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INTRODUCTION

The quahaug G hard-shell clam, Venus mercenaria L. of
the Atlantic coast of North americaihis been investigated to
some extent in the United States because of its value as a
food product. When, about 1900, it became evident that the
abundance of the species was rapidly diminishing in the New
England states, attempts were made by Kellogg (l‘i) in New
York state and Belding (1912) in Massachusetts, to obtain
information on its life-nistory and growth under various envir-

onmental conditions. The latter work was quite extemsive, the

outlined adequate, and no more res

on the quahaug was attempted for over twenty years.
Investigation of the quahaug was resumed in 1935, by Er. V.
L. Loosanoff, sponsored by the U.S. Bureau of Fisheries, in
Gonnecticut. This resulted in the publication of several papers
on the early life-history (Loosanoff, 1937, a+b.c.) and the
relationship of shell movement to temperature (Loosanoff, 1939).
Stafford (1912) described the free-swimming larval stages
of the quahaug in plankton collections made in Canadian waters,
and Mackride (1912) discussed briefly the methods of fishing
quahaugs and their injurious

ffects on oyster culture. In 1916
& short paper was published on a supposed disease of quahaugs in
New Brunswick (Cox, 1916). Except for these papers and reference
to quahaugs by various fishery officers in the Canadian govern~
ment reports, mothing has been published on this molluse in

Canada,
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The American oyster, Ostrea virginica and the quahaug have
similar distribution in Canadian waters, both being warm water

forms at the northern linit of their ranges, and oceurring only

in situations where the sea water reaches a high temperature

early in the summer (Nelson, 1928). Malpeque bay, on the north
shore of Prince Edward Island has been one of the most important
centres of production of both species. In this area both pscies
were reduced by 1916 almost to extinction as a result of imphoperly
controlled fishing and disease, as will be mentioned later. The
Prince Edward Island Blological Station was established in 1930,

on Bideford river, near the former centre of production of oysters
and quahaugs, for the purpose of developing cultural methods where-
tored to the Malpeque bay area. The

by the oyster might be r
methods developed have been very successful, and oysters are being
restored to those parts of the area where the bottom is hard and
suitable for the development of well shaped stook. Other parts

of the area have bottom which is too soft for oysters, but which
since they did occur there at

should be suitable for, Guahaug:
one time.

For the purpose of determining the life-history and factors
1nr&n‘anc1ng the rate of growth and survival of the quahaugs in
the Malpeque bay area, the present investigation (sponsored by
the Fisheries Research Board of Canada) was started in 1938. It
was undertaken by the writer on the suggestion of Dr. a.N.H.
Needler, in charge of oyster culture at the B.E.I. Blological

Station, where the main part of the work has been dome. An
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effort has been made to obtain that will be applicabl

to more than the Malpeque bay area. Owing to the limited funds
availadble

well as limitation of time, it hag been possible
for the writer to conduct persomal investigation at only one out-
side area, namely Tatamagouche bay, N.S., where oyster culture

investigations have been in progr

since 1937. Environmental

there are from those in Malpeque
bay due to,

much greater range of tide, and may be considered to
be typical of other situations where quahsugs ocour on the south
shore of Northumberland strait. However, collections of specimens
from other locations have been examined and some idea of growth
rates of quahaugs over most of the area in Canada where they ocour
at the present time, has been obtained.

The imp parts of the may be detailed a:

follows: (a) a determination of the pre

nt distridution of qua-
haugs in typlcal parts of the region under coneideration; (b) the

of methods of growth and sur-
vival experiments with the limited stock available, so that signife
icant results might be obtained; (c) the determination of the age
of (4) the of on

the life-history and habits of the qaahaug which would be necessary
for the planning of fon (e) of a

plan whereby experiments could be set up to investigate the effects
of a large number of environmental factors on growth and survival
of quahaugs in o limited time,
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Thus & large part of the work has been the development of
suitable methods. These were worked out largely during the
first sumer, in 1938, when exploration showed where specimens
could be obtained for experiments, and observations on the life-
history and habits of qualsugs were begun. In the spring of 1939
& series of experiments was set up just before the start o the
growing season in
ason, while other experiments were set up at Malagash, N.S.,

Zord river and followsd throughout the

in the Tatamagouche bay area. During the summer of 1939 obser-

vations were made on the life-history of the quahaugs, and a

number of e were to

the ability of the quahaug to survive variations in temperature
and salinity. A series of experiments was set up in the summer
of 1940 in Bideford river, similar to the 1939 series, for the
purpose of checking the 1939 observations, and a number of

1 expe were with a view to giving
more information on certain factors, for example, - circulation
of water, which appeared to be important after amalysis of the
1939 results. The 1940 results checked closely with those
obtained in 1939 in all important features.
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GENERAL DISTRIEUTION OF THE QUAEAUG

Venus mercenaria ocours on the itlantic codst of North
America from the GuLf of St. Lawrence southward to the Gulf
of Mexico (Johnson, 1934). This is considered to be its natural
habitat and its occurrence in some places on the Pacific coast
1s attributed to accidental planting with eastern oysters. It
1is essentially a southern warm-water form, occurring only in
the more sheltered and shallow bays and rivers at the northern
part of the range, where its distribution parallels that of the
American oyster, Ostrea virginica (Belding, 1912).

_ Definite information on the bathymetric distribution of

Venus mercenaria is lacking., In Massachusetts its range is given
by Belding (1912) as from high=tide line to a depth of over 50
feet. It is not known to ocour at any depths greater than this

in Canadian waters.
Information on the distridution in Canada has been obtained

1in several ways. One source of information on past distribution

1is the Fisheries Statistics, published by the Dominion Government,

showing the centres near which quahaugs have been caught and landed.

Dr. A.W.H. Needler is familiar with the present distribution of

quahaugs on Prince Edward Island and hac furnished information

ror districts which the writer has been unable to visit. In 1939

and 1940, Dr. R.A. Ingalls of Mourt Allison University, surveyed

the mollusc resources for the Nova Scotia Economic Council and

his notes on quahaugs have been kindly forwarded to the author.

A considerable number of fishery officers, mollusc fishermen,
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and others have been interviewed and valuable information on
the past and present distribution has been obtained from them.
Personal exploration has been carried on as much as possible.

The above information has been incorporated in figure 1,
where 1t will be

n that quahaugs are limited to Prince
Edward Island and the Northumberland strait shores of New
Brunswick and Nova Sootia, The records from the Fisheries
Statistics do not indicate that there was a wider range of
distrivution in the past, except perhaps along the morth shore
of Prince Edward Island, but there is no definite information
that quahaugs are now absent from these places.

LIFE-HISTORY AND HABITS OF THE QUAHAUG.

I the ltuﬂi of the factors limiting growth and distribution
special attention has been given the life-history and habits.

Quahaugs ususlly live just under the surface of the sea'
bottom, but sometimes on hard bottom of the intertidal zome in
an exposed situation the dorsal pertion of the valves and the
ligament are uncovered. Their proximity to the surface as com
pared to other borrowing specles like Mya arenaria is nocessi-
tated by the very short siphons which praject only a few milli-

natres beyond the posterior edges of the valve

Large quahaugs
about 6 to 8 cm. long are inactive althoagh they are provided
with a powerful foot. If left on the surface of the sea bottom

in sumer they bury themselves in a short time, but once below
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the surface practically no horizontal movement ocours, Obser-
vations over several months on many specimens of this size
bave shown no horizontal movement whatsoever. Smaller quahaugs
are more active, and specimens 2 to 3 om. long have been found
to travel distances up to one foot in two summer months. Very
small quahsugs, about 5 mm. long, have a larger foot relative
o the size of the valves and are more acfive than the larger
sizes in burying themselves, but move very little horizontally.
All sizes are able to regain the surface if they have been
bturied under several inches of bottom during sumer.

Quahaugs are inactive at low teamperatures. Loosanoff (1939)
found them to remain closed at temperatures below 5° or 6°C.,and
that they were open from 69 to 90 per cent of the total time at
temperatures above 11°C. In May 1939 at the P.E.I. Biological
Station, when the temperature of the water was arbund 10°C.,
speoimons left on the surface of the sea bottom did not bury
themselves for soveral days, while in midsummer tney have usually
disappgared from view in less than an hour.

Loosanoff (193 made an exhaustive study at Milford, Conn.,

of the development of gonads of Venus mercenaria by means of

serial sections, and concluded that tae sexes are usually separate
and that spawning as males may occur in the first season of growth
and as either males or females in che second season. In Bideford
river, spawning has occurred in 1939 and 1940 after the temperature
in late Jume and early July at the bottom has reached about 23°C.,
and continued until about September lst. Pertilization ocours in
the sea water and a trochophore larva develops, followed by a

veliger larva with a shell called a prodissoconch. The veliger




¥ e

larva swins by a velum until the shell has increased from an
initdal lengtl around 0.1 mm, to 0.45 mm.; when & foot has devele
oped, the velun disappears, and the larva settles to the sea
botton or other firm surface. In 1939, the length of the free-
swinning period was estimated by ddentifying perticular broods
of larvae in successive plankton tows from spawning to settlement
and found o be around 12 days. After settlement, a shell, char-
acteristic of the adult, deyelops and fs called a dissoconch. The
foot has a byssal gland which can produce a single thread byssus
for attachment of the small quahsugs under 10 mm. in length.
Owing to the shortness of the '-mg season, the growth

rate in Venus mernenaria in Canadian waters is slow, and at least

5 years and often longer is required for the minimm marketable
length of 1% inches to be attained. On the other hand, the

length of 1ife is considerable, since specimens up to 25 years

of age (determined by the growth-ring method desorided on page 12)

are frequently found,

METHODS OF CAPTURE
The method of fishing depends upon the location of the
quahaug beds and the kind of bottom. Tn situations below low
water level where the bottom is not $0o hard, a large rake,pro=
on a long

vided with a wire soreen basket bahind and above
handle 25 to 30 feot in length, is operated from a dory. The

rake 1s thrown out from the anchored boat and slowly worked in
toward the fisherman, When under the dory, the rake is turned

over and the contents brought to the surface. The contents of the
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basket are then washed back and forth to free them of md and sand,
and the quahaugs pioked out. On hard bottom below low water level
an adaptation of the oyster tongs is sometimes used. This consists
of & pair of rakes with long curved teeth, pivoted about four feet
frew the rake end, which is lowered toward the bottom with rakes
apart, and thrust into the bottom; the rakes are then brought to-
gether and the contents raised.

On the intertidal zone quahsugs are obtained by hand picking
at low tide, either after the bottom has been dug up with a rake
or spade, or after the position of the animel has been determined
by ftreading' the bottom bare-footed. If the beds are covered by
only a few inches of water as the tide is receding, the position
of $hs quibengs oas eften be Smpatumd by sesxenlng for the Oark

open ends of the siphons.

When heavy rakes or tongs are used in fishing, many specimens
are damaged. It has been found, however, that although consider-
able damage may occur to the shells, the quahaugs survive.

At Ellerslie in 1939, specimens damaged in various degrees,
were planted in a bed and examined a month later. It was found
that specimens which had considerable pieces of the shell broken
away to expose the mantle, had not survived. Those having shells
nmerely oracked right across or whose valve edges wers ohipped
without much mantle being exposed had survived, and the breaks
in the shell were being filled in. ‘

It may be concluded that shells slightly cracked or shipped
may be repaired and mo mortality will result. But, badly broken
shells resulting from careless handling of the rakes or other
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implements may result in mortality of

in quahaug beds.

METHGDS DEVELOPED FOR “ STUDIES

At the beginning of the investigation in 1938 the problem of
developing suitable methods for conducting growth studies of the
quahaug aro:

Kellogg (1903) held individual specimene in flower=-
pots, planted large mumbers in beds in d’fferent situations and
held others in wire racks sbove Bottom, measuring the length before
and after the experiments. Belding (1912) followed Kellogg{s method
of planting experimental beds in numerous locations and held speci-
mens in boxes at different depths suspended from rafts. He evidently
had mich assistance and unlimited stook of suitable size for the
experiments, because hunereds of beds were planted and their growth
followed. Weymouth (1923) in an investigation of the life-history
and growth of the Plsmo clam (Iivele stultorum) in California, show-

ed that growsh rings were a true indication of age in this mollusc.
Eis whcle investigation depended upon this method of age determin-
ation, as the rates of growth of clams in different situations were
caleulated from measurements of the ammual rings of large collect-
ions of spscimens. Belding (1912) says nothing about growth rings
as a method of age determination for tte quahaug, and considers
tle age of specimens only when they had been reared for a known
length of time. He made use of a method of notching the edge of
the quahaug shell with a file at time of measurement so that the
growth dvring a subsequent interval of time could be seen readily,

the file mark leaving a permanent record on the shell.
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In the summer of 1938 exploration of Bideford river in the
vieinity of the Biological Station showed that it was difficult
to obtain small specimens of uniform size for experimental plots,
Several locations were found where suitable quahaugs could be
obtained more readily than in other pleces, and throughout the
sumer enough were dragged to establish 8 beds, 4! by 2' in area,
each containing 50 measured and notched specimens, The beds were
planted along a line running out from the shore of Bideford river,
from near high water mark in hard sandy bottom to beyond low water
mark where the bottom becomes & mixture of sand and mid and grad-
1ally gets softer as the proportion of md increases, Several lots
of measured and notched quahaugs were planted in wire screen boxes
such as were used in growth experiments with Mya aremaria by New=
combe (1935) and sunk into the bottom, but it was seon evident that
taese were very unsatisfactory for growth experiments with the
quahaugs here, because the wire tops became clothed in algae and
1little growth gocurred in them, as compared to growth in beds
nearby, It was found that no appreciable movement of quahaugs
planted in beds ocourred during the sumer, thus the necessity of
enclosing them in any was was removed. The recovery of specimens
from beds planted in the intertidal zoue was found to be compara-
tively easy, as tuey could be felt for with the hands, or the
bottom raked up at low tide when they could be seen and phoked.

It was found difficult to recover specimens from beds beyond the

water level by dragging, and some other method of following growth

in deep water proved to be necessary.
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In 1938 it appeared that growth rings would be reliable indices
of the age of quahaugs. The regularity in the width of bands on the
shells of specimens raked throughout the swmer, was moticed first,
then the increasing width of the lighter-coloured new shell beyond
on progressed, was observed. Speci-

the last check-mark as the st
mens raked late in the summer had a final band of lighter colour
than the rest of the shell, ané of about the same width as previous
‘bands. In general, larger specimens had added narrower bands than
smaller specimens, and this was in accordance with the width of

previous bands on th
recovered from the experimental beds showed lines on the shells

at the position of the noteh similar to the other checkemarks
between rings, but always fainter. Similar indefinite lines some-
times were observed between the definite check-marks, apparently
but these were always

marking the interval between growing season
distinguishable from the latter, especially at the ends of the
shell where they were barely discernible. In & small proportion
of specimens from Bideford river and Paugh's creek there ware so
many lines throughout the shell that it would have bsen difficult
to read the age, but less than 5% of the specimens were in this
condition. The large numbers of rings may have been due to fre=
sit-

quent disturbance of the quahaugs by oyster raking in the;
uations where the bottom was soft, as quahaugs from harder bottom
in pjaces where they would be undisturbed did not show such dis=
turbance rings. In none of the speoimens held in beds during the
at

sumuer were any lines produced other than those which aro
the time of notching. In the spring of 1939 examination of
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specimens from the planted beds showed the addition of a narrow
bank of shell beyond the last check-line which had been made at

the time of motehing in the previous fall, and there was, in some
specimens, a.very slight amount of growth visible beyond the check-
line of the 1938-39 winter, which was as yet evident only at the

_ posterior ends of the shells where the growth had ocourred, Examin-

ation of a sample lot of specimens from the beds planted in 1938
and undisturbed until the fall of 1939, showed in all cases the
definite winter check-line slightly beyond the last notehing line
of 1938, followed by the growth of the 1939 season, which was in
every case free of any check=lines.

In the first attempts to read the age of quahaugs from growth
rings, the chief difficulty was in determiniug the extent of the

first season's growth. This was due to the wearing away of the

shell in some specimens in the region of the wmbo, and to the ine
turning to some extent of the first-formed shell as the shell
produced early in life were

increased in size, and the valv
spread apart. Nothing was known of the size that quahsugs reached
during the first season in this region. Collections of quahaugs
spawned in 1938, and found attached to oyster collectors in Bideford
river late in the season, showed the small size reached in several
months! growth, and further collections os small specimens from
Malagash, N.8., in 1939, showed what size might be expected for
quahaugs at the end of the first season. It is now possible to
deternine the check-line produced at the end of the first growing

son in most cases, as 1t is much nearer the tip of the umbdo than

was first expected.
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After the preliminary work of 1938, the following general
methods of conducting growth studies were adopted in 1939, They
proved to be satisfactory and were used again in 1940,

Collections of specimens were masde as early as possible in
the spring in the same location from which the number of similar
lots os speoimens required for experiments were made up. For
example, in the spring of 1940, enough specimons were dragged near
the mouth of Paugh's croek in five days by Mr. Colin Hutchinson,
an experienced quahaug fisherman, to provide 25 similar lots
(of 73 specimens each), with a size range of 17,5 to 43.5 mm,,
helght, and & mean height of abdout 32 mm. for each lot. The
specimens for each lot were picked by & method of random sampling
which gave similar size composition to each, and a size-frequency
distribution similar in form to the normal curve.

At the start of the experiment in 1939 the dimensions of each
specimen were measured with a vernier caliper to the nearest tenth-
millimetre, The usual measurements of bivalves are length (the
greatest antero-posterior dimension of the valves), height ( the
greatest distance from umbo to ventral margin of the shell), and
thickness (the greatest width.throughithe two valves perpendicular
%o the long axXis). The ventral margins of all the shells were
notohed 14ghtly with a three-cornered fils, and sach time the

specimens were recoveped during the growing season, for measure-

ment,. At the end of the growing season a record of the extent of
growth in each of the growth intervals was visible on the shells,

since the notches could be seen plainly,
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In 1940, when a greater number of specimens was used in each
lot, in order to save time in getting the experiments set up and in
returning the specimens to the water after taking them up at inter=
vals throughout the growing season, all the measurements were made
at the end of the growing season. The specimens were notched at the
start of the experiments, and again when recovered. A light check-
line is produced on the shell at the time of notching, and measure=
ments can be made of the size to the end of any period in the fall,

It was found in 1939 that the most convenient dimension to
measure on the qushwg shell is height, and it was decided then to
use helght as the size dimension throughout all the growth experi-
nents, When deterninations of age were attempted by reading growth
rings and the size measurements at the onds of various years were
desired, the of helght over length

was found,
In quahaugs small ridges having nothing to do with the annual
check marks, are produced on the surface of the shell parallel to
the growing edge. They are less evident over most of the shell
surface after the first few years of growth and do not hinder the
reading of cheok marks near the middle of ths valves. At the ends
of the valves, however, they are always quite prominent snd make
diffioult the reading of the check marks. The height of a quahaug

shell is greater in proportion to the length than in most bivalves,
@s shown in figure 18 (Ht.= 0.92 L.), and the acouracy of the
measurement is therefore about the same. Alw, since the umbo has
@ definite posttion, the error in applying the vernier caliper for
the height measurement is only half as great as the error when the
calipers are applied to the two ends of the annual rings, since an
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estimation of the position to set the callpers must be made at
both ends.

Measurements of the three dilensions, length, height and
thinkness were made for all specimens at each time of measurement
in 1939, and from these the relationships between height and length
and height and thickness have been plotted. (Fig.18) Determinations
by water displecement of the volume of various sizes of specimens
have also been made, and the height-volume relationship is shown
in figure 18, In 1940 measurements of length and thickness were
made for only a few lots where a change in shape was thought pro=
vable.

Growth in the intertidal zome and for a short distance beyond
low water level was determined by planting each lot of specimens
in a bed 4 ft. by 2 ft. in size, with the corners of the bed marked
by stakes. e quahaugs could be regovered at low tide by feeling
for then with the fingers.

Growth in d

or water was studied by planting each lot ef
speoinens in a wooden trey 4 ft. by 2 ft. in areu and 6 in. deep,
the wood being 1 inch thick and coated with special paint for pro=
tection against shipworms. After filling the trays with the re-
quired type of bottom material, rope bridles were attached and the
trays were either placed on the bottom with tarred ropes leading to
buoys &t the surfuce, or hung at any desired depth from a pole
supported by wooden tripods, Such a tray when filled and ready to
put out weighs several hundsfed pounds but it can be handled con=
veniently by four men, if towed just below the surface between two
doris

and lowered carefully st the required location.
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To determine the effect of light and circulation of water
on growth, special trays were constructed. They will be described

factors are disoussed.

later when the

Newly-settled §lahaug:

measuring specimens obtained from bottom scresnings at differant

on the shore of Tatamagouche bay, by

times during the growing seasons of 1939 and 1940, the growth of
small quahaugs in their first two years of life was followed,
Larvae: Aptempts to follow the growth of the free-swimming larval
stages were made in 1938 by taking pliakton tows over quahaug beds
in Bideford river with a net of No.18 silk bolting-cleth, through-

out the season. The larvae of about a dozen specles of bivalves'

are present in such tows and the recognition of quahaug larvee
presented sbme difficulty, especially ia the early stages. Stafford
(1912) illustrated what he considered to be quahaug larvae in plank-
ton tows teken in Malpeque bay, and larvae similar in size nd
appearance to these were found in small numbers in the 1939 tows,
Early in 1939 a large bed of quahsugs was planted just below low
water level in Bideford river and tows were taken regularly over
this bed, Much greater numbers of the same larvae as found in

1938 plankton tows ocourred in these tows, aad it was possible to
follow several 'broods! until they dlsappeared from the water, when
8 few were found to have settled on byster collectors nearby. The
later stagee of larvae have a characteristic umbo, which coupled
with the large size of the larvae, makes them unmistakable but 1t
was still uncertain whether these younger straight-hinged stages,
found by working backward through tows taken previously, were the
same as those deseribed by Stafford.
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hosordingly several attempts were made to obtain larvae by
indueing adult quahaugs to spawn in the laboratory, but these were
all unsucoessful. The quahaug does not respond to increase of
temperature and the presence of genital products of other ripe
quahaugs by spawning as do the oyster and mussel. This was also
found Loosanoff (1937¢) who was successful in getting quahaugs to
spawn in the laboratory in only a very small proportion of cases.

An attempt was them made to fertilize avahaug eggs artificially,
by addition of male gonad to ripe eges in sea water, After several

unsuce

ful experiments a few motile trochorphore larvae were obt:

ned on July 29, 1940, when eggs and sperms were taken from quahaugs
which had apparently shed less than half their spawn, On August

6th, 1940, the experiment was repeated; successful fertilization
oceurred, and straightehinged larvae had developed by August Bth.
Camera lucida drawings and measurements were made, and these checked
with those of Stafford, This is apparently the first time artificial
fertilization of quahaug eggs has been ob

rved. Loosanoff (1939¢)
reported mumsrous unsuccessful sttempts and atéibuted the megative
results to the inability of the germinal vesicle of the egg to break
down when the egz is outside the ovary. This dissolution of the
gerninal vesicle is the orusial step preparing the egg to be fertil-
1zed by the sperm, and according to Loosanoff it never ocours if the
ovary is out, even if the quahaugs are in the act of spawning at the

time, This theory is disproved by the present result

In 1940 it was not possible to follow "Broods" of quahaug

larvae in the tows because there were quibe large numbers of mature

larvae continuously after the first appearance of umbo stages on

July 16th, Bvidently quahaugs do not spawn in marked bursts like
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oysters and mussels, whose broods of larvae can be easily followed
in successive towg, but the production of larvae by Quahaugs appears
to be a gradual process extending over & long period when the water
tenperature 1s sufficiedyl hlgh, The relationship of spawning to
temperature wilirbe discussed later.

INVESTIGATION OF FACTORS LIMITING GROWTH
Bideford river, P.E.I. experiments. (a)

In 1939 twenty-four plots, each containing 50 small specimens,

were

t out in Bideford Fiver at the beginning of the growing
season, They were arranged as shown in figure 4a to demonstrate

the effect on growth of kind of bittom, position on intertidal zome,
depth below low water level, crowding, eel-grass, exposure to light,
ete. In 1940 twenty-five plots each contalning 73 specimens were

set out as shown in figure 4b, These experiments were a reretition

of those set up in the previous year with the addition of several
to give more information on the effect of circulation of water on
growth.

The method for of the consists
of plotting histograms to represent the size-frequency distributions
in each ylot at the beginning and at the end of a certain growth
period. The histograms for all the plots are similar and are dis-
tributed about the same mean height (to within 1 mm.) at the start
of the experiments. Comparison of growth betwsen different lots
during a time interval can be made by observation of the distance
traversed by the histograms along the size axis. The histograms

representing the data obtained in the experiments of 1939 and 1940
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are shown in figures 10 4o 14, Since the experimental plots were
arranged so that one plot could provide data on several faotors
wherever possible, the plots concerned in the discussion of each
faotor have been gathered on separate pages.

The mean heights of each lot at the beginning and at the end
of the expe.imental are shown on the diagrams, as well as the stand-
ard errors of the meaus.

There has been very little variation (usually mot more than
0.5 mm,) in the final size of quahaugs having the same initial

size, which were held in the same situation. Consequently the his-

tog ams the si at the and at
the end of a growth period are very similar in form, Also, the
standard errors of the final mean heights of different lots exhibit
1ittle variation, and they are slightly less than the standard
error of the initial mean heights. This s a result of a more
rapid incresse in height on the part of the smaller specimens,
ocausing thim to overtake some of the larger specimens, with a
oconsequent reluction in the spread of the histograms,

1t has been decided that a difference in final size between
two lots of speoimens shall be considsred insignificant unless
there is an obvious difference in the positions of the histggrams

representing the lots. Such a Judgment of significance is made

possibly by the constancy in the form of the histograms as pointed

4ut above. Whire there is no définite difference in position of
two histograms, but a small size differance is shown by comparison
of the mean final heights, a trend may be indicated, but the
significance of the difference is held in doudt unless the saue
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observaion was made upon repetition of the experiments.

From the calsulated values of mean height and standard error,
an estimation of the statistical significance of differsnins between
the final mean heights of different lots can be mad» by appligapion
Of the 't! test for small samples, as descrided by Fisher (1934),or
Goulden (1939). This test has been applied in a number of cases
to determine how great the difference between two means of the
present population need be, to consider them liable to oseur by
chance in no more than 5% of total trials (the generally-used
level of significance set for biologigal ‘nvestigations), For
exawple, applying the test to two final mean heights obtained in
the 1940 experiments, when such heights differ by 1.6 mm. and have
a standard error of the difference amounting to 0.8 mm., the pro-
Dibility of this difference ocourring by chance is 5%, or 1 in 20,
In the present series of experiments from the fact that the same
specimens are measired at the beginning and at the end of the growth
periods ant their individual identity is known, coupled with the
slight variablldty in growth of different spepimens of the same
size, it should be safe to assume a slightly higher level of
significance. Howeve~, in discussing the significancé of the results
below, unless there is good reason to believe otherwise, (a~ for
example when a defin‘te trend is in evidence along a series of plots)

differences are considered of doubtful significance when the pro-

hability of their orcurrence by chance is greater thar 1 in 20.
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In 1939 a series of plots containing similar lots of 50
nixed sizes of quahaugs ranging in height from 25 to 75 mm.,was
set up parallel to the series contalning only small sizes
(figure 4a). The purpose of this series was to compare growth in
aifferent sizes of quahaugs, and also to compare growty in Bideford
river and Malagash basin, where similar lots of quahsugs were planted
in the spring of 1939. The measurements of these lots at the begin=
ning and end of the 1939 growing season, have been grouped into
helght classes of 10 mm. range, and the average inirease in height
of each class has been calculated. These calculations are tabulated
in Appendix 2,

Sallaity,

Salinities were taken at intervals throughout the periol >f
open water in 1939 at four hydrographic stations as shown in
figure 2, While considerable differences in salinity oceurred
between stations 2301 and 2007 for example, in the spring, following
the melting of snow aad lce and spring rains, and again late in the
fall, chere were slight differences in salinity at each of the four
stations throughout most of the gzrowing season. In 1939 atout 70%
of cha season's growth occurred between July 13th and September 6th,
and at no time were there differences of more thaa 1} mille between
different stations.

The remarkable similarity in saliniiies throughout Malpeque
bay and its inlets or river is yointed out by Neeclsr {1931) who
states that there is iisuglly no moie than several parts per mille
difference between the upper emds of tre inlets like Psugh's
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creek and the open bay. It can be concluded that salinity may
be disregarded as a factor of any importance in limiting the
growth of quahaugs in different parts of the Malpeque bay area.
Late in September, 1939, a collection of quahaugs was
obtained from two of the tributaries of Paugh's oreek to determine
how far up toward the hesds of the creek quahaugs might be found.
The upper limit where breadth of the inlets is only about 50 to
175 feet, is shown in figure 2. The growth of these specimens as
shown by annual rings was no less than the growth of specimens
obtained near the mouth of the creek, where fresh water would be
at the surface following rains and mot affecving the salfnity
of the whole stream, as it would in the shallow and nmarrow upper
heads of the inlets.

Temperature,
To determine the correlation between seasonal growth of
quahaugs and temperature, sample lots of speciemns wers taken up

intervals throughout the growing
at exkexvazsxkirpigi

son for measurement, and

+emperatures at the beds were recorded daily by maximum and

minimn These were 1 by
taken daily except Sunday from the ond of the landing stage,
The plots in trays (position 5. fir.4) containing sandy mmd
Jjust below low water level will be connidersd as examples, since
temperatures were taken nearhy.

In 1939 the spocimens were set out on June lst and in 1940
on June 11th, both these lots having been fished within the

previous week and held on the bot*om mear low water level until
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needed. No growth was visible on the specimens before these
dates, This was in contrast to oysters of similar lemgth, which
had grown considerably, about ome half inch of new shell having
been formed by some. The times of recovery of the quahaugs for
measurement depended upon the condition of the tides and pressure
of other work, and in 1939 they were recovered on July l3th,
August 6th, September 6th and finally on November 6th; in 1940
Tecovery was possible at monthly intervals, oni July 12th, August
12th, September 12th and finally on November 15th just before
freeze-up.

The maximum and minimun temperatures taken throughout 1939
and 1940 have been plotted in figure 6. Some criterion was
desired by which temperatures effective for growth might be
indicated, and upon examination of the temperature graphs and
the growth of the specigens, it appeared that the season's growth
oceurred during that time when the minimum water temperature was
above 10°C. That the minimun temperature for growth lies some-
where around 10°C., s also suggested by the work of Loosanoff
on shellemovement in Venus mercenaria (Loosanoff, 1939) where he
found hibernation to occur in most clams when the water temperature
fell below 5° and 6°C., and the average period of openness of

the valves to reach 88% of the total time only when the water
temperature had reached about 11°C.

If the horizontal line be drawn across the record at 10°C. and
the area between this line and the minimun temperature line calou-
lated, a possible expression of effective growth temperature in

day degrees can be abtained. Comparison of the growth during each
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Table 1,

teffective temperatures' are shown in’ the foll=

Time intervals 195
between Tefors  Jwme 1 & I3 SepEE Total
measurements. fune to
5 2wy 13 sephes Hevas
GRONTH
Actual Helght
increase 0 2,6 nm. 5,8 mm, 0.6 mm, 9.0 mm,
Percentage vf
whole [ 291 64 kil 100%
3
Number dq-ﬂ-y s 40 280 567 100 987
over
Pergentage of 4% 29% 57% 10% 100%
‘whole
Time intervals 15
between Before — Jume IT July I3 aug, 13 Sept.I3 Totw
measurements June 11 te o n
uly 12 auge 1§ septuaz  Novais
GROWIH
Acutal Reight 0 1.6 mn. 212 mm, 416 om. 015 um. 8.9
increase
Percentags of
whole ° 181 25% 2% 5t 100
TEMPERATURE
Number day-degress 56 162 292 236 9 840
over 10°C.
Percentage of
whole 7 191 351 281 ui 100%




In 1939 when the interval July l3th to Sept. 6th was not
sub-divided, a rather Llose correspondence existed between the
tage growth and ‘e dur’ng each perid.

In 1940 when the growing season was divided iito shorter periods
the size incresse was greatest during Augist 13th to Sept. 12th.,
while the average highest temperatures occurred from June ‘3th
to August 12th. Evidently other factors tlan temperatures are
of major impostance in lontrolling the growth during different

parts of tue swmser, for example food, spavn’ng, etc. How-

sver, the groalng season as & whole is delimited by tempevature
as the primary factor.
Bottom temperatures taken at four stitions from 2001, in

the upper part of Paugh's creei, to 2004 in Malpsque bay (Fiz,?),

at intervals throughout the 1939 growiag seacon are plotted in
figure 74 Comparison of temperatures taken at 2001 and 2007

shows that the different grow.h rates exhibited by quahaugs from
these two situations (F1g.17) are not likely a result of tsmper-
aturs differences, since the 2001 temperatures are usually slightly
higher than temperatures at 2007, Similarly quaksugs teken from
Paugk's creek to clean beds just west of 2003 grew facter than

in their old location, but theis iu little, if any, temperature

difference between the two places, Lke temperatures at 2003 being
lower thew 2001 temperatures thrcughout 1939%
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Light.

#nile quahaugs generally live entirely buried in tie bottem
except for the siphone which ccme to the surface, they are sometimes
partially exposed on shcres whers severe wave :ction takes place,
Again, they have been found in considerable mumbers entirely cn the
surfave, amoug mussels in the intertidal ome of the Besin, Malagash,
NeS. Dr. Ao G, Huntsman (19:1) showsd that light has a marked effeot
on the growth and shape of small mussels oxposed undes glass, caus-
ing thew to grow less and to be Lluuter than specimens held uncer

similar conditions, Wt in the dark. It wus thought that an experi-

ment designed to show the effect of light on the growth of Quahaugs
might give interesting results, espeeially if mui

.5 und oysters
were included for comparison.

4 floating tray, 12' by 4' by 6', with wooden sides, and 3"
wire cioth bottou similur to those used in the rearing of smail
oysters was vonstructed in the spring of 1939. The inside was
divided by wouden purtitions into eight equul comyartments.
Alternate compartments were covered by wooden .ids snd the others
werv covered with 'Celloglass”, a flexible transparent medium
reinforced by window screening. All the wood was coated with a
special paint for yrotection against shipworis. Ome los of qua-
hugs was placed in esch of the four COmpArtaonvs at one end of
the tray. Bach of tue remaining four compartments wus subdd.lded
by wire ocloth and one lot of oysters and one lot of mussels
were placed in adjoining subdivisions. The tray was moored

(as shown in figure 4a) whers it would be protectel as much

possible from the wind. Sach a tray is floated largely by
the 1ids which lie just at the water surface.
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The tray was examined at intervals of a few days throughout
the sunmer when any growth of algae was remuved, snd the specimens
were scattered if they had become clustered, In the lighted com=
partments there was more growth of algae than in the dark, while
in the latter a heavy settlement of mussels ocourred during the
surmer, none having appeared in the lighted compartments, When
the experiments was repeated in 1940 there was mot as heavy a
growth of algae as in 1939, but the set of mussels was similar,
In neither year was the growth of algae sufficient to clog the

wire screen of the tray bottom mor was there emough present betwoe)
times of cleaning for any expected effect on growth by degreased
cirgulation, The greatest difficulty was in keeping the mussels
separated as they quickly formed clusters, attaching themselves to
one another and to the tray bottom by their byssi.

In figure 12 the 1939 growth of quahaugs in the light and in
the dark may be compared. All the 1ight and all the dark specimens
wers considered together in that year, but in 1939 the data for uq)f
of the four compartments are shown separately. Very little differ-
ence shows in the final siZh of quahaugs held in the light and dark.
In 1939 the dark specimens had a slight advantage, but the situation
was reversed in 1940, and light may be considered to have no sign-
ificant effect on growth rate of quahsugs. It 1s to be noted that
growth in the floating tray was considerably less than on olean
beds and trays filled with soil. as Belding (1922) pointed out,
Quahaugs held out of the hottom do not grow as well as those

normally turied.
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Comparison of the growth and shape of quahaugs, mussels and

oysters in the light and in the dark 1s made in the following

table.
Table 2.
TAEX
Species. Nean size No. Mean size No. Size Ratlo
at_start at_end increase /L
T, T, .
v Length
mercenaria 28,5 95 373 95 8.8 W54
s 4.3 1.5
1940 3.1 145 351 145 4.0 -
5 +5 4.5
ilus Lemgth
P 2406 50 36,1 45 11.5 37
T53% .3 o4 .5 $.003
1940 14,0 60 28,5 45 14,5 .38
£.06 s.1 $.2 $.009
e ]
Yirginica
555 20.; 50 59:5 50 30.1 33
o s -.
1940 21.3 10 43.6 10 28,3 .21
LioEs
Speeiss Mean size No. Mean size No. Ratio
start t_enc xncrun T/L
Venus i Spoenec e i -
mercenaria 28,5 97 36.3 9" 1 54
1955 “ 3.4 4.6
1940 3.4 131 35.) 131 4.5 -
=4 =.5 =6
@F‘" ..;x;agh 50 34,5 44 943 37
sdulis . B .
1535 .3 +o5 .6 $.003
1940 ;i 60 ei.g 49 1‘:.) '336
Ostrea = W 3 -
virginica ~Z y
21,4 50 41,3 45 19.9 .31
4.3 t-g +.9
1940 2.8 7 43. 7 21.0 .33
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As an ‘ndex of shape the ratio thickness/length was calou-
lated for the juahaug and mussel lots, while the ratio thickness/
average of length and width vas caleulated for the oysters, The
small number of oyster measurements for 1940 is due to most of
the specimens having beéen lost when a severe storm ou September
16th washed away the covers of the lighted compartments.

During both years mussels grew more in length in the dark.
In 1939 there was no difference iu the mean values of T/L, but
& suall number of specimens from the lighted compartments hal
the peculiar blunted appearance found by Dr. Huntsman (1921),
and none in the dark had such an aprearance, Iu L94C the mussels
were kept separated throughout the summer to a greater extent than
in 1939 and the blunted appearance was evident to some degres in
most of the spscimens. The average value of T/L was greater for
the light specimens in 1940.

Oysters grew considerably more in the dark compartments than
1in ihe 1ight and the thickness was greater at the end of the
growing seasons in the light. Oysters have a better shape when
the thickness is greater in proportion to the other dimensions and
with this end in view it might be advantageous to expose smail
oysters to light.

It may be concluded that exposure to light has no effect on
size or shape of the quahaug, while oysters and mussels grow less

in length but tend to thicken when exjosed to light.
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Exposurs

In both 1939 and 1940 four beds were planted from just below
high water level to just beyond low water level (Fig.d).

To. dsternine the water coverage throughout the growing season,
a tide clock was operated on the larding stage and the helsnts of
water, at which each bed was just covered, were set on the tide
records, In the following table are shown the proportions of
growsh at each bed to growth just below low water level, and the

proportion of time each bed was covered with water.

Table 3.
1939 1530
goverass GCoverage
Growth  Tot. Growth
2 1549 40,3 4.6 1550 70,1 43.6
3 3111 98.5  100.0 2204 9947 100.0
4 3840 100,0 95.0 2208 100,0 95.8

The results of these experiments are shown in figure 10, and
also the better growth in bottom trays than in beds 1s shown.

In 1940 beds 1 and 2 were slightly lower in position than in
1939, while in both years there was very little difference in cover-
age at 3 and 4, Better growth ocourred in Lot years at bed 3 than
at bed 4, but this may be explained by the presence of eel-grass
near position 4, rather than by difference in coverage. (see
"Eel-Grass" later).
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In the above table it may be seen that the proportion of
growth 1s always loss than the proportion Gf coverage, showing
that the number of hours that a bed is covered by water is not
tha only factor controlling growth, Variations in tempsrature
accompanying exposure at low tide, are always more warked at
higher levels (fig.8). Th2 amount of food available for quahaugs
may be affected by exposure of the sea bottom to air at low tide.
‘The eveluation of these and other factors affecting growth in the
intertidal zone is mot possible at the present time.
Distance below low water level,

In 1939 the growth of quahaugs in the bottom tray at position
7, 5 feet below low water level, was slightly less than in the
trays 5 and 6, just bolow low water level, and the growth in the
bottom tray at position 8, 10 feet below low water level, was
slightly less than at position 7. (Mean heights on September 6th
Were 39.6 £ .6 at Noo5, 3842 ¥ o5 at No,7 and 36.8 £ .5 at No.8)

Repetition of the experiment in 1940 with an additioral bottom
tray 73 feet Lelow low water level showed that slower growth need
not be expected in the deeper situctions ualess there is some
obstruction to oirculation such s the presence of eel grass,
Growth at position 8, 7s feet b#low low water level,was the same
as at position 5 in bottom trays where no eel grass was near, the
final mean heights of these lots being 39.5 % .6 and 39,7 # .6
respectively (figure 13, No.8, 1940; figure 10, No.5, 1940),
At position 7, 5 fest below low water level, growth was consider-

ably less than at either position 5 or 8(figure 13, No.q) and
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exploration showed that there was

1 grass around the tray,while
nome occurred mear the other trays, At the deepest position, No.9,
10 feet below low water level, the growth was slightly less than

at No.8 (figures 13, 14) and no eel grass or other obstruction was

found there, Considerable difficulty was gxperienced here in

getting the tray out of the mud since the bottom was very soft,
It is possible, however, that this tray had sunk lower than the
tray at No.8, giving less circulation of water similar to the
bed at low water level, where the same final height of 38,1 = .7
(figure 11, No,13) was attained.

Bottom.

The kinds of bottom in which quahsugs commonly ocour may be
classified as (a) firm sand, and (b) rather soft sandy mud, called
"rubber bottom". The former 1s characteristic of the shallower
beds extending from the intertidal zone outward to sand bars or
shoal areas where the bottom is largely free of mic. Tho latter
1is found in deeper water just beyond the hard bottom of oyster beds,
where quahaugs once occurred in abundance,

To compare growth in these two types of bottom, plots were
set up in bottom trays, No.5 containing sandy mid from beyond
low water level, and No.6 containing clean sand from the inter-
tidal zone, In 1939 the growth of each lot was the same as shown
in figure 11, In 1940 a growth of eel-grass occurred in Bideford
river just outside the low water level and was very close to several
plots along this line, The sand tray at No.6 was affected in this

way while the mud tray at No,5 was some distance from the eel-grass.
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As a result probably, the 1940 mean growth in the sand tray was
slightly less, amounting to 7.1 mm. in height as compared to a
mean increase in height of 8.4 mm. in the mud tray.

It may be concluded from the 1939 results, where thers was
no difference in the surroundings of the two trays, that kind of
bottom does mot influence growth rate.
Eel gra:

Before its almost complete disappearance, in 1931 and 1952,
from the southern part of the gulf of St. Lawrence (Huntsman 1932),

eel grass,

ostera marina L. was very abundant in areas where

quahaugs ocourred. 4 noticeable increase in the atundance of eel
grass has been observed from 1938 to 1940 in the Malpeque bay
area. It is probable therefore that many areas wehre quahaugs
could be raised will soon be covered by the plant, and its effeot
upon growth and survival of the quahaug has been given considerable
attention.

To deternine the effect of eel grass on growth, beds were
planted on clean bottom and on grassy bottom in Bideford river,
In 1939 the most convenient patch of eel grass was off Mr, Fred
England's property on the north shore of Smelt oreek (figure )
Two plots of specimens wers set out here, No.12 on clean bottom,
and No.13 sbout 6 feet away on bottom oovered by KRk sel erass.
These were left over most of the growing season, from June 13th
to September 26th. In 1940, owing to the spread of eel grass
sinde the spring of 1939 it was possible to locate a bed, in thick
eel grass st 17 (figure 4bl, for comparison with the ¢lsan beds

at the same level,



S5

The results of the experiments are shown in figure 13.
Specimens in beds covered by thick eel grass grew considerably
less than those in clean beds nearby.

On September 27th, 1939, a collection of quahaugs was made
on the east shore of Paugh's creek (figure 2b) where eel grass
was quite plentiful but not as thick as at plot 13 (figure 4a).
§ron this collection a sample was drawn,showing similar size-
frequency distritution at the sgait of the 1939 gHowing season to
that of the experimental plots. Histograms for this sample are
shown in figure 13, for comparison with those of a clean plot at
4, (figure 4a). The growth, near the mouth of Paugh's creek where
eel grass occurred, was much slower than on the clean bottom at
No.4, Temperature and salinity conditions at these two locations
are very similar (figure 7).

At the end of the 1940 growing season results differing from
those of 1939 were obtained on several plots just west of station
2003, Examination of the bottom showed that eel grass was present
on or close to these plots. For example, bed 4 was similar in
position to bed 13 but it was partially surrounded by eel grass
while bed 13 was surrounded by clean bottom for a radius of 10 feet,
The growth of specimens in bed 4 was intermediate between the growth
in beds 17 and 13,

Lot 7 in a bottom tray 5 feet below low water mark grew much
less than 16t 8 in a similar tray 73 feet below low water mark and
100 feet farther out. Examination, in September, of the bottom
with oyster tongs showed that lot 7 was located just on the edge

of the patoh of eel grass while the bottom at 8 was clean.
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It may be concluded that quahaugs in a bed covered by
dense esl grass grow much more slowly than quahaugs in a clean
bed, and even thinly-distributed eel grass has a noticeable
effect on growth. Moreover growth is considerably hampered where
el grass does mot grow on the bed itself but merely occurs

close by.

Further consideration of eel grass will be given under the

heading "Water circulation".

iter circulation,

Several observations on the growth rate of quahaugs in the

1939 Bideford river the of water
eireulation as a factor limiting growth:

(a) Quahaugs, as shown by the eel grass experiment cn the
north shore of Smelt creek, grew much more in a clean bed then in
& bed nearby with similar environmental conditions, except that
tha latter bed was covered with eel grass (figmure 13).

(b) Similar lots of uahaugs planted on June 1st on the
bottom of Bideford river in beds and in wooden trays resting on
the bottom at the same level, but with the specimens raised off
the general river bottom a distance of six inches, exhibited
significant differsnces in growth (figure 14). & possible sx-
planation of the faster growth in the trays was that as a result
of friction with the general river bottom, the rate of flow of
water six inches above the bottom was greater than the rate of
flow on the bottom.

(¢) The growth bands on quahaugs held on clean bottom in
beds near low water level, (just west of station 2003 (figure 2))
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throughout the 1939 growing season, wers considerably wider than
the growth bands of previous years, which had been added when the
specimens were 1iving near the mouth of Psugh's cresk at B. The
growth bands acded in 1939 by similar specimens at B were also
found to be significantly narrower than the bands added near 2003.
When investigation of the bottom at B was made, and eel grass was
found scattered over the beds, it appeared that circulation of
water might be the factor of major importance responsible for the
growth difference, Temperature and salinity conditions at the
two locations are almost identical, and while the bottom at the
mouth or Paughts creek contains slightly more mud, the kind of

bottom has been found to have no significant effect of growth rat

(d) As determined by measurement of growth rings of quahaugs
sample from each location (figure 17), the growth rate of quahaugs
fished near the low water mark on the south shore of Bideford
river near 2007 was faster than the growth rate of specimens
obtained up-river at B (figure 2), Temperature and salinity con-
ditions at the two jocations are very nearly the same (figure 7)
throughout the growing season, und there were no other obvious

differences in physical and chemical conditiocns except circulation

of water, At 2007 the current is quite noticeable when the tide
1s rising or falling. At B. toward the bead of tide, little effect
on floating objects can be noted at any stage of the tide, and a
very light breeze is sufficient to meutralize tidal current in
the upper few inches of the water.

The possibility that the nature and abundance of food is a

faotor influencing growth rate must not be overlooked. There is
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no reason to suppose that food conditious in Paugh's creek and
in Bideford river at 2007 are different, and 1t is generally
considered that water in the upper parts of inlets is richer in
the microscopic forms suitable for bivalves than is the more open
water of rivers and bays.

These observations in 1939 led to the repetition and extension
of experimental work on the effect of water circulation on growth
in 1940, In addition to bottom plots on the shore of Bideford
river a vertical series of hanging trays was set up nmear the
middle of the river. A speclal experiment was set up in which
similar lots of quahaugs and of oysters for comparison were held
in trays inside boxes permitting different degrees of circulationm,
A Gurley current meter suitable for measurement of currents in
situations where currents are slow, was borrowed from the Departe
ment of Hydrographic Service for several weeks in September.
Measurements of currents in several situations with this meter
have shown how the rate of flow of water varled in different sit-
uations where the growth rate of quahaugs was followed. The 1940
experiments on circulation of water are described below,

(a) Box Experimen

This experiment was designed to determine the effect of

different amounts of ciroulation of water on the growth of similar
lots of quahaugs and similar lots of oysters.

Three wooden boxes, similar except for the ends, were constru-
oted of half-inch luibew,with diménsions 3' 8 long, 2' wide and
11 high. The ends of one were covered with fox wire of 1 inoh mesh,

another with wooden slats spaced 3" apart, and the third was boardc
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over and six 3" holes were bored evenly spaced in each end,
The wood was coated with a special paint for protection against
shipworms and a layer of cement 1" thick was placed in the bottom
of each box to hold it stationary on the river bottom, Trays of
4" galvanized wire soreening with dimensions 2! byld? by 4" were

and divided 1 nally into two comp: g
These were suspended by wires in the boxes to give a similar space
between tray and the box all arcund. Tarred rope bridles for low-
ering and ralsing the boxes were attached and white stripes were
painted on the box covers so that tneir alignment on the river
‘bottom could be seen from & boat.

On June 19th, in one compartment of the tray of each box,
were placed similar lots of 73 notched quahsugs, and in the other
compartments were placed similar lots of 75 measured oysters
(1939 spat). The boxes were then lowered to the bottom of Bideford
river, near hydrographic station 2003 (figure #b), where the deptn

of water is about four feet at low tide. An oyster bed is situated
here giving a firm bottom and there is no eel grass or other obstr-
uction for at least one hundred feet in any direction. a lot of

quahaugs similar to the other three was placed at the same time in
mud, half filling an open-topped wooden box of size 2! by 1t by 11,
which was Set on the bottom nearby, This sample, therefore, was

surrounded by a solid wall 6" high, and the growth could be compared

with the growth «f similar lots 200 feet to the west which were
held at the surface of mud filling wooden trays.

On July 17th the boxes were taken up and the contents examined.
All the specimens were alive and there was no foullng by sea=weed,

&=
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otc, They were returned to the original positjons and not taken
13th when the were removed,

up again until
measured and weighed. The mean size of the oysters and quahaugs

in the three boxes at the beginning and at the end of the @xperiument,
and the weights of each lot at the end of the experiment are

shown in the following table,

Table 4.

Box

Hat No.Hat No, Total L - Wat No, L-Wat No. Total
pary end wh start end Wt
™

= .
No.l
olosed 31.6 73 33.0 13 1032 2447 75 4 299
47 g. 403 (3
No.2 30.8 73 34.3 13 1266 24.7 5 74 1299
medium “+.8 . 8 43 8.
open
No.3
open 3l.1 13 55.2 13 1459 24.7 75 48.9 74 1511
+.8 4 €. 43 +.7 8.

p ALl the quahaugs survived in the three boxes; growth was least
in the box with ends almost completely closed and best in the box
with end open, while in the box with ends partially closed by slats
the final size of specimens was just midway between the final size
in the other two boxes, 45% of the oysters in No.l box died end
there was little growth in those whioh were alive. All the oysters

lived in boxes No. 2 and No. 3, but the final sizes of these two
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lots were very similar, considering the extent of growth as
sompared to the quaheug:

Histograms representing the size of the three lots of quahaugs
at the beginning and at the end of the experiment are shown in
figure 14, for comparison of growth with other lots held in situ-

ations with different amounts of water circulation.

At the start of the growing

son, three trays of the regular
type containing mud bottom and similar lots of 73 specimens each
were hung from a pole supported on tripods in the middle of Bideford
river at 10, 11, 12 (figure 4b). In conjunction with 9, which was

on the bottom 10 £

t below low water level, 10 was 73 feet below
low water mark and 12 was 2j feet below low water mark. Histograms
of the slzes of each of these lots at the eginning and at the end
of the 1940 growing season are shown in figure 14. The growth of
these plots will be discussed later along with others concernod

in water cireulation.

The Gurley type current meter consists of four light aluminum
cups set at right angles to one another about a vane which is pive
otted to retate freely when suspended in a current. With gach rot=-
ation an electrical contact is made which causes a olick in an ear-
phone worn by the observer. The rate of flow of water is determined
by timing a nuaber of rotations of the vane and referring to a
calibration table supplied with the instrument. A ourrent with
velocity of at L

t 0,25 feet per

+ 18 necessary to turn the

vane of the meter amd reliable absolute measurements are not
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possible for velocities less than 0,50 feet per sec.

It was found that bottom currents in Bideford river in the
vicinity of the experimental plots could not be measured with the
instrument as they were too slow, but surface currents caused by
uoderate winds could be determined.

To compare the rate of flow of water along the bottom with the
current at various distances from the bottom, measurements with the
Gurley meter were made, off the end of Lennox island wharf, about
3 miles down river from the Biologleal Station (figure 2). The current

here was found to be sufficisnt for the operation of the meter
at all depths, and readings were made from bottom to surface just
after the turn of tide on August 23, 1540. Similar measurements
were made at Malagash, N.S., on September 9th and 10th, in the
channel at the entrance to the Basin (figure 3), The times for 10
or 20 revolutions of the vane are given in Table 5, where as many
a8 possible of the readings have been translated Into actual
velociti

These measurements show that the current at a distance of
2 feet above bottom is almost twice as fast as the current at the

bottom, and generally increases toward the surface of the waser,

Summary of circulation results and conoclusio;
The effect of different degrees of cinpilation of water on

growth of Venus mercenaria is shown clearly in figure 14, where

lots 22, 23, 24, 25, and 5 are arranged in order of the amount
of circulation allowed the specimens. A regular increase in the
ultimate size of the quahaugs with increased cirglilation of water



e o

Table 5.

Current measurements with Gurley current meter.

Locality  Date  Depth  aAverage  Number Number Velocity
time Revol- obser- feet/sec.
utions vations
Bideford  Aug.  Bottom 105 see. 10 5 0.25
river at 23, (401)
Lemnox Is. 1940 2 above . 10 0,43
botton
(T1de 4w g - 10 2 0,59
iR) b1 =¥ 37 » 10 2 0.66
[ (] 35 v 10 3 -
100 3« 10 3 -
A %" 10 1 -
The Basin Sept. Bottonm
9 (121) 76 see. 10 7 -
21 above " 10 6 -
‘bottom
tom 75 " 10 2 =
41 above
(Tide §R) vottom 37 " 10 5 -
6 m 45w 10, 1 -
Bottem 101 © 10 2 -
The Basin, Sept. Bottom 90} sec. 20 4 0.52
Malagash, 10 (121)
N.S.,off 21 above 503 " 20 4 0.91
Clarke's bottom
int A ® 9 20 1 0.78
61 % 55 20 7 0.83
(Tide #R) 301 in 6 20 2 -
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is seen. The difference in growth between quahaugs of lot 24
and lot 5 1s due to the former Lot being held o. wire screening

and not normally buried in bottom, The same difference between

the growth of similar lots of quahaugs held on clean wire screening
and held buried in mud in trays is shown by comparing the ultimate
size of specimens held in the flcating light experiment tray

(figure 13, 1940), with the size attaliied in a hanging mud-filled
tray near the surface (figure 14, No,12). Belding (1912) also
observed this difference in his experiment.

The histograms for lots 3 b 12 on flgure 14 show a regular
increase in the final size of quahaugs from the botgom 10 feet
below low water level at the middle of Bideford river toward the
surface at the same place, The difference in growth at the different
heights was not very great and of doubtful significance, but the
final size attained in the uppermost tray, No.l2, was the greatest
of any of the Bideford river experimental plots and doubtless a
result of good oirculation of water near the surface of the river
as a result of wind cufrents. While the water currents toward the
bottom of Bideford river at this location were not strong emough
for measurement by the Gurley meter, readings could be taken in the
upper several feet when a moderately strong wind was blowing.

The faster growth of Venus mercenaris when held in bottom
trays and thus raised about six inches off the bottom, then when
the specimenf were planted in the same kind cf bottom as a bed
nearby (figure 10, 1939 Nos.4 and 5; 1940 Nos.4 and 5) may be

explained in the light of the Gurley current meter meesurements.
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The rate of flow of water at a distance of two feet above bottom
was always found to be about twice as great as varee inches above
bottom, which was the nearest to the bottom that the meter could
be operated. 4 similar, though probably not as great, difference
Would be expected between the bottom and a distance of six inches
above bottom.

Growth of quahaugs held in the closed box (lot 22, figure 14)
was of the same order as grwoth in the plot covered by thick eel
grass (lot 17, figure 13). This supports the view that the slower
growth in eel grass 1s  result of decreased circulation of water,

The importance of good circulation of water to the rapid
growth of quahaugs is by these Di

in growth rate of quahaugs in dirferent locations (e.g. Bldeford
river at 2003 and at 2007) where other environmental conditions
are similar, may be explulfied on the basis of differences in the

amount of ecirculation of water.

Crowding

In 1939, beds 9, 10 and 11 were established just beyond low
water level to deternine the effect of crowding on growth., The
size of bed 9 was 4! by 2! and the specimens were about 6" apart;
bted 10 was made 2' by 1' with the specimens about 2i" apart; bed
11 was 1! by 6" and the specimens were closely orowded and touching

one another. In 1940, beds 13, 14, and 15 were established in the
same menne: tut the area of each was slightly greater to accommodate
the larger number of specimens (73) and with the same intervals
between them as in 1939 when only 50 specimens were in each lot.



-4k =

The histograms in figure 11 show a remarkable similarity
in'the final size of each lot at the end of the experiment in
both years. It may be concluded that close crowding of quahaugs
in beds do

not influsnce growth rate.

It 15 reasonable to suppose that orowding would result in
decreased gowth rate if there was an attendant shortage of food,
either due to decreased circulation or to an insufficient food
supply for each member of a large number of specimens crowded
into a small area. In molluses mormally buried in the bottom and

separated at least by the thickness of their valve

such crowding
1s less likely to ocour than in forms like the oyster or mussel
wiiich are not buried and liable to form dense clusters.

At the start of the 1940 growing season, to determine the
effect of olo

orowding of quahaugs held above bottom, one lot of
73 specimens was mixed with 200 more and the whole lot placed in a
basket of g-inch wire cloth, which was suspended 2 feet below low
water mark from tripods at position 16 (figure 4b).

M.

ured on September 11, 1940, very little growth was found on
any of the specimens (figure 11). Compared with the similar lot 18
held for the same length of time on a floating tray in a compartment
3' by 11 By 6", with bottom of j-inch wire cloth, the growth in the
orowded basket was insignificant.

Thus 1t may be concluded that close crowding of quahaugs which
are buricd normally in the sea bottom need not result in less growth
than if they were well spaced, However, little growth should be
expected if quahaugs are packed into crates in large numbers, as is
done sometimes by shippe:
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(b) Tatamagouche bay, N. S.)

In 1939 five beds of qualigugs es shown in figure 3 were
planted in Malsgash basin, and left through the growing season,
Bach consisted of 45 specimens of mixed sizes ranging from 25 to
175 mm, in height, becauss sufficient numbers of small quahaugs
could not be found to make up lots like those of the small series
in Bideford river. During the summer many specimens were killed
by Polinices heros.

Measurements of specimens which were recovered alive Have
been placed in classes having class intervals of 10 mm,, for
comparison with the data of the Bideford river series of mized
slzes. These data are tabulated in Appendix 2, Close similarity
between growth at the two locations is shown,

In 1939 and 1940, uniform samples of the settlement of quahaugs
of the previous year, were taken at 50efoot intervals from high
water level out to low water level on the shore of Tatamagouche
bay (E. figure 3a). Size-frequency distributions (figure 15) have
Biar. srepared troniepursmens of (R dbs roMtE during the
season when settlement occurred (by measuring to edge of srowth
ring produced at first winter), and (11) the growth until late in
the second’ summer. Growth of small quahaugs at different levels
can be compared by examination of these histograms.

Collections of quaheugs made in Malagash basin from the
channel at C (figure 3) and from the beach nearby at F (figure 3),
extibited different rates of growth. Current measurements were
taken at the two locations, to determine whether significant
differences in water circulation might be correlated with the

differences-in growth rate.
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Salinity.

Bottom salinities in Malagash basin have been taken daily
{with few exceptions) throughout the open water periof of 1939 and
1940, at three stations, numbered 1, 2 and 3 |figure 3). Thers has
rarely been a difference in salinity of more than 1 per mille be-
tween these stations. Plotting the salinitiex taken at station 2
shows that after marked fluctuations during May and early June, a
steady value between 28 and 30 per mille was reached and maintained
throughout the growing season (figure 9). Thersfore salinity con-
ditions are very similar to those in Bideford river (figure 7), and
it would not be expeoted that growth of quahaugs at the two locations

a result of this factor.

would differ

Bottom temperatures taken at stations 1, 2 and 3 at the same
times as salinities, rarely differed by more than 1°C. A graph
(figure 9) of the temperaturss taken at station 2 shows a remark-
able simllarity to the Bideford river temperature eraph (figure 7).

In 1939 no différence was found between the length of the
growing season at Malagash basin and in Bideford river. uahaugs
obtained for growth experiments had grown nome before June lst,
and no noticeable growth ocourred after September 20th, when the
speoimens were taken up, notched and returned to the beds until
November 1st.

Bxposure.,

AS a result of different tidal amplitude and different char-
acteristics of the tide, exposure of the intertidal zome in the
Tatamagouche bay area differs from that of the Malpeque bay area.
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In both locations a declinational tide prevails, so that a
diurnal tide, having only ome high snd one low water period in &
day, occurs at intervals when the range is greatest. In Malpeque
bay the tidal amplitude averages about 3 feet, the intertidal zone
is narrow, and Shen the range of tids 1s greatest there isa single,
short, daily high, and a very long, low tide. This results in
severe exposure of the intertidal zone, In Tatamagouche bay the ¥ix
tidal amplitude averages about B fest, the intertidal zone is muich
wider, and during periods of maximum tidal range, the tide does
not hang for prolonged lengths of time at the low water position,
It is only for several days each month that the intertidal zome
below halfetide level 1s exposed at all. Thus there are extensive
areas of intertidal zome in Tatamagouchs bay where exposure would
not be expected to be a limiting factor to growth.

This explains why quaheugs at the half-tide level in Malagash
basin grew as well as at outer levels,and in the dyke where there
was complete coverage, while in Bideford river the growth at half-
tide level was much less than at positions near low water level.

Exposure does not appear to limit the growth rate of small
quahaugs at different levels on the intertidal zome of Tatamagouche
bay, throughout the area inhabited by them, In 1939 and 1940,
uniforn samples of the settlement of the previous year wers taken
at 50-foot intervals from high water level out to low water level
at E (figure 3). Size-frequency distributions 6f the sample popu-

lations at each position are shown in figure 15.
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Wnile the mumbers prefent at the higher levels are too small
to permit a good comparison of their size with the size of speci-
mens farther out, the measurements both at the emd of the first

season when settlement ocourred and late in the following sumer,

fall within the same general size range.

Bottom.

Of the three beds north of the dyke, No,l was in moderate
firm, sandy mud; Ko.2, in soft mud; No.3, in very soft mud, No
difference in growth rate between these beds is apparent, and
1t may be concluded that the kind of bottom did not influence
growth. Inside the dyke, the small number of specimens recovered
from very hard gravel hottom on boards (bed 5) sgies difficult a
comparison of growth between beds 4 and 5. Also, the quahaugs in

bed 5 were not normally burfgd, but sometimes out of ths bottom.

ter Cireulation,
On September 9th, 1940, two collections of large quahaugs
were made in the basin, (a) from the sandy beach at F (figure 3)§
and (b) from a channel at C, 3 feet deep and about 10 feet wide

From the appearance of the growth rings, the specimens from the

ehannel app

ed to have grown more rapidly, and ueasurements were
made of the helghts to the edge of each ring, in 15 specimens of
both lets. In table 6 bhe average hel@hits to the end of several

intervals are shown.
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Table 6.

Interval Number of Sand beach Channel
measurements  mean height  mean height

End of 2nd year 15
o stp e 15
® 10th v 15
" 12th " 15
WEgeth - 13
" 20th " 7.9

Measurenents of the currents at the two positions were made
by Mr.J.R. Adams, on September 12th, when the tide was half eff,
Readings were made only at a distance of 2 feet above bottom at each
place with the Gurley ourrent meter, and gave a veloecity of 0,46
feet/sec, in the channel as against 0.28 feet /sec. on the beach,
while the current at the bottom of the channel was 0.28 feet/sec.
The faster rate of growth shown throughout in the above table by
specimens from the channel is very likely a result of increased

circulation of water there,

General Conel

o1

Temperature and salinity conditions are parallel throughout
the growing season in the Tatamagouche buy area and the Bideford
river area,

In Tatamagouche bay quahaugs in wide areas of the intertidal
zone from low water level to at least half-tide level, do not
grow slgnificantly less than quahaugs having complete water coverage.
Growth in these areas is similar in extent to growth near and belew
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low water level in Bideford piver, but at the latter location
grewth near hait-tldu level is much less than at lower levels.
This s a result of greator tidal amplitude in Tatamagouche bay
and the lack of prglonged low water periode during the times of
dlurnal tides, as opposed to conditions in Bideford river.

The growth of quahsugs was not influenced by the kind of
bottom.

b

nearby was apparently correlated with greater ourremt over the

er growth of quahaugs in & channel than on the shore

bottom in the channel.
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INVESTIGATION OF FACTORS LIMITING SURVIVAL AND DISTRIEUTION

Preliminary exploration in 193§ gave some information on the
distribution of Venus mercenaria in the Malpeque bay area, P.E.I.,

and in the Tatamagouche bay area, i;l..-nd suggested a number of
factors worthy of investigation as limiting .s\u‘vi'l. This was
followed by experiments and more exploration in 1939, aud supp=
lemented by the interviews with fishery officers and quabaug
fishermen on the history of the fishery., In 1940 field observations
have provided more information on the lmportance of several factors,

such as eel grass and drilling by Polinices heros, limiting survival,

and & study of fishery statistics and government reports has shown
the probable cause of the deeline of the quahaug fishery about 1912
o be overfishing and lack of any attempts at conservation.

The informstion obtained up to the present time will be pres
sented by considering each probable factor separately, with a view
0 showing the relative importance of each to the survival of the

quahaug.

Salinity
The most important factor limiting the distribution of quahaugs
must be

linity, since they are marine forms, Suitable saliniti

for their developent and growth lie within the range of about 27 t§
30 parts per mille, as 1t is in situations having such salinities
that quahaugs ooour on the Atlantic coaet.,

Information on the lower limit of salinity below which quahaugs

may not be expected to survive was sought in Bideford river. Here
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salinitles have been taken at intervals throughout the period of
open water for several years, at a number of stations from near head
of tide to Malpeque bay, At 2001, a station in Paugh's creek, only
a few hundred yamds from the head of tide, salinities are not mich

lower than at the moutn of Bideford river, except i the spring, as

shown in flgure 7. In 1940 there was less fluctuation of bottom
salinity st 2001 than in 1939, with a low value of 23,0 per mille

on May 17th and an aceompanying surface salinity of 7,6 per mille,
while sulinities over 26,0 per mille ocourred on the bottom for the
rest of the season, when observations were made.

Dragging the bottom of the three heads of Paugh's creek in
September 1939 showed that quahaugs ocourred Up each one for scie
distance, as marked on figure 2. They are ths able to survive
-even lower salinitles than those recorded at 2001, since these places
are only several hundred yards from head of tide, and it would be
expected that the fresh water would not yet be well stratified on
top of the salter water following spring floods of fresh water from
the land, This location may be considered typical of creeks
tributary to inlets or “rivers" entering Malpeque bay, and it may
be concluded that there is practically mo limit placed upon the
distribution of quahsugs in the area by salinity. In other parts
of the Atlantic coast region whero quahaugs ocour, there are greater
dif“eronces in salinity between the heads of rivers and the river
mouthis than ever oocur in Bideford river as, for example, along the
south shore of Northumberland strait where more fresh water is
supplied by the rivers. Here it would be expected that quahaugs

would be limited to areas near the river mouths where salinities
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would not average lower than about 20 per mille. 20 per mille is
generally considered to be the lower limit that can be survived by
oysters for any length of time, and quahaugs and oysters have similar
daistributions.

In 1939 1 were to determine how

long quahaugs of various sizes could survive in sea water and dilutior
of sea water down to fresh water, at temperatures ranging from ordin=
ary summer temperatures around 20°C, to temperatures above those
ever recorded over quahaug beds. These experiments are described in
detail in the appendix.

In these experiments large quahaugs, 60 mm, in length, 1ived
in fresh water for at least 30 days at a constant temperature of
20°C., for at least 10 days at 30°C., but for less thsn 1} hours at
40°C,, when placed s\ 1y in water at these temperatures from a
temperature of 20-z1°C. on the sea bottom, Quahaugs of average
length (8 mm.) lived for a shorter time than larger specimens in
lowered salinity, but even in fresh water survived for 3 days at 30°C.
When quahaugs wors held at 35°C. following a gradual rise to this
temperature at the rate of about }38C. per hour, smell quahaugs sur-
vived fresh water for about 5 hours, and one-third sea water, and
two-thirds sea water, much longer. During the summer of 1939 the
highest temperature recorded in the intertidal zone on Bideford river
was 35°C. at low tide in the afternoon of mgungﬁs, at half-tids
level, In 1940 the highest temperature occurring at the half=-tide
level during the summer was 31.1°C.,on August 4th, and it is highly
improbable that temperatures as high as 35°C. would ever be reached
in any situation where significant numbers of quahaugs could occur.
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Raising the temperature of the water of various salinities
surronnding quahaugs at the rate of 1 to 13°C. per hour, such as
might be experieneed in nature, showed that survival in all salin-
ities could be complete after a maximum temperature of 39.6°C. had
been reached. Theie was no appreciable difference in the ability to
survive temperature, correlated with salinity. Quahaugs held in
sea water with salinity increased to 5/3 and 4/3 normsl survived an
increase of temperature towards 40°C. as well as specimens did in
ordinary sea water.

The @bllity of quahaugs to withstand reduced salinity for
considerable periods of time is doubtless related to the tight
closing of their valves for the duration of the exposure. In the
laboratory experiments it was on}y in ordinary sea water that
specimens opened and exposed their siphons. Dugall (1939) has
shown that the ability of quahaugs to maintain life when closed 1s
related to their use of calcium carbonate from the shells for
buffering.

Fleld of g ¢l the
open water perieds of 1938, 1939, and 1940 in situations where qua-
haugs were living, and (see n

which speoimens were subjected to various temperaturs conditions

have indicated that high temperature in itself is of mo significance
s & factor limiting the survival of adult quahsugs, The importance
of temperature in the early life history has been demonstrated each

year, when the minimum temperaturs for spawning has been several
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degrees higher than required by the oyster.
(a) adults.

There was no mortality of specimens due to high temperatures
in the experimental plots below halfstide level in Bideford river
in any year, The mamimun bottom temperatures at the position of
the low water bede in 1939 and 1940 are shown in figure 6. In
figure 8 are shown the maximum and minimum temperatures at the
vatious 1940 bed positions. The highest temperature recorded at any
position has been 35°C, at position 2, during low water in the after-
noon of August ldth, 1939.

In the laboratory expermients, small  quahaugs of less than
10 mm, length survived high temperatures in ses water for longer

. ptriods and had somewhat higher lethal temperatures than had larger

specimens of siz

Blmlar to those held in the experimental plots
on the shore. A maximum subelethal temperature of 39.9°C. was
found for small quahaugs of average length 5 mm, when this temper-
ature wus reached at the rate of 1 to 12°C. per hour, In experiments
where quahuugs were raised to temperatures around 40°C. in sea
water of high salinity, such as might result from evsporation in
tidal pools at low water, survival was as good as in ordinary sea
\ﬁur. The specimens remained closed in these increased ﬁnxnn

(b) Spawning.

The importance of temperature in limitins the distritution of
bivalve melluscs is concerned with the spawning of adults, us pointed
out by Nelson (1928), He statad that Venus mercenaris is found only

in relatively few sheltered areas where subtropical spawning tempera=-

tures of 25°C. are attained, while Mytilus edul!

with & low spawning
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temperature between 10 end 12°C. is the most widely distributed
marine lamellibranch in the northern hemisphere.

Observations on the time of appearance of quahaug larvae in
Bldeford river over three summers have shown that the onsst of
spawning ocours somewhat later than in the oyster and apparently
only after the water temperature over the quahaug beds has reached
at least 23°C. For example, in 1938 no larvae were found in
plankton tows until Jume 23rd when a bottom temperature of 23.3°C.
oscurred; in 1939 a maximm bottom temperature of 27.0°C. occurred
on Juns 29th, before any quantity of larvae appeared, on July Tth;
and in 1940 umbe stage larvae wers found on July léth, preceded
by a maximim bottom temperature of 26.0°C. on July 10th, In 1939
and 1940 tows were taken regularly at intervals of several days
throughout the season over the quahaug beds in Bideford river, and
daily following the first appearance of the larvae and for several
weeks thereafter so that caleulation of the rate of growth might
be sttempted. The last dates on which any quahsug larvae occurred
in the tows were September llth in 1939, and August 29th in 1940,
Reference to the temperature records for these years (figure 6)
shows that spawning ceased at about the time temperature of the

water at the beds fell to about 15°C. after the period of summer

Reference has already been made to collections of small
quahaugs at 50-feet intervals from high water level to low water
level on the shore of Tatamagouchs bay (at E. figure 3) and to
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“he use of the size-frequency distributions (shown in figure 15)
in determining the growth at different positions. The same histo-
grams show the relative abundance of quahaugs at differert levels
of the intertidal zone.

In both 1939 and 1940, the maximum number of specimens of
the previous yearis settlement ocourred near the halftide level,
and none were found as far out as the low watar level. On the
shore of Tatumagouche Bay in this location there is no apparent
difference in the nature of the bottom from half-tide level outward
o the position at which the distribution of small quahaugs ended,
the bottom being fine, firm sand. Therefors the suitability of
bottom for settlement of quahaugs is not likely to ts a factor
limiting their distribution here. Experiments at the Prince Edward
Island Biologioal Station have shown that Quahaugs of all sizes
axhibit o slgnificant horizontal movement, and thers is little
1likelihood of migration towsrd the half-tide level. The only
;#easonable conclusion to be drawn is that the msximum settlemrnt
of both 1938 and 1939 free-swimning larvae ocourred near the half-
tide level. Weymouth (1923) describes a similar distribution of
young Plamo clams at Oceano beach, California; he considers that
tho young are found near the half-tide level in maximum Himbers
because 1t 1s the level at which most of the larvae reach the sand,
but he can offer mo explanation for this ocourrence.

In 1939 and 1940 a few quahaugs have settled on experimental
concretegdoated oyster collectors which were set out at various

distances from the bottom of Bideford river, up to distances of
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8 feet. None have been found settled on collectors within 3 feet
of the bottom, but-some have settled at distances of 3 to 5 feet
abuve bottom. This suggests that the most favourable location
for settlemeat, provided a suitable settling medium is present,
1is somewhere internediste betwaen the bottom and surface of the
water, If settlement ogourred at high tide; the maximum number of
larvae would be expected to settls at about the half-tide level,
where the layer of settling larvae would come in contact with
the bottom. Furtber work 1s necessary to prove this point.

The importent conclusion to be drawn is'that maximmn numbers
of small quebsugs in the year following ‘ettlement ean be sxpected
o oecur near the halfetide level on the intertidal zone, This is
very likely the location where maximum numbers of free=gwimming

larvae have settlag.

osure

1n Bldeford river the distribution of quahsugs in the Inter-
tidal zone 15 limited to the lower levele by exposure.

Quahaugs planted just above half-tide level in 1939 survived
and grew, while just below high water level where there was water
coverage for only a few hours or less esch day the specimens did
not survive fur more than two weeks in the summer (figure 10), and
died in ebout the time specimens of the same size died in air in the
laboratory experiments. (appendix 1) After quahaugs have been
out of water,.there is some lapse of time before the valves reopen
upon covering them with water again, and it is probable that the

specimens at the upper levels never opemed to take in water during
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their brief opportunity to do so. Examination of the specimens
shortly before they died showed that there was little or no

£1uid in the mantle cavity, and the valves were sometimes held
slightly apart by sand grains lodged betwsen their edges. The
maximm temperature recorded above the half-tide level during

the summer of 1939 wag 35°C., and the survival times of quahaugs
held’at this temporature in the laboratory suggest that da.&

14 not Fesult from high temperature,

Evidence of winter killing of small quahaugs in Bideford
river near the Biological Station was obtained in 1940, In
previous years only a few specimens in their second year could
e found by sereeniug the bottom from high water level to beyond
low water level, and these were beside stomes or near the piles
of the landing stage, Following the planting nearby of a large
ted of quahaugs for spawning, more larvae appeared in the water
quring 1939, and in May, 1940, small 1living quahaugs ocourred
with a frequency of about 1 per 2 square fest near low water level,
whore the bottom shelved rather steeply. Between half-tide and
low water level, empty shells of the ssme small size ooccurred
with greater than the above frequency. Such winter killing was
probably associsted with ice, which breaks up into large cakes
at these depths, moves up and down, scrapes against the bottom,
re at the

and often picks up and encloses such objects as oy:
surface of the bottom, unless they are protected by large stones

nsarby.
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Therefore, the number of small quahaugs on the shore of
Bideford river can be increased by provision of additional stock
for spawning, but survival beyond the first winter should nos

be expected at depths above low water level.

Bel gr

Observations made in the Basin, Malagash, N.S., in 1939 have
indicated the importance of esl grass to the survival of small
quahaugs in very soft mddy bottem.

In the period May 31 to June 2, & carsful search was made of
the very soft bottom along the edge of the channel at position
C, (figure 3), Large quahsugs, 6 em. long snd larger, were very
atundant but smaller sizes were entirely absent between the channel
and the half-tide level. Examination of the shell rings showed
that all the specimens were at least 8 years old, and in a collect-
ifon of 75 speoimens the oldest was 17 years. Representatives of
later age classes from 2 years of age upward were found several
hundred yards eastward at D, along the shore of Clarke's point.
These were scattered through rather dense patches of mussels on
hard bottom near the half-tide level, and were attached to the
mussels by the byssi of the latter. Thus the absence of young
quahaugs in the soft bottom at C was not due to failure to spawn
in recent years.

Bel grass was very abundant in the Basin at Malagash before
1931-1552, according to local residents, but in those years it
ai almost completely. Its di is aiscussed

by Dr. Buntsman (1932) and the opinion expressed that the disease
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was probably in Virginian waters in 1930, being responsible for
scaroity of eel grass there in 1931, then spread northward,
effecting eel grass as far as Cape Breton island and Northumberland
strait in the latter part of 1931, In 1932 it caused great scarcity
of sel grass on the north shore of Prince Edward Island and up
the cast coast of New Brunswick, an unusual circulation of water
bringing in tropical'forms to our coast may have been respomsible,
and the exact mature of the disease 1s unknown, Small quauahgs
upon settling out of the water at the end of their free-swimming
larval period have the ability to produce a single-thread byssus
from a byssal gland located in the foot, The use of the byssus
1s evidently to emable the small clam to survive for a year or
two until it becomes large emough to maintaln 1ts position by the
foot along. The largest quahaug found with visible byssuf was
E.B mm. long and the byssus was between 10 and 15 mm. long, and
&y elastic, Such a.quahaug will hang suspended by the byssus, or
if the byssus 1s firmly sttached to stones and the quahaug is
pulled sbout 5 mm, away from 1ts position on the bottom, the
quubaug will return to mear its original position when released.
It 1s very probable that the large quahaugs now living in
the soft bottom at Malagash survived after settlement by att-
aching themselves to the eel grass which was then sbundant, In
1939 small speeimens, 5 mm. lomg, were left on sand on the
bottom of finger bowls in the laboratory and later they wers

found hanging several millimetres above the bottom from their

-
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byssi, which were attached to the glass above them, On August
19th, 1940, the ability of small newly-settled quahaugs to climb
up & surface above bottom was observed. A new larva-rearing jar
floating on the surface of the water had been designed to hold
bivalve larvee just below the water sarface, and quahaug larvae
of settling-out s1ze had Veen picked from plankten tows and placed
inside the jar. Two days later a specimen ¥e5 mm. long was seen
elinging to the glass st & distunce of one inch above the bottom,
and from here it climbed another half inch. In climbing, the foot
oxtended and attached to the glass, then the foot contracted and
the body was drawn to a new position. The quahaug then descended
Uy falling fres for about one-thind inch und eodilng to an adrupt
stop against the side of the jar, when it began to descend more
slowly. Although it was not possible to see a byssus thread, one
mast have been present to check the fall in this way. lio pub-
lished observations on the climbing of small quahaugs above the
bottom have been found. Belding (1912) describes the settlement
of larvae on surfaces above bottom but nothing is sald about
olimbing upward after settlement, a point which has considerable
importance in that it should alléw the small specimens o raise
themselves clear of silt, provided a supporting surface is near,
Observations on the cocurrence of small quahaugs of the
1939 set were made on July 5th, 1940, between half-tide level and
low water level on the south shore of Bideford river near 2007

(figure 2). The river bottom here eoasists of fine sand which can
between five and ten

be screened easily. Patches of eel gr:
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feet in diameter, were scattered over the bottom, with clean
bottom intervening, To compare the distribution of small quahaugs
on clean and grassy bottom, equal areas of bottom were shovelled
o a depth of 2 inches in situations at the same level, Each

sample of 10 shovelsful contained the following numbers:of quahaugs:

sample Glean Bottom Bottom covered with sel grass
1 o 3
2 3 4
5 2 8
i 4 10
5 2 7
Total: 28 sq.feet area 12 32

The number of small quahaugs taken on bottom covered with

1 grass was in every case greater than the number taken on the
clean bottom nearby. Thus even on a sandy bottom the presence
of eel grass favours the survival of small quahaugs, likely by

providing support for attachment of their byssi.

Storms.

Ou Hovember 25th,1938, a very heavy storm oceurred on the
Atlantic coast. In the Mslpeque bay area a very strong east
wind was aceompanied by an unusually high tide, resulting in
considerable disturbance of the bottom in the intertidal zome,

In some places the shore line of Bideford river was moved back
seve

ral feet by wave action,

Examination in May 1939 of quahaug beds established in 1938
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along « line running y from the 1 station,
showed that the beds in the intertidal zome were disarranged snd
many of the specimens dead., Many specimens were buried under sand
up to depths of 6 inches; thdge were all dead and rotting meats
were still present in some. Other shells were at the surface

and shreds of meat were attuched to some of these also. Reking
the bottom at one position near the halfetide level, where 23
specimens had been planted on July llth, 1938, produced 12 speci-
mens, 6 of which were alive. There was no appreciable disturbance
of the beds from just beyond the low water level outward,

Exploration of the intertidsl zone at 2007, just west of
Port Hill wharf, at low tide on May 24th, 1937, showed the empty
shells of large mumbers of quahaugs, oysters, ragor-clame and
other molluses, scattered over the bottom, There was no abundance
of empty shells thers in September 1938; they all had a fresh
appearance, and it was evident that they had died recently, and
as a result of the upturning of the bottom in November, 1938,

On September 16th, 1939, a heavy storm ocourred, with wind
sstimated to be as strong as in November 1938, However, Lhs tide
41d not rise muok wbove ordinary high water merk, and the wind
changed direction before any significant damage was done to
quahaugs in the intertidal zone. The only damage was to specimens
held on floating trays.

Experiments have shown that quahaugs can regain the surface
after burial to several inches,and during the summer, when temp=
eratures are high mot mich mortality as a result of storms night
be expected. During colder weather, when they are hibernating,
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as in November of 1938, it is very unlikely that quahaugs could
regaln the surface if buried, and smothering was probably the
cause of many of the deaths observed. Or, other specimens may
have been left on the surface of the intertidal zone to be picked
up by the ice which forms large cakes along Bideford river, and
killed by low temperature, as diseussed above.

Jovement .

Several experiments were set up in 1939 to determine to
what extent the distrilution ani the survival of quahaugs might
be affected by their letersl and vertical movement.

(&) Lateral movement.
1, 0n July 27th, 1939, groups of quahaugs from three size

classes, small (15-29 mm. 4gight), Mediuu (42~50 mm. height) and

large (53-74 mn. height) were noteched characteristically and set
out on the bottom at definite positioms in relation to stakes on
the shore of Bideford river west of 2003. an interval of one
foot was left between each specimen, and two series wers set up,
one just cutside half-tide level on hard sand, the other at low
water level on sandy mud, each series consisting of three speci-
mens fron each size class.

At both levels a group of sever small speciiisms (height 26-
30 m,) were planted as close together as possible at marked posit-
ions.

Recovery of the specimens was attempted on Ssptember 27th
at low tide, and most of them were found. All the large specimens
we

found at the same spot as planted except one at the inner
position, which had moved away 3 inches. Of tho medium sizes ome

could not be found at the inner position and others here had not
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moved; at the outer position all wers foufid, and only one had
moved, a distance of 2 inches. Only one of the small siges was
located at the inner position and it was 2} inches away from its
original location, while at the outer position, two of the three
specimens were found, one having moved 4 inches, the other 2
inches.

0f the crowded specimens five were located at the lmner
position, at distance of 3, 5, 12, 12 and 13 inches from the
centre of planting, Six of the speeimens crowded at the outer
‘pesition were located, at distances of 1, 2, 5, 6, 7, and 15
inches from the centre of planting.

As only a very short time was available for the search, the
failure to recover all the specimens is probably due to all the
bottom surrounding the centre of planting not being covered.
Searching the bottom at the outer position was easier than at
the inner position because the bottom mear low water level is
softer.

14: On July 31st, an experiment to determine the movement
of quahaugs in very soft bottom and in moderately soft bottom was
set up in Paugh's creek at B (figure 2), 200 specimens, (22-82 mm.)
characteristically notched, were dropped to the bottom between
stakes near the middle of the creek where the bottom is very soft
and muddy. A similar lot was dropped to the moderately soft
bottom about half way to shore. On September 25th and 26th, Mr.
Colin Hutchinson dragged for the speoimens and obtained 184 at

the outer location and 170 at the inner. Going over the botom

at the two plac on the following day, the numbers were:raised

to 195 at the outer and 185 at the inner position.
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The quahsug at the inner position were very closely bunched,
while those at the outer position were scattered more, but were
inside an area of not moro than 8 square feet. The greater
spreading was probably due, at least in part, %o the quahaugs
falling through a much greater depth of water at the outer posit-
ion when they were put out.

From these experiments and from the fact that specimens
planted in numerous beds in 1939 and 1940 have shown no appreci-
able movement throughout the growirg season, it may be concluded
‘e of hardness

that quahauge in beds with bottoms of any d
exhibit no significant latersl movement.,
Ib) Yertical movement.

1. on July 27¢h, 1939, quansugs from the same three size

classes as in experiment (a) i above were buried at depths of

1 inch, 2 inches, 5 inches and 7 inches just outside the half=
tide level, west of 2003, Four small, three medium and 2 large
specimens were buried at each depth.

After 24 hours all the specimens had reached the surface.
Such ability to regain the surface quickly following burial
could be lmportant if qushaugs were covered by shifting of the
bottom during storms, provided low spring or autumn temperatures
were not prevailing, wher the quahaugs would be inactive.

11, Small quahsugs, averaging 5 mm, in length, were buried
to depths of 1}, % and 1/8 inchee in fine sand in a battery¥ar,
through which sea water was running, in the laboratory, at 10
4., July 28, 1939, By 2.45 p.m. all (3) were at the surface
from burial to depths of } and 1/8 inches, and 1 of 6 buried to
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a depth of 1} inches had reached the surfa

By 3.10 p.

more of the last lot were at the surface, and by 9.30 p.m., a}}
had reached the surface. The positions of the various quahaugs
were marked by wire pointers from above, After four days there
had been no lateral movement of any specimens.

iii. 2 small, 5 mm. long, quahsugs were placed at the bottom
of test tubes and covered with (a) soft mud and (b) fine sand, to
& depth of 3 inches. The test tubes were placed upright in a
battery jar through which sea water was oirculsting, at 4 p.m.,
July 29, 1939. At 7 p.m.,l specimen in (a) had risen 2 1/8 inches,
the other 1 1/4 inches. Neither specimen in (b) could be seen.

At 8.30 a.m.,July 30, 1 was 2 5/8 inches from the bottom in (a),
and 1 was at the surface in (b). At 7 pem, both were at the sur-
face in (a), only one was up in (b); the other was dead at the
bottom in (b).

These experiments show that even small quahaugs, 5 mu. in
length, may regain the surface within 24 hours when buried to a
depth of several inches.

Predators.

The gastropod, Polini o0s say, is the only enemy of the

quahaug found during the imwestigation. It was first discovered
on the bars in the Basin at Malpeque in 1938, with drilled and

empty quahsug shells nearby. In the following year quahaugs were
found being drilled and large colleotions of drilled shells were
made. The size of clams that can be attacked successfully by any

appears to be limited, due to the methed of attachment

Polini



L

of the predator by curling the edges of its large foot around
the valves of the quahaug, when the radula is near the umbo of
the latter. In 99% of the drilled shells examined, the bevelled
hole has been mear the umbo. In the Malagash area Polinices,
larger than 63.0 mu, in height have never been found, and the
largest quahaug ever found drilled was 54.0 mm, in length, In
1939, 5 large (height 47.5-56,0 mm.) and 5 small (height 37.0-41,1
mm.) Polinices were caged in the Basin, by Mr. J.R. Adams, with

15 specimens of Ve

mercenaria of various sizes. At the end of
two weeks the five smallest quahaugs with heights, 25,7 = 33.6
mm. had been drilled but 10 larger specimens, 46.0 to 69.0 mm,
in helght, were still alive.

Drilling by olinices heros has been found to be largely
responsible for the absence of small quabaugs in the Basin, at
Malagash, and on the shore of Tatamagouche bay, In August, 1939,
screening the bottom on the west shore of Tatamagouche bay showed
quahsugs spawned in 1938 to be distributed on an average of 5
per square foot near the half-tide level where maximum mumbers
ocourred (figure 15). On September 21st, 1939, a collection &%
the same location showed that many of the 1938 quahaugs had been
drilled. On May 22, 1940, extensive screening at the same position
showed the complete absence of living 1938 stock, but large
numbers of drilled shells of this size-class were found washed
up along the high water mark. Small quahaugs spawned in 1939
were found in screenings on September 6, 1940, but the number of
1iving specimens was very small, while the number drilled was
high as shown in figure 15.
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The size-frequency distributions of both the drilled and living
1939 set of quahaugs at the various positions have been determined
by measurement of the first growth ring and the final size. A
similar distribution on the shore to that found for the 1938 set
in 1939 was found, with maximum numbers ocourring at positions
between 500 and 750 feet from high water mark, or just beyond

the half-tide level, Small quahaugs were found higher up on the
beach than in 1939, and these had all survived, when not more than
150 feet from high water mark. The bottom was hard sand and gravel

were found.

here and no Polini
The failure of sets of quahaugs to survive in recent years

in the Tatamagouche bay area can be attributed to drilling of
almost all small quahaugs by Polinices heros. Over 80% of all

dead quahaugs collected were drilled.
does not occur in

In the Malpeque bay area, Polinices heros
very large numbers in places where quahsugs occur. Very large
-peuu-u'.‘mu been found near the gulf of St. Lawrence, and large
nunbers of other species of molluses have been found drilled and
washed up along the high water mark here. Occasional specimens of
Polinices heros have been found at D (figure 2), but only a very
mall number of small quaheugs have been found drilled here, No
quahaugs were drilled in any of the experimental plots near the
Biological Station until 1940, when three in ome bed ware killed

in this way.

Disease.
No direct observations were made on supposedly diseased qua=
numbers of shells of

haugs until 3, 1940,when
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small quahaugs in their fourth and fifth years were found at the
surface of the bottom of Enmore river, P.E.I. (figure 1). Along
with the empty shells were some living quahaugs similarly situated
at the surface, and one specimen, just dying, was found, with the
sligltly agape and emitting an unpleasant odour.

valve
A collection of 193 empty shells was made in an area of several

hundred square yards. Their lengths ranged from 14.8 te 36.4 mm.,
and the growth of shell in 1940 was very little in comparieon with
growth in previous years, For example, from the start of the 1940
on until September 3rd, when most of the seasons growth

erowing s
1s completed, the smaller specimens had grown an average 0,5 mm.
in height as compared to 9.0 mm. in the 1939 growing season. The
larger speoimens had grown about 2.0 mm. in height, as compared

%0 9.0 mn. in the previous year.
Six living specimens exhibited the same slight growth in 1940.

They ranged in length from 25.7 to 31.0 mm. in length, and their
growth in 1940 varied between 0.5 and 3.0 mm. &s compared to in=
orease in height of 6.8 to 9.7 mm. in 1939. One specimen in weak-
ened condition and obviously dying was found, It was 26 mm, long,

and showed only 0.9 mm. growth in 1940,
Examination of the meats of the 6 living specimens failed to
show any unusual characteristics sometimes reported in supposedly

such as spots or unusual colouration. Slow

diseased bivalve
growth during the season preceding death of oysters by disease

has been observed by Dr. a.B. Needler, and the death of quahaugs
following very slow growth was also very likely a result of disease..
Disease in,gysters has ocourred during the past several years in
Eamore river, while there has been no indication of its presence.
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on the north shore of Prince Edward Island, in the Malpeque bay
area since 1916,

Disease in quahaugs in Nova Scotia was reported in 1940 by
Mr. Roy Weatherble, who operates a cannery at Brule Point on Amet
sound. He described the opening of the valves and the apparent
death of quahaugs which had been piled ou the beach after fishing
and left for several hours in sunlight before being taken into the
cannery. This was thought to be a result of disease, which he sald
caused oonsiderable numbers of dead and dying quahaugs to occur
from time to time in localized areas.

Piles of quahaugs have been léft near shore in Bideford river
for days, during the hottest pert of the summer in 1939 and 1940,
and no mortality has resulted. However, experiments wers preforied
at the Biological Station at the end of the summer in 1940 to
determine the effect od quahaugs of exposure to the sun and air.
Experiment 1.

On August 29th, 50 quahaugs of various sizes were placed in-
side an insulated box, open at the top, and situated to receive
direct 1light of the sun throughout the afternoon, BY 2.40 p.m.,

a temperature of 81°F. was read on a thremometer placed beside the
specimens. After thres days in the box all the specimens were
alive, tut on August 30th and 3lst the sky was partly cloudy and
high temperatures were not reached.

Experiment 2.

The insulated box was provided with a glass cover, and 100
quahaugs of medium and large size fished in Bideford Tiver, were
placed inside on September 2nd. The specimens were piled about
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ten deep, and a maximm and minimum thermometer was placed beside
the specimens in the upper layer. The maximum thmperatures recorded
in the box over several days, with the sky conditions at midday

were as follows:

Date Meximm temperature reached Sky

Septe 20 106°F. Clear
21 18 Clear
22 66 Dull
23 108 Clear
2 18 Clear

None of the specimens died. Several on the surface were open 1 to
2 mn. when the temperature was high and they lost a few drops of
shell liguor at this time. In the evening, when the temperature
fell, all specimens closed tightly.

The experiment shows that very high temperatares can be
survived by quahaugs from Bideford river, sven when exposed to
the air. It would appear that the quahaugs which dled at Brule
Point, were suffering from some unusual condltion, possibly the
so-called "disease", the mature of which is not known.

In 1914, large numbers of guahaugs, supposed to be suffering
from disease, dled in shipment from Buctouche, N.B. to Chicago.
The greatest losses, amounting to from 13 to 60% of shipments
ranging from 15,000 to 65,000 specimens, occurred from Jume 10th
%o July 8th. An investigatlon of the causes of deati wa attempted
by Dr. Phillip Cox (1916), who was unable, by microscoplc examin-
ation of the fluld and organs of mafy specimens, to find any
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trace of disease due to pathologioal causes, Several experiments
suggested that the losses could be accounted for by the mammer of
storing quahaugs before and during shipment, when there was little
consideration given to crowding and temperature varistion.

In the 1izht of later evidence of disea:

in quahaugs, it
appears probable that the clams referred to by Cox wers suffering
from a weakened condition, which he seemsd to doubt, making them
unusually susceptible to crowding and temperature variations.

Rate of Growth

Before June 1st, 1939, collections of lu0 quahaugs wers made
in Paugh?
Hill wharf (E, figure 2). Measurements were taken with vernier

creek (B, figure 2) and in Bideford river near Port

calipers of the height of the shell to the end of each yearts
growth, beginning at the

cond year, and these ha

been grouped
into ola

of 2 mm. height range. Height-frequency polygons
have been constructed to show the distribution of size at the

end of each year. These polygons have been plotted along the
ordinates corresponding to the varicus years, and when the medians
of each distribution are joined, the .5--:::; relationships at
each location are obtained, as shown in figure 17,

Plotting the data in this manner shows the variation in
height at the end of each year, and the range of time within
which quahaugs may be expected to reach a particular size can be
readily seen. For example, to determine the time required to
Teach marketable size, a line has been drawn at the height corres-
ponding to the minimum marketable length of 1% inches (determined
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from the height-length relationship, figure 18). It is then clear
that at Port Hill whasf, quahsugs reach marketable size in from 4
to 7 years, while in Paugh's creek 6 to 9 years are required to
sttain the same size.

The growth rate of quahaugs is slow as compared to that of
oysters, which can reach marketable length of 3} inches in 3 or
4 years. This difference in growth rate has not been appreciated
by oyster and quaheug fishermen, and is prdbably the reason fgr
the severe overfishing of quahaugs which has oscurred in the past.
This will be disoussed further in the following section.

Rate of Removal

There have been two sources of information on the extent of
quahaug fishing in the past and its effect on the survival of
quahaugs; first, yearly statistics and reports of fishery office)

published by the government of Canada, and second, quabaug fishermen
and fishery officers who have been interviewed.

(a) Pishery Statistics and feports.

Usually a complete history of the fishery of eny commercially-
important species can be obtained from the Annual Fishery Statistics
published by the Canadian government, but this has not been possible
in the case of the quahaug. Probably because the value of both the
softeshell clam (Mya arenaria) and the quahaug fisheries have been
low for considerable periods of time, the catches of both species
have been combined frequently. Since 1935, separate listings have
been given for quahaugs in each province, but before this time
catches of quahaugs were always combined with clam catches in
Nova Scotia, and separate catches of quahaugs in New Brunswick
were listed only from 1911 to 1914. Fortunately, more complete
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data have been given for Prince Bdward Island, where quahaugs were
1listed separately from 1905 until 1914. This interval evidently
covers the only time when quahaugs have been fished intensively on
Prince Edward Island, as previous to 1905 the combined figures for
clams and quahaugs were low, fluctusting around 1000 barrels per
year, and after 1914 there was little fishing.

The total annual catches of quahsugs in Prince Edward Island
and the annual catches in the Malpeque bay area along are shown
graphically in figure 16. The percentage of the total Prince
Baward Island catoh coming from the Malpeque bay area increased
fren 24% in 1906 to 49% in 1907, and 1913 it had reached 92%
of the total catch. Thus the relative importance of the Malpeque
bay fishery was large during the boom years, and a consideration
of this area along should be sufficient to show what significant
conditions existed in general.

Tho grast increase in the catch of quahsugs in 1906 and 1907
was a result of a market opening in the United States, according
to the report of Inspector Matheson of District No.2, Prince Edward
Island, in }906. The marketed value of quahaugs from all Prince

Bdward Island in these two years is lisfed at $95,424.00 and
$96,572.00 respectively. The catoh fell off very considerabdly
in 1908 and Inspector Matheson suggested that “"this industry is

becoming exhausted". The slight increase in 1909 was atrributed

to greater activity of fishermen, and he warned that "in a very

short time quahsug fishing will be a thing of the past". In 1911,
following the peak of 1910, Inspector Matheson reported that "the
qQuahaugs are getting scarce and being fished out". "Fishermen can
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scarcely meke a fair day's wage at the work. Our American nelgh-
bours are importing quahmugs for the purpose of cultivation of
thelr own waters and our public beds are becoming depleted.”

This fmportatlon of quahsugs into the United States was
referred to by Lelding (1912) waen he sugzested that small quahsugs
could be ohtalned from Prince Siward Island to stock areas in
Massachusetts, where a set did not ocour naturally, In another
instance he wrote "st the present time (1912) a considerable
number of small quahsugs of peouliar coler, shape and flavour
are shipped from Prince Edward Islend".

Following another inerease in fishing in 1913, the ocateh
was extremely low in 1914, This was attributed by D. Morrison,

a new fishery inspector, to the market valus being low. There
oan be no dombt, however, considering the slow growth of the

qushaug, aud the fact that the smaller sizes were most desired
and orought better prices, that overfishing bad, by 1914, re-

duced the quahaug populations on the beds to a vexy low ebb.

(b) Personal interviews.
Interviews with quahaug fishermen and fishery officers on

the past histor; of quahsug fishing in the Malpeque bay areas

are outlined in appendix 3. The description by Mr. Colin

of the large numbers obtained daily by numerous expert fishermen

who knew nothing about the rate of growth and age of their catches,

is enlightening, It corroborates the report of cverfishing made

by Inspector Matheson in the government reports referred to above.
It may be comeluded that the marked reduction in abundance of

quahaugs in the Malpeque bay area around 1912, was largely due to
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the rate of removal being too rapid, and in excess of the rate
of production and.rate of growth of quahsugs.
Breeding .0ck,

For the rate of produetion of quahaugs to keep pace with
the rate of removal of fishing, predators and other causes, it
is importent that an sdequate supply of breeding stock be avall
able. While the number of eggs and sperms produced by one individ-
ual may be enormous, as can readily be seen by examination of the
gonads of ripe specimens, successful fertilization of only a small

proportion of the eggs can be expected. Also, the young quahaugs

must lead & 1 during the period
when they are members of the plankton.

Careful searching of the bottom of Bideford river for small
quahaugs in 1938 showed that they were very scarce everywhere but
near Port Hill wharf (E. figure 2), where specimens in their second
year of life were distributed near the half-tide level, with a
frequency of about 1 per square foot. Nearby, large quahaugs were
more abundant then at any other place in the river. Uperiver,near
the Biological Station, large quahaugs were scarce, but small numbers
of larves were ldentified in the 1938 plankton tows.

In May 1939, a bed of several hiindred medium to large sized
quahaugs was planted just beyond low water level east of the land=
ing stage of the Biological Station, During the summer, plankton
tows were taken regularly over this bed, and a great increase was
observed in the number of quahaug larvae over the number present

in 1§38, Screening the nearby bottom in May, 1940, showed that
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small 1iving quahaugs were distributed near the lew water level
with a frequenoy estimated at 1 per square foot, while inshore,
as described above, many empty shells of the same ageselass were
found. In the two previous years no dedd small quahaugs were ever
found near Bhis location, only two small quahaugs in their second
year of life were found in 1938 after extensive scrcojing along
several hundred yards of shors.

Reference has been gade (p.3) to the spawiding of Venus mer-
cenaria at Milford, Conn,,as males during the first season of
growth and as either sex, beginning in the second season (Loosanoff
1957A;
Loosanoff found that it was mecessary to examine seriel sections

To determine accurately the onset of

xuel maturity,

of hundreds of small quahaugs.
Wnile 1t has been impossible as yet to make sueh intensive
nistoligical studies on Bideford river quahaugs, several obser-
vations in 1940 have indicated that quahaugs also mature at an
early age in Canadian waters. At monthly intervals, collections of
small quahaugs were made near Port Hill wharf (E. figure 2), and
smears of the body tissus in the region of the gonad were examined
m¥oroscopioally. On July 15th, active spermatozoa were found in
several sgeoimens vhich were in the second year, but ova could not
be identified with certainty in any specimens. Mowever, smears
from quahaugs in their third year and older, showed either ova
(apparently mature) or active spermatozoa, and there seemed to be
equal numbers of male and female quahaugs. Thercfore, quahaugs
in Bideford river can reach maturity at least by the third year,

and males may mature in their second year.
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It may be consluded that the present distribution of quahaugs
in Bideford river is limited to a great extent by scarcity of breed-
ing stook. Owing to the eurly age at which quahsugs reach Sgxual
maturity this scareity should be quickly overcome, if increased

numbers of smal’. stock gould once be estzblished.

SUMMARY

Studles of Venus mercenaria have been made in Bideford river,
P.E.I. and Tatamagouche bay, N.S., locations which are typical of
quahaug-producing areas in Canada.

It has been proved that the age of quahaugs can be determined
by counting growth rings, and the rate of growth can be caloulated
by measurement of the shell height to the edge of yearly rings.

By this method the growth rate of quahaugs from differeut losalities
can be compared.

To determine the sffect of various environmental fecturs on
the growth of qushaugs in a partioular location, speeial methods
of holding samples in beds and trays have beer developed.

There is no evidence that salinity limits the growth of
quahaugs throughout Bideford river beds. Following spring thaws
and sutum rains, marked vairations in salinity may oocur between
the head of tide and the emtrance of the river into Malpeque bay,
‘but during the greater part of the growing season fluctumations
in salinity throughout Bideford river are usually slight. Salinitier
in the Tatamagouehs bay area are very similar to those in Bideford

river.
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The growing season of quehaugs in Bideford river ls short,
being delimited by a‘mifiimm bottom temperature of about 10°C,
Generally there 1s no growth before June lst, and little, if
any, ocours after September 15th. In the Tatamagouche baj area,
the growing season is of similar duration, the temperatures being
parallel to those in Bideford river. The growth rate during the
growing season is not controlled by temperature alone.

Light has been shown to have no significant effect on the
growth rate or shape of quahaugs.

In Bideford river the area suitable for good growth of qua-
haugs above low water level is very small, This is a result of
small tidal amplitude (averaging about 3 feet) and prolonged
oxposures of the narrow intertidal zome at low gpring tides. In
Tatemagouche bay the tidal amplitude averages about 8 feet, ex-
posures at low spring tides are mich shorter than in Bideford
river, and good growth can ocour over wide areas of the extensive
intertidal zone.

Observations in Bideford river have indicated that growth
beyond low water level is mot influenced by the depth of water
over quahaugs, up to 10 feet.

e Eal ot Bobion'ta wiiah feaangs ware fouit hnetol EEiC
fioant effect on their rate of growth.

The growth rate is muoh reduced whers eel grass occurs onm
the quahaug beds, and appreclably reduced by eel grass near but
not actuslly on the beds. However, ael grass may favour the settle-
ment of the yaung.
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The growth rate is proportional to the amount of water oir-
culation over the beds. Water circulation is probably the most
important factor determining the more rapid growth in downriver
locations than in locations near the head of tide in Bideford river.

Crowding of quahaugs when they are planted in beds in Bide-
ford river does not influence their growth rate, but quahaugs
which have been crowded into wire containers and held above bottom,
grow very little.

In Bideford river there is no significant limiting of the
distribution of settled quahaugs by salinity and temperature, and
they may ocour to within a few hundred yards of the head of tide
in the inlets, Laboratory experiments have shown that quahaugs
can survive exposure to sea water of lowered salinity and even to
fresh water for days at ordinary summer temperatures. The highest
temperature recorded during 1939 and 1940 in the intertidal zone
of Bideford river was 35°C. in August 1939, mnd quahsugs survived
this temperature in the laboratory for at least eight hours in
fresh water and for twenty-five hours in sea water, The maximum
temperature that quahaugs of various sizes gan eurvive, when
subjected to temperature increase at the rate of 1 to 13°C.
per hour, is between 39.5 and 40.0°C.

Larger sizes are affected by high temperature sooner than
smaller sizes, while the smaller sizes appear to be affected by
lowered mlinity sooner than larger sizes. Qushaugs survived high

temperatures in inoreased salinity as well as in ordinary sea water.
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The distribution of small quahaugs, as shown by observations on
the shore of Tatamagouche bay, appears to be determined by the
location of settlement of the larvas. A few occur just below

high water level, and the number incgeases to a maximum near
half-tide level; further out, there is a sudden falling off in

the abundance of small quahaugs, and none have been found as

far out as low water level.

The genmeral distribution of quahaugs is limited by the
temperature which mist be reached before spawning will occur.

In 1938, 1939 and 1940, spawning did not begin in Bideford river
until a temperature of at least 23°C. had been reached. Spawning
continued until about September lst, as a gradual process.

On the shore of Tatamagouche bay, exposure appears to have
no importance in limiting the distribution of small quahaugs,after
they have settled, since there was no evidence of mortality, except
as a result of drilling, in collections made to within 100 feet
of high water level.

In Bideford river, while quahaugs can survive exposure to
air in sunmer forht least 0% of the time, and thus inhabit the
intertidal zone from low water to above the half-tide level,
their survival over the winter is hazardous, in any part of the
intertidal zone.

Evidence has been ohtained that the presence of eel grass
favours the establishment and survival of young quahsugs on very
soft bottom following settlement.

Storms of unusual intensity, during cold weather, may result
in the death of many quahaugs in the intertidal zome, This is pro-
bably a result of the quahaugs being in the hibernating condition
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and unable to regain the surface if they have been buried, or to
bury themselves if they have been exposed.

During Warm weather, quahaugs can regain the surface if they
are buried to a depth of

eral inches below their mormal posit-
ion in the bottom, but they are very inactive insofar as horizontal
movement is concerned. It is very improbable that the distribution
of quahaugs could be influenced by migration,

Very high mortality of small quahaugs on the shore of Tata-
magouche bay results from drilling by Polinices Beros, the only
predator found here. In one location all the 1939 settlement at
the position of maximum settlement was killed by drilling, and
only those on hard bottom mear high water level survived until
September, 1940, At the present time there is no serious loss
of quahaugs in Bideford river as a result of drilling, although

Polinices heros occurs in downriver locations.

Disease among quahaugs has been reported frequently, For
example, large numbers of quahsugs died, in Malpeque bay, apparently
a8 a result of the disease, in 1915, In 1940, disease was reported
in Nova Scotia. Also in 1940, collections of quahaugs, appareltly

diseased, were made in Percival river, P.E.I. There have been no

reports of quahaugs suffering from dis
Malpeque bay since 1915.

The rate of growth of quahaugs is slow, 5 or 6 years being
required for the minimum marketable length of 1§ inoh

in Bideford river and

to be
reached in most favourable locations. This slow growth was not
appreciated in the past, and a marked reduction around 1912 in
the abundance of quahaugs in many areas can be attributed to the

rate of removal by fishermen being in exc

of the rate of pro-
Quotion
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duction and growth.

Observation of increased numbers of small quahaugs in Bideford
river, following the provision of increased numbers of large speci-
mens nearby, has indicated that the present distribution of quahaugs

is linited to a considerable extent by the scarcity of breeding stock.
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Appendix 1.
TEMPERATURE' AND SALINITY SURVIVAL EXPERIMENTS

conduetad

During the sumer of 1939 several experiments we
at the P.E.I. Biolosical Station with the purpose of d@bermining
the effsct of varying temperature and salinity on survival of qua-
haugs of different sizes. Small quehaugs in their second year of

3
growth were obtained for the experiments at Malagash, N.S., &nd
bottom at Ellerslie until ready

held in finger bowls on the
for use. Medium and large sizes wers obtained at Ellerslie and

held on the soa bottom in crates until needed. Three constant
temperatures cabinets, each consisting of a well-insulated box with
& tray of galvanized ifon, supported inside so that free ciyoulation
eould oeeur around it, were available for the experiments. Finger
bowls or other containers for specimens were placed in the tray

and surroundsd by water. The temperature of the cabinet was main-
talned by an electric light bulb, controlled by & thermostat, the
bulb belng situated at ome side of the cabinet and separated from
the water tray by an air space and screen of corrugated paper,

Expeidiient 1. To deternine the survivel times of large, medium,and
a water and dilutions of sea water to fresh

small quahaugs, in
water, and in air, at three different temperatures, 20°C,,30°C.,
and 40°C.

Snall quahaugs ranging in length from 71 to 92 mm., medium
sizes 31 to 3¢ mm, long and large quahaugs 58 to 64 mm. long, which
had been held on the sea bottom at temperatures of 21 to 2280, wers

used.
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On August 4th, sets of specimens consisting of one from eagh
size class were placed in finger bowls containing 210 cc. sea water,
2/3 sea water, 1/3 sea water and fresh water, in thermostats at 20,
30, and 40°C. One set was exposed to the air in each temperature
cabinet, The fresh water was obtained from the well at the Biological
Station, and this was used in making up the dilutions of sea water.
Observations on the condition of the specimens were made at inter-

vals. The criterion for death wi

opening of the shell valves and

feilure to remain closed whea pres

d together. The chermostate
were kept in different parts of the Blologieal Station to facilitate

the maintenance of the various temperatures; the 40°C. cabinet being

in the upstairs laboratory, the 30°C. cabinet in the basement, and
the 20°C. cabinet in the sub-basement. So situated, the tenpergtures
of each cabinet remained constant to within one degree C. Wiere
specinens contimued to 1ive after seveval days, the water in the
finges bowls was changed at intervals of four or five days.

The survival times observed are as follows:

Sea water L. Alive after 12 days Less than 80 min.
90 days

M. . 15 <8 -

8. . 438 3 to 6 hours
2/3 sea L. - . Less than 80 min.
water M. " 28 "

8. i Alive after 54 days 1% to 3 hrs.
1/3 sea B 39 days 10 days Less than 80 min.
water M. 20 days 1 » o

8. 10 ; 14 to 3 hrs,
Fresh Le 3 = - Less than 80 min.
water W 390 0 -

s. 9= 8 =
Alr La: a8 12 »

M. 13. »

. Alive after 26 hrs.
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Experdlent 2. To deternine the maximum temperature that can be
survived by quahaugs in sea water, sea water.diluted with fresh
water, and fresh water alond, followlng a temperature rise of 1
to 1#°C. per hour above %he temperature on the sea bottom.
(a) Preliminary experiment.

On August 13th,1940, 5 small (length 4e5 mm.} and 1 larger
(length 10 mm.) quahaugs were placed in each of 4 finger bowls

containing sea water, 2/3 sea water, 1/3 sea water and fresh water,
in a thermostat cebinet. The salinity of the sea water was 28,6
per mille. From an initial temperature of 22°C. to 23°C. at the
sea bottom, the temperature of the solutions surrounding the
spooimens was raised at the rate of 1 to 13°Q.per Hour.

The temperature of the water in the fingerbowls was 25.0°0,
at 9.30 a.u, when the experiment was sbarted. By 8,50 p.m. the
temperature wes 39.5°C, and from § pemis t0 9425 D.m. 2 temperature
of 39,6°C. was maintained. At this time many specimens iu all the
finger bowls were open slightly, and those whioh were closed could
‘be pulled apart easily, for a short distance. The heating bulb
was turned off and the specimens were allowsd to cool. At 10,40 p.
running sea water was directed through the bowls.

At 10 a.m. August 14th all the specimens held in fresh water
during the experiment were dead, 2 small ones in the 1/3 sea water
bowl were closed and resisted opening, and the rest were dead. All
in the 2/3 sea water bowl wore dead, and 3 small ones in the sea
bowl were closed and resisted opening. Sea water was left running

over the closed specimen:

On August 15th the only closed specimens were two in the sea
water bowl. These were placed in a dish of sea water with an
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inch of sand over the bottom. On August 15th one of the quahaugs
had buried itself, while the other was still on the surface of
the sand, but its valves were slightly apart and the siphons were
extended. These were drawn in and the valves closed when touched.
(b) Repetition with more specimens.

On September 15th, 25 small (length 4=5 mm.) and 5 medium
sized (length 20-25 yy.) quahaugs were placed in each of 4 finger

bowls containing

water, 2/3

water, 1/3 sea water and fresh
water as before. The salinity of the sea water was 28,8 parts per
mille. The temperature was raised at the rate of 1 to 13°C. from
an initlal temperature of 16 to 18°C, When the critical temperature
suggested by the preliminary experiment was neared, samples were

removed at intervals and allowed to cool, Observations made through-

out the experiment were as follows

At 6,15 a.m, the specimens were transferred from sea water at
17.5°C. to finger bowls in the cabinet at 20.0°C, By 4.05 pem.,
a temperature of 33,0°C. was reached; all specimens in the sea
water bowl had their siphons out while the specimens in the other
bowls were tightly closed. A sample of 3 small and 1 mediun sized
specimens was removed from each bowl to sea water at the same temp=
erature and allowed to cool.

At 7,50 p.m, the temperature was 35,0°C. All the specimens
were closed except one in the sea water bowl,

At 8,55 p.m, the temperature was 36.8°C. and another sample of

4 specimens was removed from each bowl.

At 10.30 pem. the temperature was 38.0°C. and a third sample
of 4 specimens was removed.
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A% 11,50 p.m. a temperature of 38,6°C. was reached. Examination
showed that the condition of the quahaugs was similar to that in the
prelininary experiment at this temperature. The medium sized secimens
could be pulled apart about } mm., offering ne resistance this far.
In & few specimens the valves could not be moved. All the specimens

were placed in water of 39,)°C, and allowed to cool., At 12,26 a.m.

the medium sized quahaugs in the sea water bowl were all olosed, and
those in the other bowls closed up and remained closed when squaezed.
No difference in the conditlon of the smsll specimens could be seen.
At 9.30 a.m.,September 16th,all the small quahaugs that had
been raised to 39.6°C. seemed to have recovered as they had all
olesed up tightiy.
At 9 a.m, Septemver 17th, all the small quahaugs were alive, a

their siphons were exgtended, and they closed when disturbed. The
medium sized specimens were also alive.

Observations on the condition of the samples removed at different
temperatures were made fellowing thelr removaj. In every case all

the quahaugs survived. Those from the sea.water bowl always began

to recover first, extending their feet and siphons within 15
minutes. Those from 2/3 and 1/3 sea water behaved similarly show-
ing uctivity in 15 to 20 mlautes, while ths specimens from the
fresh water bowl did not begin to open for 25 to 30 minutes, except
for one specimen taken out at 38°C. which had its siphons extended
10 minutes after removaj. Of the specimens removed at 38°C. the
largest of the three small quahaugs from the fresh water and 1/3

sea water bowls were the first to recover. )
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Experiment 3. To determine the survival times of medium and small
sized quahaugs at 35°C. reached by raising the temperature at a
rate of 1 to 13°C. from the temperature at the sea bottom.

On September 26th at 9.15 pem., 8 small quahsugs (length
6 0 10 mm,) and 3 medium sized quahaugs (length 30-40 mm.)
were placed in finger bowls containing sea water, 2/3 sea water,
1/3 sea water and fresh water at a temperature of 18°C., in a
oabinet acjusted to give a temperature increase at the rate of
1 to 13°C. per hour. At 2,10 p.m., September 27th, the temperature
was 35°C. Observations on the condition of the quahaugs after
this temperature was reached and maintained are summarized in
the following table.

Time
0 Hrs. Siphons out Closed Closed Closed
57 All alive 411 alive All alive All alive
®, " 1 suall dead 2 medium dead
20 * 1 small weak 1 " weak
8 small dead
25 = 3 medfunm dead 3 medium weak
6 small dead
2 " weak
2’ 1 medium dead 1 medium dead 2 medium dead 3 medium dead
0 small dead 1 small dead 3 small dead 6 small dead
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Experiment 4. To compere the ability of quahaugs to survive high
temperature in water of salinity greater and less than the ordinary
salinity of Bideford river,

Measured quantitiss of sea water wers evaporated to dryness
and the resulting salt added to 210 cc. samples of sea water,
giving concentrations of 5/3 and 4/3 the ordinary salinity of
Bideford river (29.0 per mille in this experiment). 10 small
(length 5-10 mm.) and 2 medium sized (lemgth 32 to 36 mm.) qua-
haugs taken from the sea bottom at 14,5°C. were placed in finger
bowls containing 5/3 sea water, 4/3 sea water, sea water and

fresh water at 9.30 a.m. September 29th, The temperature was

raised at the rate of 4°C. per hour until 40°C. was reached at
3.10 p.m, This temperature was maintained to within 1°C. for
several hours, and the condition of the specimens was examined
at intervals.

At 3.15 pom. 1 medium and 3 small sized quahaugs were re-
moved to the sir and allowed to cool. When removed they were all
slightly open and the valves could be moved apart or closed for

a short distance with no resistance. In a short time they were

all closed and seem to have ¥886véFsd. They were returned to the
finger bowls in the ocabinet.

At 5 p.m. another sample of 4 specimens was removed from
eaeh finger bowl. They were placed in sea water at 35°C. and
allowed to cool. When removed the quahaugs were all slishtly
epen, while the medium sized specimen from the fresh water bowl
had 1ts siphons extended in a limp condition. At 9,00 a.m,
September 30th, all the specimens from 5/3 sea water, the 4/3 sea
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water and the sea water bowls had recovered, but the medium sized
specimen and the largest of the 3 small specimens from the fresh
water bowl were dead.

At 8 p.m. September 29th, after 5 hours at 39=40°C. the
finger bowls were all removed from the cabinet and allowed to
cool. Examined at 9 a.m, on September 29th, the only specimens
dead wers all the small quahaugs held in fresh water at 40°C.,
the medium sized quahaugs held in fresh water having recovered.

During the increase of temperature to 40°C. on September
29th, all the specimens except those in sea water remained closed
until a temperature of 38°C. was reached, when they began to open
in all the sslinities. Thus when quahaugs are exposed to umusually.

high or unusually low salinities they remain closed at moderate

. At 1ly high , Quahaugs in

high salinities can survive as well as quahaugs in mormal salinity,
while quahaugs in fresh water cannot survive as long afl exposure
to high temperature.



Growth of Mixed Sizes of Quahw

APPRDIX 2.
t Malagash, N.5. and Bldeford river, P. E. I.

Melagesh vesin.

The location of the plots is shown in figure 3.
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The location of the plots is shown in figure 4.
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Appendix 3.
PERSONAL INTERVIEWS ON THE PAST HISTORY OF QUAHAUGS:

¥r, Colin Hutchinson, who fished Quahaugs extensively before
their deoline, in an interview on July 24th, 1939, stated that
quahaugs were found in considerable numbers along both shores of
Bideford river, and described fishing them east of Lennor island,
south of Bird island, off the Gooper bed (2407), off Maclean's
point, and along the South shore of the river betwsen Maclean's
point and Low point. Most of thé“fishing was done along the outer
edges of oyster beds, where the bottom was intermediate between
very hard @and and very soft mud of a typs called "rubber bottom",
While some quahaugs did occur in the very soft bottom in the middle

of the river and creeks, not many were ever found there, and those
from harder bottom were preferred due to the lighter cBjour of the
shell. In Malpeque bay most of the fishing was done cast of Curtain
1sland where a channel ran towards Shipgrd river, and north of this
location along the shore east from Princetown. In these situations
the specimens came up clean on the rake, from which it may be in-

o sand, Th t“.

called

ferred that they were living in clean, rather lo

est demand was for small quahaugs of length 1} to 2 inch

"little necks", andthese were fished in great quangities, bringing

one dollar per bushel. A good fisherman could get 3 or 4 bushels
in a day.Just before the oyster disease became sppdrent in 1913,
when oysters began to die in large numbers, the price of quahaugs
decreased, and so did the fishing. Shortly sfter, quahaugs began
o die al
qQushaugs had not been fished out, large numbers were found dead

where

evidently from a dise

se, because in plac

with rotting meats. Quahaugs which had jJust opened had swollen dark
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spots on the meats, as if a lighted match had been spplisd to
them.

Mr. V. Carr, fisheries inspector, described on September
26th, 1939, quahaug fishing in the vicinity of Grand river, and
corroborated Mr. Hutchinson's description of extensive fishing
east of Curtain island. Much fishing was also dome on a "reef
bed" between Curtain island and Winchester's cape. In Grand river
there was good fishing betwsen the ferry and Grand river bridgs
further upstream, in muddy bottom similar to that in the middle
of Bideford river. There were many quahaugs all over the southern
part of Malpeque bay before 1915, when large quantities with rott-
ing meats were fished. Specimens obtained from the upper reaches
of the rivers in muddy bottom were larger in size than those from
sandy bottom in the bay, according to Mr. Carr. (This may be due
o the greater area of soft muddy bottom than of harder sandy
bottom of suitable depth for quahaug fishing, which, coupled
with the greater ease of fishing in the harder sloping edges of
oyster beds, served to protect the stock in soft bottom and allowed
it to reach a greater age).

Mr. L.J. Murphy, fisheries inspector, stated on September
27th, 1939, that quahaugs were once very plentiful in Foxley river,
and they disappeared about the same time as oysters there.

Mr. V. Travers, who has several oysters leases in the southern
part of Malpeque bay, stated on September 18th, 1939, that quahaugs
have been found in spots here and there during the past several

years and are evidently "coming back". The abundance of quahaugs
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1in this region at one time is evidenced by the abundance of
enpty quahaug shells found on the bottom while working on

the oyster beds.
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