds for the express purpose
of gorging on this seasonal delicacy. A number of haddock with herr-
ing eggs in their stomachs were token in Halifax Harbour in 1932 (see

Pe14) and in 1936 many haddock caught on St, Fierree bank had their

stomachs crammed with herring eg,
Wnile studying the food of haddock around the coast of Lceland,

Richie (1928) found that on the North and Northéwest Coasts echino-

derms, worms, snd crustaceans comprised the chief portions of the
food, in the order given, whereas on the south coast the haddock were
fheddng adwost exclusively upon e fish,the sand-eel, Ammodytes tob-
isnus, Richie(1028) found the haddock on Faroe bank to be feeding
chiefly on the sand-eel, and on crustaceans to a much lesser degree.
Other groups were unimportant, Richie (1932) states that although
fish do not form a regular diet of the haddock they forman import-

ant part of it at certain tim The analysis of a single sample of

stomachs from the Grand bunks (whale deep) of Newfoundland indicat

that erustaceans and worms comprise the greatest papt of the haddock's

diet in this region, Haddock on St. Fierre bank apparently feed on
brittle stars. The chief food 6f haddock taken on Western banks is tle
sand-launce, as already stated, while on Georges bank Clapp (1912) found
the haddock to be feeding mainly on worms and mollusks. The outer cosst
of Nova Scotia and the Gulf of S%, lawrence are characterized by the

large amounts of (mostly brift ) saten by the hadd=
ock in these areas, Haddock caught in the Bmy of Fundy feed mainly on
mollusks (mostly pelecypods). Bigelow snd Welsh (1924) state that
haddock in the Gulf feed mainly on mollusks, crustaceans and echino=

derms.,
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It 1s a pleasure to acknowledge my indebtedness to Dre A He
leim, under whose direction the work was carried out, and to Dr. Ve
D. Viadykov, for his friendly interst and cooperation,

SUBURY

Thc svamination of the stomach contents from over fourt.en
thousand haddock has yielded the following information relative to
the food and feeding habits of this important commercidl fish.

Samples have been collected from imshore areas over the period,
1932 to 1937 (January) end from the offshore banks during the period,
1934 to 1936,

A detaided

cription of ‘the method of analysis is given.
Aualysis of more than ten thousand stowachs teken from haddock
captured on the offshore banks show that in this region the heddock's
diet is composed primarily (54%) of the Ammodytes
emeriganug DeKay. Worms (11%), echinoderns (8%), crustaceans (8%),
mollusks (4%), and others including sand (12%) make up the remminder.

The diet of tnshore haddock based on the examination of over three
thousand stomachs t-ken from hedlock caught in various localities
along the coast of the Maritime Frovinecs is mainly composed of britthe-
sters (45%) and golluske (30%), chiefly Yoldia Mysiis. Crustaceans
(4%), worns (3.5%), and others including mud end ssnd (10%) constitutes
the remainder.

Consistent local differences appear within each of the tvo above
areas, forming didtinct subearess.

1t appears that young haddock feed on a somewhat different diet
than do the adult rish., However, this deduction is of a peliminary

nature since the amount of materinl examined was quite small.
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¥xamination on monthly collectiohs of stomachs from ome locality

showed that the haddock may change its &iet from time to timed
A correlation between the feeding sctivily of the haddock and
1ts spawning period was discovered, The evidence showed that the
haddoek vndergoes o fast immediatdly before and during spawning. This
fishe

was made on
Ninety-eight species of orgenisms were identified from collect-
Some twenty-five

ions made of the materiml eaten by the haddocks
species of marine worms are as yet unidentified.
A comparison is made between the food esten by haddeck on the

Buropean snd North American side of the Atlantic Ucean.
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