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Strongylocentrotus droebachiensis is the deminant macroscopic
benthic animal along the exposed coasts of NMW. The gonads
ripen during the fall, reach a peak in sise and maturity in February or
March, and spawnout ocecurs by April. In exposed areas the density is
very high (up to 350 urchmlnz) and small urchins are sbundant. In
sheltered areas the density is much lower but most of ths individuals
&re large. The urchin populatious are concentrated in shallow water
vhere macrophytes, their main food, grov abundantly. Urchins heve variable
preferences for and abilities to consume differeat algae. Feeding is
Jeast in the winter, when the gonads are near their pesk, and greatest
following spawnout. The potential grasing rate is sufficient to restrict
noncalcarsocus magrophytes to the sublittoral fringe vhere the abrasion of
the gonads, as they are washed back and forth by waves, keeps the urchins
from advancing and devouring them. Only Agerum cribrosum and Ptilota
serrata, which are undesirable urchin foods, grow at greater depths in

urchin dominated sreas. Sea stars, other urchins, lobsters, crabs, a
nunber of fishes, and birds are common predators of S. drcebachiensis but
are not very effective in limiting their numbers.
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INTRODUCTION

The green sea urchin, Strongylocentrotus droebachiensis (0. F. Mlller,

1776) 1s circumpolar in distribution in the seas around the Arctic Ocean.
It i1s found as far north as Discovery Bay, northwest Greenland, around
Spitsbergen, and north of Russia, Alaska and Canada (Danielssen 1892,
Grainger 1955, Hyman 1955). In the North Atlantic it extends southward
beyond the English Channel on the Furopean side and to New Jersey on the
American side (Mortensen 1907). It also extends into the North Pacific
and is the dominant member of the subtidal fauna as far south as the state

of Washington (Weese 1926,Shelford et al. 1935).

In 1854 Stimpson marvelled at the great numbers of S. droebachiensis

on the shores on Grand Manan and wondered what must be the food of such a
multitude of enimals. Newcombe (1935) and Dexter (1944) in ecological
studies in the St. Andrews region, New Brunswick, and at Ipswich, Massachu-
setts, respectively, found this urchin to be of such abundance that they used
its generic name in designating the sublittoral biome. Dexter considered

the Ipswich Bay Strongylocentrotus-Buccinum biome analagous to the

Strongylocentrotus-Argobuccinum biome as described on the Pacific Coast of

North Americe by Shelford and his associates (Shelford et al. 1935). The

same urchin, S. droebachiensis, is a dominant in the latter.

I was repeatedly impressad by the abundance of this animal in the
sublittoral rocky shore environment during a seawaed survey of Newfoundland
in the summer of 1967. This situation I readily learned to associate with

a scarcity of macrophytes. It is obvious that so dominant an organism must
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exert a great biotic influence on the other organismslin its environment;
and a great deal of the energy within its community must be within such a
species. However, in spite of the prevalence of this situation throughout

much of the range of S. droebachiensis, it is strange that so little effort

has been made to more precisely understand the importance of this species.
I hope that this study will contribute to our knowledge of this animal and

its effects on other species.

There is considerable confusion about variation within S. droebachiensis.

Swan (1962) has indicated that the closely related species, S. pallidus

&. ©. Sars, 1671) 1is also probably praseat iz the Northwest Atlantic. In
Norway, Vasseur (1952) described differences in the colour of the spines

and test, arrangement of the ocular plates, number of pore-pairs in each are,
weight of the Aristotle's lantern, depth preference, and time of spawning
between these two species. However, there 1s considerable overlap in these
characters and hybrids are apparently common. At Grande-Rividre, Quebec,
Swan (1962) found that the two urchins could be distinguished when they were

preserved in 5 percent formalin — urchins whose oral spines turn violet

appeared to be S. droebachiensis and those the spines of which remain light-

coloured appeared to be S. pallidus. Swan also found that the latter animal
was very rare in depths of less than 120 feet. The formalin test was made
on 100 urchins from each of the three areas studied in detail. In all but

8 of the animals from Logy Bay the oral spines turned violet or dark purple
(a few darkened only slightly). No collections were made from deeper than
80 feet. Thus, it is concluded that most of the Newfoundland specimens

studied were Strongylocentrotus droebachiensis.
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It should, however, be mentioned that white or cream-coloured
long-spined urchins have been observed in all of the areas investigated.
Similar specimens have glso been reported by Jackson (1912) from St. Pierre,
by Prince (1913) at St. Andrews, New Brunswick, and by Swan (1958) from San
Juan Islands, Washington; but the actual identity of these urchine is
unknown. Six of my specimens were preserved in formalin, and all of their

primary spines turned violet within 10 minutes.

The literature concerning the growth rate of S. droebachiensis

was reviewed by Swan (1967). Soot-Ryen (1924) and Grieg (1928) examined

the size frequency distributions of collections from Ramfjorde and Folden
and Bals Fjords in Norway and suggested size ranges for the first five year
classes. It appears, however, that they were dealing with both S. droebach-
iensis and S. pallidus and that their collecting methods were not very
reliable. In June 1957 Swan (1958) carefully collected all the urchins
from a low intertidal ledge at York, Maine. From the size-frequency
distribution of the 1305 specimens obtained, he estimated the modal diameters
of the first four year classes. In a subsequent study, he (1961) kept caged
for a year at New Castle, Maine, a group of urchins from each of the 4 modal
size groups. The results generally supported his previous interpretation

of the modal diameters of the age classes. His concluding estimates were

as follows: 8-10 mm, one year; 24-26 mm, two years; 40-42 mm, three years;
and 46~52 mm (?), four years. Although no very small individuals were found
during the 1957 collection, urchins ranging from 0.5 to 1.5 mm were abundant
in June of 1953. These he considered to be the youné?bf that year (Swan

1961),
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Swan (1958, 1961) repeatedly noted the problems associated with the
interpretation of size-frequency modes. The length of the spawning season;
and the variable growth rates, which may be due to the quantity and types
of food available or to other enviromnmental or possibly genetic factors,
tend to confuse these modes especially in the larger size classes. The
question of adequate sampling, particularly of larger urchins which are
usually sparse, and that it is not known whether these animals grew continually
or cease to grow after reaching a certain size are also problems. Swan's
(1961) growth experiments at New Castle indicated that urchins initially

5 mm in diameter grew to 15.4 mm on Ascophyllum nodosum and to 22.1 mm on

Laminaria digitata over a year. He also found that the growth rate of S.

droebachiensis on a diet of Nereocystis luetkeana at Friday Harbor,

Washington, was even greater than on L. digitata at New Castle.

In Washington State,Vadas (1968) fed S. droebachiensis species of

algse, After 15 months, the urchins eating Nereocystis luetkeana and

Laminaria saccharina were 2 to 3 times heavier thau those fed Agarum cribrosum

and A. fimbhxiatum. The snimals feeding on the former two algae grew logarith-
mically until the end of this period, but those feeding on Agarum spp. reached
an asymptote after about 7 months. After 20 months, Vadas dissected these
animals. He found that the mean gonad index (expressed as the ratio of the
gonad volume to the wet weight of the urchin) was 27.16 for N. luetkeana,
20.64 for L. saccharina, 8.66 for A. fimbriatum and 7.18 for A. cribrosum.
This suggests that the type of food available may effect the reproductive
potential of an urchin population as well as the growth rate. Ebert (1966,
1967, 1968) studied growth in S. purpuratus and demonstrated that a scarcity
of food and spine breakage due to weathering could inhibit or even cause

negative growth in adult urchins.
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Prior to 1926, numerous reports were made on the foods of S.

droebachiensis. These were usually based on gut analyses (Dawson 1868,

Verrill, 1874, Packard 1893, Scott 1901, Eickelbaum 1910, Awerinzew 1911,
Blegvad 1915, Jansen 1915, Mfelch 1922, and Weese 1926). From them it is
apparent that the animal is omnivorous, feeding on whatever materials are
available in its immediate environment. Only two more recent papers make
quantitative observations on the feeding habits of this urchin. Kuznetzov
(1946) working in the eastern Murman showed that the feeding intensity
(ratio of the food eaten per day — measured over several days — to the
weight of the urchin) was 27 times greater for 8.9 mm urchins than for 65.5

mm urchins, when the food was Laminaria saccharina, In 1940, thare were

three sharp peaks in the feeding intemsity of 50-55 mm urchins eating the
same food; one in March, which was followed by the lowest feeding intensity
value in April and May, a slightly higher peak in June and July and the

highest peak in November.

Vadas (1968), in studying the urchin and algal populations in the

viecinity of Friday Harbor, Washington, conducted numerous experiments on

the food preferences of S. droebachiensis, S. franciscanus and S. purpuratus.

He found that Agarum cribrosum and A. fimbriatum consistently ranked low.

The feeding rates, assimilation efficiencies, growth rates and gonadal
development were also low when Agarum spp. were the food material. He showed
that there is a correlation between the preferences of the urchin and the
quality of the food, postulating that the urchin has so evolved that its food
preferences are for the more nutritious slgae. Agarum spp. have low

reprod-ctive capacities, lower growth rates, and smaller holdfasts than other
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phaeophytes in that area. They are therefore inferior competitors in the
upper sublittoral. However, the preferential feeding habits of the urchins

allow Agarum spp. to become the dominant vegetation in deeper water.




STUDY AREAS

Logy Bay
Logy Bsy (Figure 1) faces northeasterly towards the North Atlantic

and is generally representative of extremealy exposed Newfoundland shore-
lines. High cliffs of red conglomerate, which have a north north east
strike and dip steeply:border the Bay.

Dyer's Guleh (Figure 2), a narrow inlet below the Marine Sciences
Research Lasboratory (MRSL), is the specific area in vhich detailed studies
were made. Due to its narrowness, the Gulch usually receives diagonally
the impact of heavy swells. A small brook drains over the steep walls into
the bottom on the Gulch., However, any appreciable effect this may have on
the salinity of this area is confined te the surface waters within the
trench. The first 150 feet of the imner Culch is about 80 fset wide and is
bordered by very stesp bedrock walls. The depth of this portion slowly
ineresses to about 20 fest (nui: the slipway used by the MSRL and by local
fishermen). This ares, which will henceforth be referred to as the Bottom
of the Gulch, is only subjected to turbulent water during storms. In the
next 100 feet the depth increased to 5C feet. This is the meximum depth in
the Gulch, and almost vertical submerged walle close in so that the tremch
is only about 40 faet wide at its deepest point., This portion will be
resferred to as the Narrows. So far the bottom is bedrock strewn with large
boulders. Beyond this the wall on the west side of the trench slopes gently
to about 15 feet and then drops off — the opposing wall retains its

steepness to the surface but gives way to a smaller inlet which is about
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FIGURE I: Location of the Three Main Study Areas and Other Areas
Referred to on the Northeast Avalon Peninsula.




Dyer's Gulch Region Showing the Approximate Depths in Feet.

y

FIGURE
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40 feet deep. Near the entrance of the trench an accumulation of boulders
and cobble forms a bar at a depth of 35 feet. On the seawaxrd side of this
bar loose material extends down to a depth of 125 feet where the bottom
becomes alwost flat. The sediments decrease in sise with depth and below
110 feet the bottom material is sand. However, scattered boulders are
present betwesn 60 and 85 feet. On the west side of the Gulch bedrock

ridges extend down to about 70 feat. Badrock cutcrops are common throughout

the ares.

The perannial Fucus vesiculosus occurs commonly on the less vertical

intertidal surfaces inside the Gulech, but only small fronds of this alga are
scattered on the more vertical and exposed faces. F. disticus var. edentatus
is less common and appears to be confined to the low intertidal inside the
Gulch. Pilayella littoralis is a common epiphyte on these Fucus epp.,
particularly near the Bottom of the Gulch, Alaria esculsnta ususlly grows

in dense beds and forms a band sbout 2 feet wide just below low water level
in the Bottom. The width of this zons increases towards the Mouth of the
Gulch, at the Narrows it extends down to a depth of 8 feet (sporlings to 10
feet in June 1969) and further out (on the submerged bedrock vall om the west
.“‘. of the Guleh) it forms a dense growth to & depth of 18 feet. On the

east side A. esculents, in association with Laminaria digitata, Agarum

cribrosum and Desmsrestia viridis, covers the tops of the bedrock ridges

down as far as 35 feet. This Alaria sone is also uplifted in very exposed
localities and at the entrance to the Gulch it extends up to sbout 2 feet

above low tide level. Rhodymenia palmaia ccamonly groews epiphtyie on the

atipes of older Alaria plants and Laminaria digitata is common subtidally

throughout the Alaria beds except inside the slipway. Scattered plants of
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Agarum cribrosum occur along the vertical walls of the Gulch below the
Alaria sone. Arxound the Mouth of the Gulch, an extensive area of
Halosaccion ramentaceum utcndl down through the Alaria to about 6 feet.
Most of the submerged rock ourfacu sre sncrusted with a smooth type of
crustose coralline alga, although the upright branchzd type exists on some
of the vertical walls of the Narrows. Outside the Gulch from 60 to at

least 110 feet Ptilota serrata is the only conspicuous alga. It grows in

suall tufts on most of the bedrock outcrops.

During the winter months, when the cliffs receive much spray, a
conspicuous green covering of Urospora pesnicilliformis forms over the
immersed rock surfaces to a height of 30 faet above low water level. As
spring approaches, Bangis fuscopurpurea forms a dense brown mat which
extends up about 15 feet at the entrance to the Gulch. These sones are
much lower at the Bottom of the Gulch because the spray sone is not usually
very high. Ultimately, these algas are destroyed because of desiccation
and as a result of the grasing activities of Littorina saxatilis. Another
annual species, Petalonia fascia, which covers the low intertidal area
during the winter, is rare by summer. Porphyra umbilicalis f. linsaris

sometinmes occurs on the intertidal rock surfaces in the spring. It was

not observed in 1969, though.

Enteromorpha sp. commonly grows in pools vhere fresh water collects.
Spongomorpha arcta and S. hystrix are common in low intertidal pools or in
shallow crevices during the spring and summer. Chordaria flagelliformis,

frequently bearing the epiphyte Dictyosiphon fosniculaceus, also occurs in

the latter habitat during the summer. The rhodophytes Cersmium spp.,
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Polysiphonia spp. and Rhodomelia conferviodes can usually be found in tidal
pools and in shallow depths to about 20 feet. Monostroma sp. is common
during early spriug in depths up to 15 feat. Following sporulation it

rapidly disappears, and is rare by the end of June.

Chorda tomentosa forms a dense growth near low water level inside

the Gulch during the spring months and it may persist neaxly till August,

In June 1969 it was also observed covering many of the boulders on the Bar
at depths of 35 feet and greater; but it was not seen here in 1968.
Desmarestia aculeata occurs throughout the year in the Gulch on the vertical
cliff walls and the tops of boulders from 5 to 30 feet. It is quite worn

by late September. In the spring of 1969 a luxuriant new growth was present,
wvhich in some areas formed a dense mat belovw the Alaria. Desmarestia viridis
was not observed in the Gulch in 1968, but was scattered throughout the

trench down to a depth of 40 feet in 1969.

The most conspicuous intertidal animal at Logy Bay is Balanus
balanoides vhich forms a nerrow white band in the mid-intertidal just above
or extending down into Fucus spp. In the low intertidal and often extending -
down to 15 feat the small blue mussel, Mytilis edulis, frequently occurs

in dense beds. The hori. mussel Volsella modiclus is scattered along the

wvalls of the Gulch and usually grows below M. adulis. Inside the trench,

small Metridium dianthus commonly grow in the vertical range of M. edulis

and may extend deeper. The scale worm, Lepidonotus squamatus, {s common

and Hiatella arctica and Nereis pelagica are very common amongst the byssal

fibexs and detritus around the mussels and arouad the entangled stipes of

the kalps. Obelis geniculata commonly occurs on Agarum cribrosum.
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Subtidally to a depth of about 20 feet, the hydroid, Abietenaria turgida,

forms small tufts on exposed ridges. The scarlet alcyonarian, Gersemia
rubiformis, ie common below 20 feet attached to the vertical walls of the
Narrows. Yellow encrusting sponges frequently occur in shaded crevices
and the upright growths of the eyed finger sponge, Chalina oculeata, are

scattered on the bedrock surfaces below 60 feet.

Intertidally Littorina saxatilis is very abundant and in the spring
grasing lines of Bangia fuscopurpurea can be seen extending out from the
moist crevices where this animal congregates for protection against
desiceation. L. littorea is presemt but not very common. The chink shell,
Lacuna vincta, is particularly abundant on Chorda tomentosa during the late
spring and early summer, and also occurs on Chordaria flagelliformis when
this alga is present. The Atlantic dogwinkle, Thais lapillis, and the

limpet, Acmaea testudinalis, are common under Fucus spp. and Alaria esculents.

The latter is also very common throughout the Bottom of the Gulch. The
sublittoral northern welk, Buceinum undatum, is scattered only in the Gulch.
The chiton, Tonicella marmorea, has been found subtidally, although rather

infrequently, under Alaria.

The spider crab, Hyas araneus, particularly small individuals, is

common in crevices throughout the area; the lobster, Homarus americanus,

has only been observed on a few occasions; and a shrimp, Pandalas montaguii,

is abundant during the summer; hovering over the gravel outside the Bar.

Echinoderms are well represented at Logy Bay: Strongylocentrotus

droebachiensis is by far the most conspicuous subtidal animal (Plate I);
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Plate I

The southeast vertical wall of the Karrows, Dyer's
Gulch, at a depth of 20 feet showing the dense population
of §, drosbachiensis. Note that many of the urchins are
“capped” with shell fragments. (May 22, 1969).
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Agterias vulgaris is common in the Gulch but is infrequent outside;

Henricia sp. is common on the bedrock walls in the Gulch; Leptasterias
polaris is common within the Gulch as far as the slipway. It is alseo

outside the Gulch; Psolus fabricii, the scarlet sea cucumber, is only

common in the Narrows, where its vertical distribution is similar to that

of Gersemia rubiformis; Crossaster papposus occur occasionally in deeper

vater ocutside the trench, and a few Solaster sndeca have been collected
from the same area. The brittle star, Ophiopholie aculeats, is common in

rock crevices, amongst kelp holdfasts and under branched Lithothamnion;

the brown sea cucumber, Cucumaria frondosa, is scattered along the bedrock

surfaces, usually below 20 feet, inside the Gulch and at greater depths
outside the Gulch; and a number of small whitish sea cucumbers, Chiridota

lasvis, have been found in the gravel outside thes Bar.

The most conspicuous fishes at Logy Bay are the longhorn sculpin
(Myoxocephalus octodecemspinosus) and the winter flounder (Pseudopleuronectes
americanus). The shorthorn scuipin (M. scorpius) and the yellow flounder
(Limanda ferruginea) usually occur outside Dyer's Gulch. The rock gunnel
(Pholis gunnellus), the radiated shamny (Ulvaria subbifurcats), and the
srctic shanny (Stichaeus punctatus) are found scattered amongst the cobble

and boulders in the Guleh during the summer months. Schools of Atlantic

tomcod (Microgadus tomcod) are sometimes seen around the Mouth of the Gulech.

During June and July, almost endiess schools of capiin (Mallotus villosus)

follovw the coast. The lumpfish (Cyclopterus lumpus) and the Atlantic
seasnail, Liparis atlanticus, also come to shallow water during the spring

months to spawn. The Atlantic cod (Gadus morhua) and the Atlantic salmon

(Salmo salar) ara canght in gill nets just outside the Gulch by the local

fishernen.
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Portugal Cove

Portugal Cove (Figure 1) is a small indentation on the east shore
of Conception Bay about 13 miles inside of Cape St. Francis. The ares is
only faced by a long fetch in a northerly direction, since excessive wave
action from across the Bay is precluded by Bell Island, lying three miles

west of the Cova.

Detailed studias were made around a saall point at the southern side
of the entrance to Portugal Cove (Figure 3). The strike of the bedrock
outcrops is east northeast and the dip is quite steep. The elevation is
much less than at Logy Bay, though, and the rock material is volcanic.
Bedrock forms the Point and an Outer Ridge which encloses shallow flats,
small inlets and pools. Northeast of the point the bedrock surface drops
in a etep-like fishion to a depth of about 350 feet over a horizontal distance
of about 150 feet. In the same direction the bottom continues to drop, but

at greater depths bedrock is only present as scattered outcrops.

Inside the Point there is s shallow Basin with a cobble beach at
the bottom. The substrate of the Basin is primarily cobble and pebbles.
However, there are scattered boulders, and bedrock flats emerge at low
tide level. In a northeast direction from the Basin the bottom drops much
more gradually and a depth of 70 feet is only reached nearly 500 feet from
shore, The rock material in the Basin is well rounded by the abrasive
action of the swell. Just outside the Point from 30 to 45 feet the bottom
is more inclined and much of the loose rock material is larger and more
jagged. At graater depths the bottom slopes very little and the substrate
1s composed of gravel and shell fragments overlaid by emall cobble and pebbles.

(Plate 1I).
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FIGURE 3:

Portugal Cove Study Area Showing the Locations where the
Various Depths were Sampled.
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Plate II

The heavily coralline-encrusted loose mbotrnt, at 50
feet at Portugal Cove. There are nearly 200 urchins/m” on this
material, but more than 90 percent of these are less then 20
mm in test diameter. Soft macrophytes are absent in this area.
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Fucus vesiculosus and Ascophyllum nodosum are very abundant at

Portugal Cove, where they grow intertidally attached to bedrock and large
boulders. The former is less prevalent and the latter is absent on the
exposed side of the Point and Outer Ridge. Both species grow very luxuri-
antly along the more protected inlets and bordering the Basin. Although
not as prevalent, Fucus disticus v.edentatus is common in the low intertidasl
bordering the pools inside the Outer Ridge and at the bottom of the Basin.

Pilayella littoralis is a common epiphyte on these fucoids, and Polysiphonia

lanosa often occurs on A. nodosum. PFucus disticus v. disticus grows in mauny

of the high tide pools, and it can be found in pools which ara as much as

five feet above high tide level. These are only reached by spray.

Chondrus crispus occurs commonly under the intertidal fucoids and

in a few localities it forms patches by itself near low tide level. Ahnfeltia
plicata is rare but has a similar distribution. In partially protected

areas Corallina officinalis forms dense mats which are exposed during very

low tides. Such mats are very extensive on the bedrock flats inside the
Outer Ridge. Small rounded tufts of this alga also occur as deep as 40 feet
on exposed bedrock surfaces. Halosaccion ramentaceum is generally only
scattered subtidally, but at the bottom of one small gulch, into which the

swell is usually funnelled, it was abundant.

On the seaward side of the Point and Outer Ridge, where the water

i3 usually turbulent, Alaria ssculenta beds cover the bedrock surfaces from

near low tide level to about 8 feet. On some of the very exposed surfaces,

Alsria follows the substrate down to as deep as 15 feet. Inside the Point

the Alaria sone narrows, and disappears over a short distance. Agarum
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cribrosum is scattered on the seaward bedrock surfaces from 20 to 40 feet,
where it is the most conspicuous seaweed. Small rhodophytes, Euthora

cristata, Phycodrys rubens, and Ptilota serrata can alaso be found in small

quantities associated with Agarum,

Crustose corallines cover bedrock surfaces, starting near low
tide level. In shallow water the ecovering is usually smooth and patchy
but with increasing depth it becomes thicker and covers most of the rock
surfaces. At 30 feet the covering is about 2 inches in thickness, and 1is
made up of many upright projections. Sheets of this material commonly
blister from the bedrock surfaces and can easily be pried loose with a

diving knife.

Crustose corallines are not pressnt on ths smaller rocks in the
Basin because of abrasion. At 30 feet, though, there is less wator movement,
and the cobble starts to become euncrusted. The covering on loose rock
naterial increases with depth and below 45 feet most of the hard surfaces,
including pebbles, horse mussel shells, and glass are heavily encrusted

with the beautiful branched kind of Lithothannion. The fact that all sides

of most of the cobbles are covered is avidence that at times there is

encugh turbulence to rotate thesa objects.

Very small fronds of Ptilota serrata are present on the encrusted
cobbla. This alga is only abundant on the bedrock outcrops below 50 feet

east of the Point.

Urospora penicilliformis and Bangia fuscopurpurea cover the rock

surfacas in the spray zone during the winter and spring months and disappear
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with the approach of summer. During the same period Petalonia fascia

is prevalent intertidally and in shallow water. In April, 1969, a

luxuriant growth of P. fascia var. zosterifolia, over a foot in length,

was present in the Basin. In March, 1969, very long filaments of Urospora

wormskioldii were present near the Cobble Beach and also subtidally on

boulder tops and on rock surfaces whera there is much water movement. At
the eame time Monostroma sp. was very abundant in pools inside the Outer
Ridge and along the Beach. Colonial diatoms formed a very conspicuous
covering on all the subtidal rock surfaces during Fsbruary through April,
but this material rabidly disappeared in Mgy. Ulva sp. is presemt but
uncommon near low tide level during the summer and Enteromorpha sp. is
presant during much of the year in fresh water drainage.

Scytosiphon lomentaria grows on the low intertidal shnre and is

very abundant during the spring months. Saccorhiga dermatodea first appears
in the spring and the plants become very large in moderately protected pools
and inlets during the summer. Chordaria flagelliformis is first present

in sbout June and is usually very common intertidally, particularly in the

Basin. The latter almost always bears epiphytic Dictyosiphon foeniculaceus.

D. viridis is the only species of Desmarestia present at Portugal Cove. It
is usually attached to stable rock surfaces, from low tide level to about 25
feet. It grows rapidly during the epring and is most abundant in June and

July, particularly where there is almost continual water movement.

Tha distribution nf Balanus balsnoides and Mytilus edulis at

Portugal Cove is similar to that at Logy Bay. The former usually forms a

white zone above the fucoids and the latter occurs in dense beds in the low
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intertidal shore and extends down to 10 to 15 feat in smaller numbers.

The horse mussel, Volsella modiolus, is more abundant than in Dyer's Guleh

and often forms large clusters between 20 and 40 feet. Metridium dianthus

is also abundant and forms large congregations on several vertical bedrock
faces. Large M. dianthus are more common than at Logy Bay. The Arctic

saxicave, Hiatella arctica, is very common in the low intertidal where it

is frequently matted amongst Corallina officinalis and it is also found to

at least 50 feet in crevices produced by branched crustose corallines and

in byssal fibers of V. modiolus. Spirobis borealis grows on fucoids and

Obelia geniculata grows luxuriantly on Agarum cribrosum. Tubularis larynx,

another eommon hydroid at Portugal Cove, is usually attached to vertical
bedrock surfaces. It also occurs on V. modiolus. The segmented wom,

Myxicola infundibulum, which secretes a thick gelatinous sheath around

itself, is commonly found inhabiting small crevices in the bedrock, around

V. moliolus, in crustose corallines, and in gravel.

A number of gastropode ere grazers in the intertidal ares. The
edible periwvinkle, Littorina littorea, and the northern rough periwinkle,
L. saxatilis, are very common; the swmooth periwinkle, L. obtusata, and the

pale chink, Lacunas pallidula neritoidea, are also present. The common

Atlantic chink shell, Lacuna vincta, is present on algae intertidally and

down to 50 feet; the graring limpet, Acmaea taestudinalis, is common both in
the low intertidal and subtidal shorxre; the predaceous Atlantic dogwinkle,

Thais lapillis, is common intertidally; and the northern welk, Buceinum

undatum, is scattered in shallow water.
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The white northern chiton, Ishnochiton albus, is very abundant

on the branched crustose corallines between 30 and 70 feet. The larger

mottled red chiton, Tonicella marmorea, the little Puncturella noachina,

the velvet shell, Velutina laevigita, Nereis pelagica (abundant), and a

nemertean worm are also present in this enviromment. The jingle shell,

Anomia aculeata, iz common on V. modiolus between 30 and 45 feet and the

scale worm, Lepidonatus squamatus, the terebellidian worm, Amphitrite

figulus, and the trumpet worm, Cistenides gouldii,are common amongst the

tangled byasal fibers, shell fragments and other debritus from 30 to 45

feet. The Island scallop, Chlamys islandicus, was sometimes found under

blistering layers of Lithothamnion.

The rock crab, Cancer irroratus, was scattered in shallow water:

the gpider crab, Hyas araneus, was present but not common, usually in bedrock

areas; and the Amarican lobster, Homarus americanus, was sometimes observed

in large crevices in the bedrock or in cavities burrowed in the gravel under
boulders. The shrimp, Pandalas montaguii, is common during the summer below
15 faet, where 1t hovers over the coralline encrusted bedrock and cobble

surfaces.

Strongylocentrotus droebachiensis is again the dominant subtidal

animal. It frequently congregates around submarged algae which ure‘not being
washed around excessively by wave action. The purple starfish, Asterias
vulgaris, is also very abundant, especially in small pockets at the base

of the bedrock cliffs (30-40% wvhere M. edulis or other food materials have
washed down and collected. Very often one can observe two or three A.

vulgaris feeding together on individual V. modiolus. Blood stars, Henricia
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sp. are scattered throughout the area but are more common on the hedrock

surfaces, The brittle star, Opihiopholis aculeata, 13 extremely abundant

anongst the Lithothamnion-covered cobble between 30 and 60 feet, where

their density may exceed that of 3. droebachiansis. The sunstar, Crossaster

papposus, and the sea cucumbers, Psolus fabricii, and Cucumaria frondosa,

are vary rara, However, the small white sea cucumber, Chiridota laevis,

was comzonly observed in the gravel from 20 to 50 feet.

During the summer months, cunners (Tautogilabrus adspersus) were

abundant at Portugal Cove, but they were not observed during the winter.
The longhorn sculpin (Myoxocephalus octodecemspinosus) and the winter
flourder (Pseudopleuronectes smericanus) were commonly seen; the shorthorn
sculpin, (M. scorpius), the yellow flounder (Limsnds ferruginea), the
Atlantic cod (Gadus morhua), the lumpfish (Cyclopterus lumpus), and the
ocean pout (Macrogoarces americanus) were less frequently observed; and

shannys (Ulvaria subbifurcata and Stichasus punctatus), and the rock gunnel

(Pholis gunnellus) were usually common amongst the cobble in shallow water.

The threespine stickleback (Gasterosteus aculeatus) is very common in very

shallow water including tide pools; multitudes of caplin (Mallotus villosus)
visit the area during their spawning period. A skate, probably Raja

senta wvas observed on one occasion on & gravel bottom.
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Holyrood
A brief study was made of the urchin population on the west shore

of Holyrood Bay, Conception Bay (Figure 1), at the entrance to the north-
easterly facing North Arm. This area receives little wave action from
Conception Bay and the maximym fetch within Holyrood Bay is about 1.5
miles. The shoreline is very regular, and is only interrupted in a faw

places by bedrock outcrops.

The area where the water msets the land lies near the base of a
steep gravel enbankment. It consists of cobble and small boulders, inter-
spersed amongst large boulders. The smaller rocks extend seaward for a
distance of about 25 feet and to a depth of 4 fest. They then drop off
more abruptly, to a depth of about 10 feet. The depth gradually increases
from 10 to 35 feet, and the substrate over this level is mainly fine gravel
and sud. Coarser gravel extends down from the shallower depths in places,
and scattered cobbles ara present. Below 35 feet gravel and cobble become
predominant, but s thin mud film usually covers this material. The slope
below the latter depth decreases, and at 60 feet the bottom is almost flat.
Most of the rock material of this area is jagged, not hﬁ:lng undergone much

abrasion, sinece there is little wave action.

In August a very marked thersocline was apparent. The water
temperature near the surface wvas 13.5°c but at 50 faet was 6.3°C. This

situation is also a result of the sheltered conditions within Holyrood Bay.

Two species of Fucus, F. vesiculosus and F. disticus var. edentatus

are present intertidaily on the boulders in this area. The former is very
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abundant and the latter is only common on the low intertidal shore.

Ascophyllum nodosum is less prevalent than F. vesiculosus but it occupies

a sinilar range on the shore. Pilayella littorsiis comouly oceurs epipuytic

on these fucoids.

Near low tide level Scytosiphon lomentaria, Chordaria flsgelliformis

and Dictyosiphon foemiculaceus are common. The first mentioned is a wiater
species persisting to the summer, and the latter twvo are summer species. D.
foeniculaceus is usually an epiphyte growing on Fucus spp., S. lomentaria and

C. flagelliformis. The latter is sonstimes epiphytic on Fucus spp. Desmarestia
viridis is the only other comspicuous alga, apart from the encrusting coral-
lines, and it 1is uncommon growing only on larger rocks to a depth of about

30 feet.

Smooth encrusting eorvallines are present in patches on the rocks in
shallow water. Thicker enerustations cover the rock surfaces below 35 feet.
It is notable that at greater depths these eorallines only encrust the upper
exposed surfacas of the ecobble. This indicates that the wave action is not

strong encugh to rotate the roek material.

Balanus balanoides cccurs abundantly with the fucoids and Mytilis
edulis often occurs in dense beds in the low intertidal shore. Although the
density of M. edulis in shallow water is not as great as in the former two
areas, the individuals present are usually very large. Metridium dianthus,
vhich is common on larger rocks and bedrock, is also very large. One

Halocynthia pyriformis was observed on a bedrock outcrop at about 15 feet.

Large Littorina littorea are very conspicuous intertidally and on

rock gurfaces to a depth of about 25 feet. L. obtusata and the chink shell,
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Lacuna vincta occur near low water level on algae and the tortoise shell

limpet, Acmaea testudinalis, and the common northern welk, Buccinium

undatez, ars scattared in shallow water on rocks. The prickly jingle

shell, Anomia aculeata, the arctic saxicave, Hiatella arctica, and the

mottled red chiton, Tonicells marmorea are also present on the rock surface

as daep as 63 fest. The filter-fesding annelid worm, Myxicola infundibulum,

is present in gravel and mud areas. The horse mussel, Volsella modiolus,

only occurs in cobble areas belov 35 feet.

Below 10 feet the shell remains of the razor clam, Ensis directus,

the soft-shell clam, Mya arenaris, and the giant scallop, Placopecten
magellanicus, are present (a few living but very old specimens of the two
latter bivalves were obtained). Shells of the Atlantic surf clam, Spisula
polynyma, are common from 50 to 65 feet, but no living animals were

encountered.
[}

The rock erab, Cancer irroratus, vas very abundant (approximately
2—5.’:2) around the rocks in shallow water in August 1968. Two months later, ©
on November 2, only a few larger individuals were observed, partially buried |
under the mud below 10 feet. A mmber of lobsters, Homarus americsnus, and o

spider crabs, Hyas araneus, were found in the rocky enbankment between &

and 10 feet.

Strongylocentrotus droebachiensis is the dominating subtidal

invertebrate. The relative abundance of large urchins is a striking feature

of thie area. Sand dollare (Echinarachnius parma) are scattered on the mud-

gravel substrate, where they are frequently partially buried. The tests of e
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this animal are quite common at the same level. The purple starfish

(Asterias vulgaris) is widely scattered throughout the area, but the polar

starfish (Leptasterias polaris) is less common. During two dives below

30 feet, only three sunstars, one Crossaster papposus and two Solaster

endeca, vere encountered. The brittle star, Ophiopholis aculeata, is
relatively common smongst more thickly coralline encrusted cobble below

35 feat.

During the few dives made at Holyrood, sculpins (probably

Myoaxocephalus octodecemspinosus), flounders (probably Pseudopleuronectes
anericanus), cunners (Tautogolabrus adspersus), and one skate (Raja senta)

were observed.




METHODS

Measursments

Dinensions were measured with a vernier caliper to the nearest 0.1
an. Wet weights were measured on a Mettler (type P120) balance, and recorded
to the nearest 0.01 gn. The following measurements and observations were

nade:

Tast diameter - One reading was made of the distance from the
outer surfacs of the ambulacrum on one side of the test, across the mid- "
periproct, to the outer surface of the intersmbulacrum on the opposite
side of the test,

Test height - One reading wvas made of the distance between the

anus and the lowernost surface of the test.

2 arageinlbs e o e

Urchin weight - The urchin was removed from the water, excess water
wvas shaken from it, and its weight was recorded after drying for about 15

minutes on three layers of paper towel.

Weight of gut plus contents - The gut plus its contents were weighed j

after excess vater vas drained from them.

Gonad weight - The gonad was weighed after it had been on three layers

ERPRRISRI

of paper towel for about 8 minutes.
Sex -~ Sex was determined by visual examination of the gonads for ova

or sperm. If neither could be seen a squash of some of the tissue vas examined
under the microscops at 10-40 X, In a few instances the gonads were undiffer-
entiated and it was only possible to sex the snimal by the presence of old

sperm and ova. | 2

Gonad colour - Prior to 1969, except for Noveaber 1969, the colour
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of the gonad was classified by the author without comparison to a standard,
however, in November 1968 and during 1969 the colour was described with

reference to the Reinhold Colour Guide (Kornerup and Wanscher 1961),

State of development of the gonads - Squashes were made of material

preserved in 5 percent formalin. Thay were classified into four categories,

vhich are defined in Table I.

Reproductive Cycle

Monthly samples of at least 20 urchins were taken from the Portugal
Cove ares, for gonad and gut analyses. The first collection was made on
February 2, 1968. Thereafter, samples were collected near the end of each
month until June 27, 1969. These samples were usually collected from the
shallow pools and ledges inside of the Point by means of a scoop net.
However, on several occasions during the winter collections were made by
snorkeling to about 10 feet in the Basin. These samples were taken to the
lab wvhere the above mesasurements were made within 12 hours of the eocllecting
timc. 7The weight of the gut plus its contents was only recorded as from
March 1968. At the end of April, 1968, difficulties were encountered in
identifying the sex. Thereafter, the gonads were preserved in formalin and
ses water. Later, unstained squashes of these tissues were nmade to verify
the sex of the urchin and to determine the state of development of its
gonads. In the February 2, 1968 sample, 6 out of 41; in the February 29,
1968 sample, 2 out of 21; and in the March 28, 1968 sample, 1 out of the 20
urchins were less than 30 mm in diasmeter; theresfter all urchins were
larger than 30 mn in diameter. All of the urchins in these analyses had

reached sexual maturity. The surface vwate: temperatura at the Point was

recorded at the time of sampling (Figure 3).
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A gonad index and an index of the gut plus its contents were

derived for each urchin by the folloving formulae:

gonad weight x 100 Weight of gut plus
Gonad Index = urchin weight Index of Gut = contents x 100

plus contents urchin weight

Data are also presented from 14 collections, of 10 urchins each,
made by Acreman (1966) in 1965. Eleven of these collections were made at
Ballevus, Trinity Bay, from May 22 to October 2; 1 was made at Brigus,
Conceptios: Bay on June 22; and 2 were from Long Pond, Conception Bay, on
July 7 and 13, She weighed the empty gut, after allowing it to drain for

5 minutes on three layers of paper towsl, and calculated a gut index as

followa:

Gut Weight x 100
Gut Index = Urchin Weight

Both this gut index and the gonad index were usad by Lawrence et al. (1965)

in a study of Strongyloecentrotus purpuratus.

Sampling
Sampling was done by two SCUBA divers equipped with fine mesh

collecting bags, wire grids and a Voit sondic depth gauge (Plate III). At
each depth sampled, the first grid vas placed randomly by blindly swimming
towards or sinking to the substrate. Usually 3 additional grids were placed
horizontally along the bottom, one grid width away from the preceeding grid.
Each quadrat was carefully examined. All visible urchins were transferred
by hand into a collecting bag, and observations were made on the associated
flora and fauna. Small urchins were sometimes very difficult to collect,
since the cold waters of the Newfoundland coset almost always necessitated

the wearing of neoprane mits. Also, susceptibility to chilling was greatly
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Plate III

Two divers sampling the urchin population at 16 feet
on the stesp northwest wall of the Narrow=, Dyer's Guleh.
Congregations of urchins around blades of Alaria esculenta
can be seen at the right. (Masy 22, 1969).
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incressed since oné had to remain relatively inactive while examining a
grid. The urchine from each grid were brought to the lab where the test

height and diameter and total weight of each animal were measured.

During the summer of 1968 four vertical transects were made at the
three study areas on the Avalon Peninsula. Specific information on the
nusber and siszse of the grids and the depth and time at which the sempling
vas done is given in Figures 6 and 7 and Appendices III and IV.

(1) At Logy Bay the urchin population was sampled at 16, 27, 30
and 40 feet on the nearly vertical walls of the west side of the Narrows.
Deeper samples were taken from 50, 60, 70 and 80 feet on the more moderately
inclined bedrock surfaces outside of and to the east of Dyer's Gulch. The
sane area at 16 feet was sampled again in May and September,1969. Swell
action was often a problem at Logy Bay, and the shallow water quadrats
could only be taken during infrequent calm periods.

(2) At Portugal Cove, one transect vas made on the gently inclined
bedrock surfaces in a line extending northwestward from the Point. Grids
were taken at 10 foot intervals betwsen 10 and 50 feet, and the same area
at 10 feet was again ssmpled in May and September 1969. Bedrock is mot a
prominent part of the environment below 50 feet in this area. Below 3C feet

the thick crust of corallines had to be pried loose and carefully examined

to ensure that small urchins vere not missed. Samples from bedrock were not

collected near the surface at Logy Bay and Portugal Cove since dense beds of
Alaria exist there. A number of short-spined larger urchins were commonly

observed in protected crevices at this level.

(3) A second transect was made on loose substrate at Portugal Cove
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in a northeasterly direction from the Cobble Beach. This area was sampled
at 10 foot intervals from near the surface to 70 feat and the 50 foot 1¢v§1
vas sampled again in May and August,1969. Crustose corallines, whiech
occurred on the rocks below 30 feet, again presented a problem in that they
provided small crevices in vhich young urchins frequently were found, From
40 to 60 feet this problem along with the great abundsnce of small urchins
prohibited one diver from working over more than 2 quadrats on a cylinder
of air. PFProm 20 to 30 feet sampling was also a very slow process, since
snall urchins were commonly buried as deep as 6 to 8 inches under loose

cobbles, pebbles, Volsella modiolus, shell fragments, and other detritus.

Usually 6 square grids, 0.2 ‘2 in area, vere used in the above
threa transects.

(4) Less detailed sanpling was done on the west shore of Holyrood
Bay at the entrance to North Arm. Crids were taken at 1, 10, 20, 40 and
at 60 fest. It was necessary to increase the size of the grids owing to
the scarcity of urchins in this area. The 1 foot level was samplad on two
occasions, on August 16 and on November 2, 1968. Sampling could be dons
quite rapidly, since most of the urchins were large and the density was

very low, except near low tide level. In the gravel-mud area along the

transect urchins were entirely epibenthic. Further up the North Arm, though,

s fev small urchins were observed buried in the gravel,

Feeding Experiments

Four groups of experiments were conducted on the feeding abilities

of urchins: (1) the feeding abilities of 10, 30 and 50 mm urchins on eight

species of algae was investigated; (2) a more detailed study was made of




the feeding of saven size grewps, 10, 20, ..., 70 mm, on Laninaria spp.

50 sm urching on the same glgza during slitermating 12 hour darks 12 heuwr
11ght pariede vas seasured; and (4) the algal prefevesess and fesding rate
of 20 end 30 wm wrehins on 13 algse wvas studied in Nay.

T™he urehing used is the feeding experiments vere kept im the lab
from the Cime vhemn they were cellected during the distributiom studiss.
Tests en urahiss less than 32 wm in dimster wers carvied om is tenke
24 x 13 x 17 en tn size and larger urehins ware kept In tanks 34 x 23 x 23
en ia sise. Sea water was slevly and coutinually supplied te eseh tank
frem the MSAL seawatey system, which pumps water direstly from Legy Bay,
(Plate IV). The fllumination reaching the tanks fros the sdeve fluereseent
lights vas 200-400 lus, ensept durisg the derk perieds ia the third experiment.
For st least & week prier £o eseh axperimaat the urehisd were nmaintaimed
under experimaatal conditfons {m rvespeet to lighting and ghe type of feod

eaten.

The amouat of feed caten and the fseses exsroted ware determined
ueing methede adapted frem Fujt (3962, 1967). Daily (er twice daily as in
tha light: dazk peried experiment) the sligas im eash tank were Cakex out,
the surfase water vas reneved with sbserbeut paper and the fremds ware
weighed te the neavest .01 g. The less in weight between consesutive
weighings ropresented tha sususi of £00d caten (esnswmptien) during that
peried of time. Thers vas alvays su shundance of foed available in each
tauk. At the ssms tinme the faseal material vas sirhensd frem the bottom

of the tosk and filteved wader suction onte preveighed filter papers. Ssa




- 36 -

Plate 1V

Tank setup for feeding experiments.
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water vithout faeces was also poured through a sample of filter papers so
that mean percent salt gain could be estimated. The amount of fasces

axcreted was determined by the following formula:

Dry weight Dry weight Weight of Estimated

of fasces = of fasces - preveighed -~ gsalt gain
(mg) with filter dry filter of filter

paper (ng) paper (mg) paper (mg)
vhere

Estimated Weight of Maan X

salt gain = preweighed - salt gain

of filter dry filter of filter

paper (wg) paper (=g) papers (mwg)

Filter papers were always kept in an oven at 40°C for at least
four days to insure uniform dryness and then the weight of sach paper was
racorded about 45 seconds after removal from the oven. Small fronds of
each alga, vhich were used to determine the percent ratio of dry weight to
vet veight, snd the fasces with the Zilter papers wvere first dried at room
temperature and then oven-dried and weighed as above. It was found that
these objects did not continue to lose weight after three days in the oven.
The perasnt ratio of dry weight to wet weight for the eight species of algae
used in the feeding experiments are listed in Appendix V. The variability
of these figures is attributed both to srror in weighing wet plant material
aud to varfation in the actual weight and wvater content of the different

Piecas of algas.

The feeding rates and assimilation efficiencies vere calculated as

follows:

wﬁﬂfﬂﬂ‘% x 100
Peeding rate (X) = Mean weight of urchins (gms vet weight
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Assimilation = Dry weight of food eaten (mg) -

efficiency (X) Dry weight of fasces excreted (mg) < 100

Dry weight of food eaten (mg)

Theae formulae were used by Fuji (1962, 1967) in studies on S. intermedius

in Japmn.

In May and June,1969 a simple experiment was performed to better
understand the food preferences of S. drosbachiensis and to obtain an
estimate of the post-spawning feeding abilities of urchins on algae species
vhich are sbundant at that time of year. The different algae vere arranged
along the s1des of two shallow trays, 84 x 170 x 8 cm in aize, one of these
containing 42 urchins, 48-52 mm in dismmeter, and the other 110 urchins,
28~32 sm., Tray illumination was 200-600 lux; water temperature vas 2-4°.
At the beginning of the experiment daily records were kept of (1) the mumber
of urchins in contact with each species of alga and (2) the rate at which

each species was devoured. After 10 days less frequent observations ware

made. (Appendix VIII).

The number of urchin days spent on an aslga is here defined as the
total number of urchins on an alga in the daily observation periods. By
making many comparisons, two species at a time, of the number of urchin days
spent on each alga over the period vhen they were both present, the order of
preference the uichin has for the various species can be derived. The rate
at vhich the various algae disappesred is thus the combined results of the

urchin's ability to consume the various species with its attraction to the

elgae. For example, Alaria esculenta and Laminaris sp. both disappeared in

four days in the tray with the 50 mm urchins. Over most of this period,
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though, there were more urchins in contact with the former tham with the

latter. Based on the number of urchin days, Alaria esculenta is more

preferred than Laminaria sp. even though the consumption rate of Laminaria

sp. 18 higher.

The consumption rates can be estimated in the same experiment by

the following formula:

Food eaten Initial weight of the alga (mg wet weight)
(mg wet weight) = Total number of urchin days spent on the
/urchin/day alga until it was devoured.

For the more slowly consumed algae the number of urchin days was

estimated for the days on which no observations were made. The feeding rate

71as calculated as before.
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Figare 4 (Appsndin I) shows the mesr male snd female gonad
fadices frem February 2, 1960 to June 29, 1969, The highest index was
resched st the end of Vedbrmary,1968. 1In the following month there was
a shazp dvep, dus to spawaning (see belew). Censistently lowv values then
existed until the end of June. A emall peak was present (n July sad
Auguet, and a slightly higher ene cacurved is late Novembar. During the
{atexvening meaths, vsiuwes similar te those of the post-spewning pariod
vere found. 1Im 1949, the manimun pesk escurred in Mavch, end was follewed
by an abrupt dealine uatil the end of April, vhan ths lowest gonad index
values were resevded. The latter peak was gensiderably lewer thas that of
the prespawning peak in 1968, The mals and female cycles were aimilar
exeept during Vebruary and Mareh whea the nean indax of the femasle gonads
was setably higher than that of the sale,

¥icroscepic ensmination of the gomads preduced additionsl informattes
on the vapredustive cysle. Fulli (1960a, b, ¢) made thorough histologiesl
obsarvations of tha gamstogenic cycle of §. sudus and 3. futermedivs in
Japan sed deseribed and photegraphed six stages. The four stages used in
this study aze defised im Tadle I and the frequency of these stages betveen

April, 1063 and Juse, 1969 axa shown (n Figure 4.

During the late eprimg and sumaer montbs, whem the gonad indices

vere lov, nost of tha samples ware in the recevering stage. Only & fev
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WATER TEMPERATURE

/o~ -

OMALE
® FEMALE

GONAD INDEX

1968

[ FITMTA
MONTHS

Surface Water Temperatures, the Mean Male and Female Gonéd
Indices (Standard Error of the Means Represented by VeFtlcal
Lines) and the Number of Individuals in Spent, Recovering,
Ripening and Ripe Condition in the Monthly Samples at Portugal

Cove.
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nales contained suffficiont spermatonos in their gomads to be classified

as vipeaing. AR ths and of Ogtodar, 13 of the smwple of 20 were $n the
ripening atags and mature ova vewe present for the first tiwe. The
ripening condition predeminsted from Novesbar to January and them mature
individuals bessms frequent. Ia lete Hareh whem the highest wean gonad
fadex in 1969 was vecerded all of the samples ware ripe u«nd ganetes vere
readily likerated wvhea the gonade vare handled. 3By the end of April,
colngiding vith lov gensd iudex values, ths reseverinmg stage egais predom-
fanted and enly & feaw sale individuals centained gamates in any guantity.
Active sparm vare present throwgheut mest of the year: hevever, mature ova

vers only edserved frem late Ocgtebar te Maxeh or April.

flcn wes seme irregulsrity in esrly 1969 in that a fev spent

fadividusls eceurred in Janusyy but not ia Maveh. This might poselbly hevs
been caused by a slight ehange fa the collesting area. Oving te sterny
sondicions dwrisg December te Mareh samples were obtained by snerkelisg

te sbout 10 fees imnside ths Peint, tather thas by sceop net in the cuter
peels as was the methed in the ether months. It is alsc pessible that mev
tissues devalop prier te the end of the spawning seasos ## that no spent
individeals were obsexrved ia ipril.

Throughowt wost of the year the colowr of the gomids is variable
aad vanges fvem light yellow snd grayish yellew €0 light orasgs, orange,
grayish orssge and brownish orange to light brown, browm and dark brewm.

The colour of the recovering and ripeaisg gonsds fucludes mest of thie

rangs, but ersnge and the warious shades of orvange predeaisate. All

individuale whieh vare clasecificd ac vipe were Orangs o VOry ReAT arange.
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Table I -~ Definitions of the sexual stages used in this study.
The stages used by Fuji (1960a) which are similar are indicated
in brackets following the names used here.

MALE

FEMALE

RECOVERING (O-II)

Spermatozoa are rare to common,
and not in dense patches

RIPENING

Spermatozoa are very common and
occur in dense patches amongst
the germinal matrix; white sperm
suspension ocozes from the tissue
when it is teased.

RIPE

Most of the sex tissue consisting
of densely packed spermatozoa: the
testes are easily ruptured
extruding sperm suspension.

SPENT

Testes are very small and only

a few sperm are present; gonad
indices are less than 2.0; and
the colour of the gonads is brownm
or yellowish brown.

(I1I)

(V)

)

Various stages of developing
oocytes are embedded fn the
germina]l matrix but mature ova
are absent.

The ovaries contain both developing
oocytes and mature ova, the latter,
however, are not prevalent; ova are
sometimes visible when the tissue
is teased.

The bulk of the ovary consists of
mature ova; oocyte stages are also
present but not common; this
tissue is easlly fractured and ova
ranging 140 to 220 y in size are
released.

Ovary is very small, usually
containing a few ova and sometimes
young oocytes; gonad indices are
less than 2.0 and the colour of
the gonads is brown or yellowish

brown.

—r—
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In tarch, 1969, when the entire sample was mature, nearly all of the urchins
had orange gonads. Illowever, the tone of orange differed between the sexes.
All of the females were a yellowish tone of orange (orange, Plate 5;

Kornerup and Wanscher 1961). Two of the male samples were this cclour

but the other 8 were a reddish tone of orange (Plate 6). The same difference
was also apparent in February,1968. During the other months there appeared
to be little relationship between colour and sex and it must be stated

that the colour of the gonads is never a reliable characteristic for sex
determination. In January and February, 7 spent individuals were encountered

and their gonads were brown or yellowish browm.

Acreman's data, Figure 5 (Appendix II), on collections from Bellevue,
Trinity Bay, in 1965 showed that the gonad index was low by May 22, likely
because spawning had occurred by this time, and then the indices rose during
the summer much more rapidly than was the case at Portugal Cove in 1968.
On June 22, 1965,she found the gonad index at Brigus, Conception Bay, was
about the same as at Bellevue. However, two samples collected from Long
Poud, Conception Bay, oo July 7 and 13, 1965,had much higher indices. Water
temperatures at lLong Pond were 4-5°C higher than at Bellevue during July,
1966, Also the foods available at Long Pond were probably different from
those at Bellevue and Brigus. The great influence of type of food eaten

upon gonadal development was well demonstrated by Vadas (1968) as was

previously mentioned. At Port Erin, Isle of Man, Moore (1934) studied the

gonad cycles of Echinus esculentus populations in two areas; in shallow

water near the ruined Breakwater, where there was a heavy growtih of

laminarians, and in 100-120 feet of water at the Breast, where the bottom
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was shell and sand. The mean male and female gonad indices, expressed as
the ratio of the gonad volume to urchin volume times 10, varied from 0.35
to 1.90 at the Breakwater but from only 0.05 to 0.36 at the Breast. The
time of ripening at the Breast lagged behind that at the Breakwater and
although spawning occurred over a two month period near April in both areas,
spawning took place about two weeks later at the Breast. Food undoubtedly
is largely responsible for the differences in the reproductive cycles in

these areas.

In Lamoine, Maine, Cocanocur and Allen (1967) made a study on the

gonad cycle of S. droebachiensis from January,1965 to January,1966. A

distinct annual cycle was evident. The gonad index, expressed as the ratio
of the gonad volume to the total wet weight of the animal, reached its
highest values in February and March. They noted that this period coincided
with the lowest water temperatures in the year. This was also the situation
in Yewfoundland. The ,onad index dropped sharply from March through June
during which time spawning occurred. From records Agassiz (1864, 1872-74)
made in the 1800's in Maine, spawning generally reached a peak in late

winter to early spring. In my study spawning appeared to be completed by

the end of April in both 1968 and 1969; and Turner and Boolootian (Boolootian
1967) in a study of this species from June,1964 to June,1965 found that
spawnout was in March. Vasseur (1952) reported that spavming in S.

droebachiensis in three widely separated areas in Norway, at DrBbsk in the

Oslo Fiord, at Trondheim and at Tromd, occurred at about the same time,

Boolootian (1967), in The Physiology of

usually in February and March.

Echinodermata, gives an extensive review of reproduction in echinoids and

shows that an annual reproductive cycle is present in most members of this
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class. The above reports would certainly indicate that this is true of

Strongylocentrotus droebachiensis and that the breeding season appears to

have its peak in February and March throughout its range.

The higher female gonad index during the prespawning peak of the

gonad cycle is not unique to S. droebachiensis. This 13 reported to be

characteristic of the irregular echinoids Echinarachnius parma (Cocanour

and Allen, 1967) and Echinocardium cordatum (Moore, 1935) as well as the

sea urchin Echinus esculentus (as is suggested by the diagrams of Moore

1934, 1937). Howvever, Bennett and Giese (1955) working on S. purpuratus

and §. franciscanus,and Fuji (1960b, c¢) studying S. nudus and S. intermedius

state that the relative gonad volumes of male and female urchins aresimilar

throughout the year in these speciles.

Secondary peaks, such as those which occur in July and August and
in November of this study and in August of Acreman's records, are very

common in echinoid gonad cycles., The 1965-66 study of S. droebachiensis

by Cocanour and Allen (1967) shows a slight peak in July, however, the low
post-spawning levels are not resumed in September as is the case in the 1968
gonad cycle. Irregular non-annual peaks are very common in S. purpuratus
(as 1s apparent in the many Figures of Boolootian 1967, Lasker and Giese
1954, and Bennett and GCiase 1959, and Leighton and Jones 1968) and are also

reported in S. franciscanus (Greenfield et al. 1958, Leighton and Jones 1968),

Tripneustes esculentus (Lewis 1958), Echinus esculentus (Moore 1935, 1937)

and in Echinarachnius parma (Cocanour and Allen 1967). Whether this is

attributed to (1) absorption of the germinal tissue or (2) to sampling errors

due to local variations over a very short distance or (3) to secondary

spawning periods is not certain. However, there is some evidence suggesting
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the latter possibility. In September and October following the slight

peak in gonad index values in August a number of individuals with low gonad
indices and with gonads which were brownish in colour were encountered.
‘lature gametes were uncommon in these and they were classified as recovering.
This could not explain the drop in the mean female index in September,
however, since mature ova were not present until October. The presence

of spent individuals in January and February following the December peak
certainly suggests that spawning was the cause of that drop. This early
spawning activity is very likely the reason for the lower prespawnout peak
at the end of Marech,1969. This study would indicate that the gonad index
is useful in assessing the reproductive cycle of an echinoid, but a much

more thorough understanding is achieved when this is accompanied by

microscopic examinations.

During February, 1968 and 1969, 1imited data were obtained on the

size at which S. droebachiensis reaches maturity. All of seven individuals

iess than 20 mm in dlameter were immature; onc male urchin 22 mm in diameter

was mature; and all of five urchins between 25 and 28 mm contained ripe

gametes.,

Gut Index and Index of the Gut Plus Contents

Lavrence et al. (1965), using a gut index, expressed as the ratio
of the wet weight of the gut to the wet weight of the animal, found that
there was an annual cycle in the weight of the gut of S. purpuratus. However,
the amplitude of the cycle was much lower than that of the gonad cycle.

The indices were low in the winter, increased during the summer and reached

a peak in October. Figure 5 shows the mean gut indices from May 22 to

-
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October 2, 1965, at Bellevue (Acreman, 1966). A low amplitude cycle which

reached a peak in August seams to be apparent.

Figure 5 shows the relative weight of the gut plus its contents
in the Portugal Cove samples from May, 1968, through June, 1969. Using
the Bellevue gut index data as a baseiine, it can be seen that there is
always food in the gut. However, the amount varies greatly from time to
time. There vas much material in the gut from Jume through August, less
from September to March and much again in the post spawning periaed. Fuii
(1967) showed that the relative gut contents of large S. intermsdius in three
areas in Japsn exhibited a regular annual cycle. The guts countained the
least material during July through September when the gonads were large

but following spawning gut content increased markedly.
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Urchin Populations in Study Areas
Size Frequency Distributions
The urchins were grouped into 2 mm size classes,and size
frequency distributions, calculated per square metre. were constructed
for each of the levels sampled in the 4 transects. A mean distribution
(X)was also constructed for each tiansect by averaging the samples collected

on the first dates at the various levels. (Figure 6, Appendix IV).

Logy Bay (Figure 6a)

Logy Bay urchins ranged from 3.2 to 56.8 mm in diameter. The mean
size distribution rises abruptly to its first and highest peak in the 8 -
10 mm size class and then gradually descends towards the 52-54 mm size
clasa. TIour lower peaks occur in the 14 - 16, 22 - 24, 26 - 28, and 30 -

32 mm size classes. These peaks descend in an almost linear mamnner, and

are spaced at intervals of 6, 8, 4 and 4 mm respectively.

Examination of the separate diagrams of the various depths shows

that the first peak is recognizable at the 27, 50 and 80 foot depths, and

are also suggested to be 2 mm behind at 16 and 60 feet. The first and

second peaks can be distinguished at 40 and 70 feet, but the third peak

is not present.

The 16 foot samples, collected in the early summer of 1968, have

a well defined mode of small urchins at 6 - 8 mm, Resampling of the game

area in May, 1969, almost 11 months later, indicates that this mode has

shifted to the 10 - 12 mm size class. This represents a progression of

4 mm. A third sample in September shows that this mode is still at the

same position,
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LOGY BAY
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FIGURE 6a: Size Frequency Distributions for (1) the Various Depths
Sampled, (2) the Average (X) of the Samples Collected on
the First Dates at the Various Levels, and (3) the Regampled
Levels. (The Number of Samples and Total Number of Urchins
on which the Diagrams are Based are Indicated after the

Sampling Dates).




-~ 52 -

2 August 280

. A i e et
N August 12 &9
.é :[/\/\/\,\/\ N August9 w2
i : e S A ' A o
1%

/\/\/\ S August 12

X August 6-12,908

w t -
TEST DIAMETER (mm)

e
3

FIGURE 6b .



NUMBER /m2

- 53 ~

PORTUGAL COVE - LOOSE SUBSTRATE
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Portugal Cove - Bedrock (Figure 6b)

The largest urchin on hedreck at Portugal Cove measured 49.5 mm
1o diameter and was collected at 10 feat but at depths greater than 20
feet all urchins collected were less thamn 40 mm. There ic a strong mode
at about 10 mm in the mean size distribution and them a gradual decrease

in frequencies.

Saveral modes are evident. The first one has its apex in the 8 -
10 mm size class at 10, 30 and 40 feet, is advanced one cize class at 20
feet, and is retarded one size class at 50 feet. At 20, 30 and 40 a second
peak seems evident 10 mm ahead on the first mode, At 50 feet the second
noda 43 only advanced by 6 mm as is the second mode in most of the Logy Bay
samples. Additional peaks are difficult to identify, however, they are

suggested at 24 - 26 mm and 30 - 32 mm.

Resampling at 10 feet 9 months later in May,1969 shows that the
first mode has progressed 4 mm and during the following 4 summer months

the peak appears to have advanced an additional 4 mm. Although the latter

does not show up in the size distributions which are based on 2 mn size

classes, it appears when the samples are analyzed using 1 mm size classes.

Portugal Cove - Loose Substrate (Figure 6c)

The urchins collected on loose substrate at Portugal Cove ranged

from 2,1 to 52.8 nm in diameter, which is similar to the size variation

encountered in the previous two transects, however, the mean size-frequency

distribution {s very different. The first mode 1is nearly twice as high as

the corresponding modes in the mean distributions on bedrock at Logy Bay
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and Portugal Cove and urchins larger than 20 mm are relatively uncommon,
except in shallow water. The mode of young urchins rises abruptly to a

peak at 8 - 10 mm, which is nearly twice as high as the corresponding modes
ir the mean distributions on bedrock at Logy Bay and Yortugal Cove - and

then drops sharply until it nears 20 mm. There are only 2.5 —~ 3.8 urchins/m2
in the size classes from 18 to 36 mm, a few more around 40 mm and £inally

a decrease in frequencies to 52 mm, Most of the larger urchins are in the

first 20 feet.

At 20 feet the first peak is reached at 10 - 12 mm, at 30 and 40
feet at 8 - 10 mm and at 50 and 60 feet at 6 ~ 8 mn. No corresponding

mode of small urchins is present at 1 and 10 feet. A second mode may be

present at about 21 mm.

Resampling in May, 1969, revealed that there was a decrease in the

numbers of small urchins over the winter and that the first mode had

progressed to the next size class. The third sample in August, 1969, indicated

that this mode had advanced one more size class. Only when the samples were

analyzed using 1 mm size classes was it apparent that greater growth had
occurred during the summer than in the previous period. The peak of the
class of young urchins was at 7 mm in the summer of 1968, at 8 mm eleven

months later in May, 1969, and at 10 mm in late August, 1969.

Holyrood Bay (Figure 6d)

The low density of urchins and relative abundance of very large

urchins are striking features of the urchin population at Holyrood Bay.

Urchins larger than 40 mm were predominant at all depths and three urchins

A
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larger than 60 mm were collected in samples. One of thesec measured 62.5

x 29.4 mm and is the largest individual encountered during sampling. The
low density of urchins and the limited sampling makes interpretation of
modes more difficult than in the previous transects. Apart from a small
mode which rises between 2 and 18 mm, the mean size distribution gradually
rises to about 49 mm and then drops to 60 mm. In spite of a very great
change in the density of urchins at 1 foot from August 27 to November 2,

1968 similar modes of larger urchins can be identified.

Density and Biomass

The total d¢nsity and biomeass and the contribution of each of
the less than 20.0, 20.0 - 39.9, and more than 39.9 mm size groupings
were displayed for the various levels sampled in the 4 transects in the
form of histograms (Figure 7). These 3 groupings will be referred to as

the small, medium-size, and large urchins respectively. (Figure 7,

Appendix IV).

Logy Bay
2
The demsity of urchins dropped progressively from 353.0 urchins/m

2
at 16 feet to 78.3/m? at 70 feet. An increase to 107.0/m” at B0 feet may

be related to an increase in the abundance of Ptilota serrata at this

depth. This was the main food material observed during gut analyses of
urchins from 80 feet. The proportion of large urchins increased from 2.0

to 9.5 percent from 16 to 40 feet and them decreased to 4.3 percent at 70

feet. The former increase in samples along the walls of the Narrows, and

the latter decrease occurred in the samples from outside the Guleh.

Resampliug at 20 feet on May 22, 1969, indicated that the density of the
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R e T T

The Density and Biomass of Small, Medium-size and Large Urchins
for (1) the Various Depths Sampled in the Three Study Areas,
(2) the Average of the Samples Collected on the First Dates at
the Various Levels, and (3) the Resampled Levels.
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urchin population at this level dropped by 71.3 urchins/m2 over the winter.
This drop is attributed to a drop in the numbers of smaller urchins (199.0 -
141.7/m2). The third sample on September 4, 1969, showed a further decrease

in small urchins (to 120.0/m2) but an increase in larger urchins.

The greatest biomass of 2544.5 gms/m2 occurred at 27 feet and at
greater depths there was a progressive drop to 610.4 gma/m2 at 70 feet,
The small percentage of large urchins at 16 feet accounted for the greatest
biomass not occurring at this level. The biomass of small urchins followed
the total pattern but contributed little to the total biomass; the biomass
of medium-size urchins decreased steadily from 16 feet to 70 teet and
contributed most to the total tiomass; the bilomass of large urchins

increased to 40 feet and then decreased to 70 feet.

The highest densities obtained in the 0.2 m2 grids were 560 and
530 urchins/m2 and these occurred in the July 6, 1968,sample at 40 feet
and in the May 22, 1969,ssmple at 16 feet, respectively. The corresponding

biomasses were over 4500 gms/mz.

Portugal Cove - Bedrock

On bedrock at Portugal Cove,there was a regular decrease in the
2
density from 270.8 urchins/m2 at 10 feet to 113.3/m” at 50 feet. The
density of small urchins was greatest at 20 feet and then gradually

decreased with depth; medium-size urchins decreased from 10 to 30 feet

and then remained about the same to 50 feet; and the large urchins decreased

from 10 to 20 feet and were not present at greater depths. Biomass dropped

very sharply from 2689.3 gms/m2 at 10 feet to 311.4 gms at 30 feet and
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remained about the same to 50 feet. The abrupt decrease was primarily due

to the decline in numbers of larger urchins to 30 feet.

In May, 1969, the same area at 10 feet showed little change apart
from a slight decrease which was proportionally equal for small and medium-
size urchins but greater for larger urchins. In September the total density
was about the same as in May, however, there was a further reduction in

the number of small urchins and an increase in larger urchins.

Portugal Cove -~ Loose Substrate

On the loose substrate at Portugal Cove,the total numbers increased
from about 100 urchina/m2 in shallow water to a maximum of 305.8/m2 at 50
feet and then dropped to 71.0/m2 at 70 feet. This pattern is primarily
attributed to changes in the density of suall urchins. They were abseit at
1 foot, sharply increased to 30 fzet, reached a maximum of 280.O/m2 at 50
fcet and then dropped to 55.0/m2 at 70 feet. The percentage of small urchins
increased steadily from 6.1 at 10 feet to 91.6 at 50 feet and then decreased

to 71.8 percent at 70 feet. The proportion of large and medium-size urchins

generally decreased with decreasing depth.

2
There was a very high biomass of 3561.8 gms/m™ on the mixed cobble

and bedrock substrate below the Cobble Beach corresponding to the high

density of larger urchins at that level. In two of the grids the hiomass

even exceeded 5000 gms/mz. These values represent the highest biomass
encountered during this study. An abrupt drop in biomass occurred from 1
to 10 feet and then there was a more gradual decline to 70 feet. The

proportion which small urchins contribute to the total biomass increases

steadily from 0.0 percent at 1 foot to 37.7 percent at 70 feet.
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The resampled area at 50 feet in May, 1969, showed that over the
winter both the density and biomass decreased in all three size groups. The
number of small urchins was reduced by 105/m2. In September, only three
grids were taken. lHowever, little change appears to have ocecurred, except

that large urchins were no longer present.

Holyrood Bay

The very low densities of urchins and relative abundance of large
urchins were striking features of Holyrood Bay. The density dropped
relatively sharply from 31.5 urchinslm2 at 1 foot on August 27, 1968, to
5.1/m2 at 10 feet and then increased from its minimum of 3.2/m2 at 20 feet
to 12.5/m2 at 60 feet. Since large urchins made the greatest contribution
to total density at all deptha, the biomass histograms present essentially
the same pattern. The biomass was 794.7 gms/m2 at 1 foot on August 27 and
from 103.1 to 286.8 gms/m2 at greater depths. Small urchins were not present
on the mud substratum at 20 feet and did not occur in the grids at 10 feet
where the bottoam uaterial was slightly coarser. However, they were observed
on some gravel patches which projected down beyond the 10 foot level but
vhich were outside the area of the transect. At these levels larger urchins
usually congregated on scattered rocks. At 40 and 60 feet the bottom
sediments consisted of gravel and coralline encrusted cobble and urchins

were more common, especially smaller individuals.

The second sample at 1 foot, which was made two months later on
November 2, 1968, shows that during that period the density and biomass more
than doubled but small urchins were no longer present. Apparently the larger

urchins, which formerly must have been more equally distributed over the
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small boulders and cobbles to a depth of about 10 feet, had migrated to
the very shallow water. The area was visited again on July 5, 1969, and
although no samples were taken, the urchin density appeared to be slightly
less than on August 27, 1968. On July 20, 1969, onlv about 4 urchins were
found in the {irst 3 feat depth along 100 feet of the shore and notable

growth of Chordaria, Dietyosiphon and Chorda film had occurred simee July 5.

It appears that a shoreward migration may take place in the fall and that an

offshora migration may occur during the summer.

Discusaion
In all the study sreas there was genarally a decrease in the urchin
biomass with iocreasing deptii. At Portugal Cove this trend was most
pronounced in the first 20 feet. An axception to this occurred at Goeiyrood
vhera the mud substrate betweea 10 and 335 feet was particularly unsuitable
and more suitable roeky bottom vas present at grsater depths. Density alse
genarally decreased with depth, except on loose substrate at Portugal Cove
vhere the highast deasity was at SO fest. This was primarily attributed
to small urchins vhich were absent near shore but axtremely abundant (about
zooluz) on the eorsllime encrusted materisl at 30-50 feet. NMadium-eize
and large urchins generally decressed with depth in the usual mammer. In
both bedrock aud looss substrate transects at Portugal Cove there wae a

decrease in larger urchins st grester depths. This suggasts that larger

urchins move from greater depths tovards the shore. Ceztainly the abundance

of readily eaten macrophytes near the surface must exert a major influence
in raintsining or attracting urchins to shallower depths, so that the

highast density and biomass is found near low water level.
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In the eastern Murman, Propp (1964a, 1966) studied the fauna on

Lithothamnion substrate at depths from 10 - 108 f=2et (2 ¢o5 32 m), and also

found that S. droebachiensis generally decreased in both density and

»N

bicmass with increasing depth. The mean density dropped from 35.7 urchins/m
and a biomass of 172 gus/m> at 10 - 20 feet (3-6 m) to 24.2/m> (824 gms/m?)
at 33 - 39 feet (10 - 12 m). These values were derived from samples in

tvo areas in the mouth of the Dalnisia Zelenckaja River, but the densities
at the same depths in the two aress did not vary significantly, however,

the values for 10 - 20 feet (3-6 m) in both areas were significantly
differant from those at 33 - 3¢ feet (10 - 12 n), At greater depths the
density decreased steadily to 16,2 utchim/nz (490 smlnz) at 59 - 66 feet
{18 - 20 m) snd 4.0/-2 (98 8"/‘2) at 105 feat (32 m). These density values
seen very low compared to those on Lithothammion substrate at Logy Bay and

Portugal Cove, but his biomass estimates compare more favourably. Large
urchins were spparently relatively common at all depths as at Logy Bay. It
may be that Propp did not bother to sample very small urchins since they
are diffieult to collect and their contribution to total biomass is small.

Propp (1964a) also recorded much higher densities of urchins (up to 170 -

230 Ilz) vhich completely covered the bottom where the Lithothamnion

substrate bordered Laminaria beds. Strongylocentrotus droebschiensis was

the most prevalent animal at all depths.

In an earlier study in the eastern Murmsn, Kusnetsov (1946) noted

that S. drosbachiensis was aost sbundsnt nsar the shore. He suggested that

this wae related to the presence of the macrophytes in shallov water, since

thay are the main food source of this species. Sometimes densities of 180-

220 mrc:l:insll2 and biomasses of 6.0-61.5 ksl-2 were reached in depths of up
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to 26 feet (3 m). The latter represents the highest biomass ever reported

for S. droebachiensis.

In a shelteored bay in Greenland, vhere there was little ice because
of strong currents, Madsen (1940) also observed that this species was

abundent in the upper sublittoral and especially near low water level.

The differences in the size compositions, densities and biomasses
in the three study areas can be related to the effects of waves and exposure,

and substrate on settlenent, survival and growth.

The graatest quantities of urchins occurred at Logy Bay where the
exposure was greatest and vhere badrock predominates to 60 feet or more.
The highest density (353 nrchm/lz) occurred at 16 feet on the steep bedrock
valls just below the Alaria some, and densities of over 250/||2 were present
to 40 fest, near the bottom of the Narrows. Outside Dyer's Gulch douit?-a
of about 100 urchmlnz were present to 80 feet, Such high densities suggest
that settlement in this ares is normally very high. Nevertheless, the
relative scarcity of large urchins (6.39 %) indicates that survival is not
great., Similarly, very hish biomasses of over 2,000 gn/nz occurred along
the valls of the Narrows and of 1112 - 610 gu/lz were present outside the
Guleh to 80 feet. S. droebachiensis is very well adapted to clinging to
the bedrock surfaces as it takes considerable force to remove an urchin from

its substrate when turbulent water is flowing over it. Although large urchins

were common on the boulders and cobble lining the Gulch, they were uncommon

on the Bar and on the loose substrate which gantly slopes out from the Guleh.

Here urchins are likely to be crushed by stones which are throsm around by

high waves which surse upon this area during winter storms. The turbulent
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conditions at Logy Bay frequently break off pieces of macrophytes from the
intertidal and sublittoral fringe and distribute them to greater depths.
For example, pieces of Alaria were commonly found at all depths along the
walle of the Narrows and during the summer great quantities of this alga
collect in the deesper parts of the Gulch. This may explain the facreasing
numbers of large urchins at greater depths within the Guleh (as shown in

the samples from 16 to 40 feet).

At Portugal Cove, exposure is more moderate and bedrock and loose
substrates are both common along the shore. The urchim population om bedrock
shoved a marked similarity to that at Logy Bay but densities and biomasses
at similar levels were less and large urchins were concentrated in shallow
vater, The density decreased from 271 urchinclnz at 10 feet to 113/:12 at
50 feet and the biomass dropped from 2689 3l|l/ll2 at 10 feet to 1044 sml/nz
at 20 fest and vas about 300 gll/:z at 30-50 feat. The lower densities suggest

that settlement is not quite as great as st Logy Bay.

There also appears to be a downward displacement vith increasing depth

in the bedrock populations of §. drosbachiensis which Propp (1964b, 1966)

studied in the eastern Murman. In the mouth of Dalniaia Zelenckaja there

vere 22,7 urchinl/-z or 703 gms of urchins/nz on Lithothamnion substrate at
29.5 feet (Propp 1966) but on the ssme substrate and at the sane depth in a
more exposed area near Great Ainov Island there were 34 urchinc/mz of 1080
S"/IZ (Propp 1964b). The latter density and biomass vere similar to those

at 13,1 feet at Dalniais Zalenckaja.

A very demse urchin population was also present on loose substrate

at Portugal Cove. However, the absence of small urchins and abundance of
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large urchins near the shore, and the abundance of large urchins at greater
depths, are nctable. The rock material in shallow water was well rounded by
abrasion, It is likely that movements of this loose material during storms
have crushed, and thus eliminated small urchins. Larger urchins which are
not as easily crushed occurred near the shore in densities of 123/m2. At
greater depths, where wave action has less effect, the substrate showed no
aigns of abrasion since it was heavily encrusted with crustose corallines.
Very high densities of over 200 urchinslm?, mostly small urchins, occurred
between 20 and 50 feet. Biomassaes on the loose substrate abruptly dropped |
from 3562 gulnz at 1 foot to about 1200 gus/nz at 10 and 20 feet and then
varied from 663 to 153 gnnlnz to 70 feet. Apparently settlement and early

development have been very successful in this area, except near the shore.

Holyrood is a sheltered area and substrates varied from loose rock
material to mud. Urchin densities were very low, but the percentsge of
large urchins was very bigh at all dapths which is in marked contrast to
the other areas. The highest density occurred at 1 foot in November, 1968,
(65/!2), but this is less than the lowest densities at any of the levels
saapled in the other areas. However, the biomass of large urchins in this
sample vas 1337 gls/nz. which 1is only surpassed at 1 foot below the Cobble
Beach at Portugal Cove where large urchins also predominated. The relatively
very lov densities at Holyrood indicate that settlement must be very poor

in this area, however, there must be very high survival since very large

urchins are relatively abundant.

In Fiorida McPherson (1969) found that the tropical sea urchim,

Eehinometra lucunter, was larger on offshore areas than on highly exposed
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vater reefs and suggests that this is due to either a faster growth rate

or greater longevity on ths formar.

A tendency of echinoids to aggregate during the breeding season

has been recorded for Echinocardium cordatum (Orton 1914, Buchanan 1966),

Psammechinus miliaris (Orton 1914), Iripneustes esculentus (Lewis 1958)

and Lytechinus variegatus (Moore et sl. 1963) and a shoreward migration
has been indicated in Echinus esculentus (Elmherst 1922, Scott 1931, and

by the data of Kain and Jones 1967). It is very possible that the congregating
of urchins in shallow water at Holyrood during the winter is a result of

8 similar phenomena in S. drosbachiensis.

Mitchell's Brook, Salmonier Arm, St. Mary's Bay is a very sheltered
inlet and both the types of substrate and urchin population were notably
similar to those at Holyrood. The area was only visited on two occasions,
and samples were not collected. Cobble and small boulders bordered the
shore, sand predominated at depths of 15 to 40 feet, and jagged cobbles were
present at greater depths. The largest urchins I have sean, 50-72 mm in
dianeter, were very conspicuous near the rocks along the shore and were

scattered over the sand zone vhere Echinarachnius parma were common. At

40-60 feat the urchin population appeared very similar to that level at

Holyrood.

Thus the urchin populations in sheltered areas appear to be
characterized by 1ight settlement, low densitles and very high survival.
On the other hand where wave exposure is more severe, densities (especilally
of emaller urchins) and biomasses are very high, but survival is relatively

low.,

y
<
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Dexter (1944) reported that S. droebachiensis was a dominant in the

bottom community of Ipswich Bay, Massachusetts, however, his highest density
wvas only about O.Umz. In a similar community of the Pacific Coast, between
Victoria, British Columbia, and the mainland, Shelford et al. (1935)

recorded densities of 4.0 - 20.0 §. droebach:lens:ls/mz. Wismer and Swanson

(1935) made a more detailed study near Brown Island in San Juan Strait and

found that the highest density of 10 S, droebachioneis/m2 occurred at 6.6 -

19.6 feet on a shell-sand bottom near eel grass and kelp. Prom 26.2 to 108.3
feet the bottom was mud and densities varied from 2.2 to 5.2/m2. The latter
estimates ware obtsined from dredge hauls, however, they are very low compered
to the densities in Newfoundland and in the eastern Murman. Undoubtedly the
soft substrate in these areas must be an important factor. In an exposed
area at York, Maine, Swan found 1305 urchins in an area about 3 mz on & low
intertidal ledge. Small urchins made up 59.2 percent of these, medium-size
urchins 35.5 percent and large urchins 5.4 percent. Both the high demsity

and high mortality in this sample compares very favourably with the bedrock

populations at Logy Bay and Portugal Ccve.

In 1968 and 1969,spawming in the urchin population at Portugal Cove

was concentrated from about February through April. Urchin recruitment was

apparently very poor in all tha study areas, since very small urchins (less

than 3 mm in d{emeter) were very rare. In Norway,Greig (1928) found small

urchins, 0.5 - 2.5 mm in dismeter, during the summer of 1923, and at York,
Maine, Swan observed that 0.5 — 1.5 mm urchins were common in June. 1953, but
not in June, 1957. Both Creig and Swan agree that these very small

individuals represent newly settled urchins from the early spring spawming.
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A strong mode of small urchins occurred in the mean size frequency
distributions for the 4 transects. At 16 feet at Logy Bay, this mode
occurred at 6 mm in June-July, 1968; advanced to 10 mm by May 22, 1969;
but remained stationary during the summer until September 4, 1969. Ae 10
feet on bedrock at Portugal Cove the corresponding mode was at about 8§ mm
on August 6, 1968; had shifted to 12 mm by May 13, 1969; and to 15-156 mm
by September 10, 1969. The incrsase of this mode suggests that it and the
following modes represent successive year classes. The fact that the
advancemeat was nearly twice as great at Portugal Cove (8 mm) as at Logy
Bay (4 mm), in a period of slightly more than a year, indicates that growth
is greater at Portugal Cove, wvhere the exposure is not as great. The latter
was further indicated by the wider spacing of the following modes, which
probably are successive year classes, at Portugal Cove (see below). The

above modes of small urchins likely represent urchins from a very successful

recruitment in 1967,

A very distinct class of 1 year old urchins between 3-16 mm, which
reached a peak at the same position as in the mean sige distributions (8 -
10 mm) was also present in the population studied by Swan (1958) in 1957
in Maine. At 16 feet at Logy Bay, at SO feet on bedrock and at 40 to 60
and perhaps 70 feet on loose substrate at Portugal Cove the 1 year mode of
urchins wvas at 6 - 8 mm. This closely corresponds to the 1 year old meode
of urchins at 5-6 mm which Grieg (1928) found in samples from 0 - 49 feet

in the Folden Fjord, Norway. The sisze ranges indicated by Soot-Ryen (1924)

and Schorygin (1928) for the corresponding year class are 6 - 10 mm in

Ramfiorde, Norway, and 7 - 11 mm in the Bareats Sea, respectively. However,

it should be noted that Swan (1961, 1967) has indicated that Grieg and
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Soot-Ryen may have been dealing with S. pallidus as well as S, droebachiensis

and that Schorygin's collections were 8, pallidus. I would support Swan's
suggestion that the latter two workers have listed their year class estimates
a year too young. They comsidered that the above mode, which occurred in
summer collections, represented urchins from the same year's spawning.
However, my observations indicate that this mode is already present in the

spring vhen urchins from the early aepring spawning are barely visible.

The mean siszse distribution on bedrock at Logy Bay and Portugal Cove
decreased in a regular manner from peak frequencies of near 17 urchins/m2
in the 8 - 10 mm sise ciass to very low frequencies at 50 mm. At Logy Bay
succeeding modes fell in the 14 -~ 16, 22 - 24, 26 - 28, and 30 - 32 mm size
classes and at Portugal Cove peaks are suggested at 18 - 20, 24 - 26 and
30 - 32 ma. These modes most closely correspond with those at 15, 23, and
30 mm in Crieg's data (1928). Soot-Ryen (1924) reported wider spaced yearly
modes at 18, 23, 37 - 38, and 48 ma and although Schorygin (1928) was
probably dealing with S. pallidus it is notable that the size ranges he
records for older year classes agree with the estimates of Soot-Ryen. Swan's
(1961) estimated modal dismeters at 24 - 26, 40 - 42 and 46 - 54 (2) mm for
2, 3 and 4 year old urchins are comparatively high, however, his studies were

made in the southern part of the range of S. droebachiengis and warmer water
Also Laminaris spp.

temperatures may contribute towards faster growth rates.
vas fed to the urchins in growth experiments he conducted which supported

these modes. His own data demonstrated that growth was much greater on this

alga than on Ascophvllum nodosum and a more recent study by Vadas (1968)
charina than

showed that S. droebachiensis grew much faster on Laminaria sac
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on Agarum cribrosum and A. fimbriatum. At Logy Bay Laminaria digitata was

only scattered amongst the Alaria. At Portugal Cove it was absent in the

study area but Ascophyllum was abundant intertidally. Agarum cribrosum

was scattered in both areas.

The siza distributions at various depths differed from the mean
distribution for each transect. The mode of small urchins at 10 feet at
Portugal Cove was not nearly so prominent as at 16 feet at Logy Bay and
urchins larger than 40 mm were absent below 20 feet at Portugal Cove but
not at Logy Bay. The resemblance of the sisze distribution, density and
biomass patterns at 10 and 20 feet at Portugal Cove to those at 27 and 40
feet respectively at Logy Bay probably indicates that there is a downward

displacement of Portugal Cove conditions at Logy Bay due to the greater

exposure.

The mean sisze distribution from loose substrate at Portugal Cove

vas unlike that from bedrock. The mode of small urchins occurs in the same

position, but was about twice as high. There is a sharp drop inm urchinm

dianeter frequencies to about 19 mm, and then mo further drop until after
40 mm, The very promounced mode probably represents 1 year old urchins,

from tha 1967 spawning. If so, settlement and esrly survival vere apparently

much more successful on loose substrate than on badrock, except in shallow

vater, where smaller urchins are probably destroyed by wave action as

praviously suggested. The explenation for the drop in frequencies to 19

is not yet known. This may have been an unusually successful year clase,

d to
or it ic possible that urchins after reaching a sige of about 15 mm ten

d
move sway, perhaps to shallower water vhere they could easily be crushe

by moving rocks and thus eliminated.




- 72 ~

At Holyrood, while there is some suggestion of a similarly positioned
but very small mode of small urchins, the relative increase in the frequencies
of urchins with increasing size is a much more striking feature. As previously
indicated, the low densities but increasing frequencies of larger urchins

in this area indicate that although settlement is poor, survival is great.

Both at 10 feet on bedrock and at 50 feet on loose substrate at
Portugal Cove, the first mode advanced considerably more during the & susmer
months of 1969 than during the 9 - 10 months previous to May, 1969. At
Portugal Cove,there is also a trend towards decreased growth with increasing
depth. This 1s indicated by the modal advancement, which was more than twice
as great at 10 feet than at 50 feet, and by the position of the first mode
at the various levels in the samples from the swmer of 1968. The mode of
young urchins was at 6 - 8 om at 60 and 50 feet, 8 - 10 mm at 40 and 30 feet
and at 10 ~ 12 nm at 20 feet. The only exception in this trend appeared at
10 feet where it was back one size class at 8 - 10 mm. Buchanan (1966) also
observed slower growth rates at greater depths in Echinocardium cordatum.

A strong mode from a heavy settlement in 1968 progressed 8 ma/year in a
11ittoral population and caly 2 mm/year in an offshore population at 98-131
feet. The offshore population was on a silty substrate which was rich in
organic content and the littoral population lived on clean saud, however,
Buchanan suggested that E. cordatum msy be morphologically better suited to

extracting food from coarser material or that the orgsunic material at greater

depths may not be a suitable food. If young S. drosbachicnsis feed more on

macrophytes than on decaying detritus certainly their food would be more

abundant near the surface and growth would be limited at greater depths.
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In both the shallow water bedrock samples at 10 feet at Portugal
Cove and at 16 feet at Logy Bay the first mode was not as far advanced (by
one size class) as at the next level sampled. Ebert (1966, 1968) has shown
that growth of S. purpuratus may be reduced by excessive spine breakage,
since the urchin must utilize some of its total energy budget, which would
otherwise be used for growth, in repairing spines. Heavy wave action near
the surface likely causes spine breakage, so that this factor may explain
the above situation. It was frequently noted that larger urchins in shallow
water at Logy Bay and Portugal Cove, especially those in crevices amongst
the Alaria beds, has short thick spines, whereas, urchins from greater depths
had long slender spines. This could contribute towards the slower growth
rate at Logy Bay as indicated by the slower progression of the mode at 16

feet snd by the closer spacing of succeeding modes.

Ebert (1966, 1967, 1968) studied 3 subpopulations of S. purpuratus

at Sunget Bay, Oregon, and found that in each population the growth rate
varied and that the yearly modes of small urchins could be identified for 2

or 3 years and then were obliterated when they fused with the more static

group of adult urchins. He also found that in some instances that urchins

could resorb calcite and shrink in size (Ebert 1967). The food supply

appeared to be the main governiny factor and he hypothesized that the growth
rate and ultimate size, but not the numbers, of urchins is limited by the

availability of food. Leighton (1967) found that the same situation existed

in Southern California in areas where food was limited, sud suggesied that

the size of the urchins in the stationary mode of adult urchins reflects the

food conditions. In the very dense bedrock populations at Portugal Cove and




- 74 -

Logy Bay there is no indication of such a buildup of adult urchins of
similar size. Instead there is a steady decline in the numbers with size
which probably represents & natursl =sxtality rate. Food limitation could
possibly contribute tGwards the slow growth rate of these populations.
Ebert's hypothesis may have value in interpreting the very strong mode of
large urchins at 49 mm at Holyrood and the slight buildup at 40 mm on loose

substrate at Portugal Cove.

The diameter: age relationship of S. nudus and S. intermedius as
rveported by Kswamura (1966) and Fuji (1967), respectively, indicates that
growth is much faster in these species to the size of about 35 mm test
diameter, but similar to S. droebschiensis in larger urchins. Studies by
Swan (1961), North (1967) and Ebert {1968) suggest that S. purpuratus and S.
franciscanus grow at a similar rate, or sometimes faster in the first 2 or

3 years.




Field Observations

During the course of this study many field observations were made

on the grazing behaviour of urchins. In the winter months of 1968-69,

there was a heavy settlement of Alaria esculenta at Portugal Cove. Omn

the vest side of the Basin a dense growth covered the bedrock surfaces to a
depth of 3 - 5 feet from the Point to about half way up the mhesin. During
April and May urchin browsing raised the lower limit of Alaria by about 2
fest. On nuxsrous occasions, particularly on calm days, there was an almost
continuous band of urchins, 6 - 14 inches in width, crowded along the bottom
of the Alaria sone (Plate V). By June or July the entire ares iaside the
Point was completely cleared of Alaris and other macrophytes to slightly

sbove low vater level. Alaria was also removed from the pools inside the

Outer Ridge and by the end of August only the stipes of Alaria and Fucus
plants remained. Stipes of grased-off Alaris vers also common in deeper

more exposed areas at the end of the summer (Plate VII).

A similar situation oceurred at Logy Bay vhere a solid sone of larger
urchins was frequently seen destroying the young Alaria plants which had
settled at greater depths further inside the Gulch during the winter. Also,
whenever it was calm, the blades of older plants would hang down along the
walls of the Gulch where they would be anchored and devoured by aggregations

of urchins. The stipes seem to be more resistant to grd zing and are the

last portion of the plant to be utilized.

During periods when there was swell action, these aggregations

vere usually dispersed downwards so that no distinet band of urchins was
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evident. The part water movement plays in protecting the macrophytes
from urchins was displayed on several occasions on the walls of the Narrows.

Plants of Desmarestia viridis and Agarum cribrsum rotated from their pointe

of attachment,and within the circular areas over which they moved no urchins
were apparent; but the normal dense urchin cover (as shown in Plate I)

existed outside thase areas.

Bands of urchins have also been observed around Monostromsa sp. in

the spring. In 1968,there was a luxuriant growth of Desmarestia viridis

on the bedrock ridges =nd outcrops off the Point at Portugal Cove. In
August, though, when it was frequently calm, the urchins weighed down and
consumed this alga (Plate VI). At various times, Portugal Cove congregations
of urchins, with pieces of fucoids wrapped arcund them, were commonly seen
ia the shallow crevices around the Basin. During the summer, there were
masses of urchins gorging om  Alaria which had eollected at the bottom of
the Gulch at Logy Bay. Kusustsov (1946) also reported that feeding on torn-

off algae is & dominating phenomenon during certain times of the year.

At Portugal Cove, vhenever pieces of macrophytes drifted to greater

depths (which were generally devoid of such material) urchins would quickly
devour them (Plate VIII). In July,1968,a large clump of Ascophyllum nodosum

and another of Fucus vesiculosus were anchored on the cobble substrate at

50 feet. After a fev days larger urchins completely covered this material

and after 6 days only a few fragments remained. The ability of urchins to

detect and locate food has baen seen in the lab, Starving urchins are

usually stationary, but when a piece of Laminaria is added their podia soon

become active and the alga is quickly found. On July 5, 1968, a galvanized
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Plates VI

iigh density of larger wrehins at shout 12 fest near the
bottom of tha Alaxia seme on the seawvard side of the Outer Ridge,
Portugal Coeve in September, 1969. The stipess ave the last part of
A. sssulents te be esten and grased-off plants are sommen at the end
of the summer. HNete the grasiang sesrs on the stipes., Mest of the
bedrogk surfaces at this depth are esverai with erustose corallines

and ¢lumps of Corallina offieinalis ave commos. \
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Plate VIIX

The loocse subssrate 2t 33 - 40 feet at Portugal Cove which
{0 deveid of macrephytes other than crustose eorallines which cover
the rock surfaces and Volsells medfiolus. A piece of Desmarestia
viridis has washed dovm and 1s being eatem by urchins whieh have
besn attrested to it.
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vire mesh cage, which excluded larger urchins from a 1 square meter area,
vas set out at 50 feet. Half the area was lined with the heavily coralline
encrusted cobble from that level and the rest with clean cobbles from the
Cobble Beach. On September 10, 1969, one small Agarum plant, 18 cm in
length, was present in the cage. This alga did not occur below 40 feet
outside the cage at Portugal Cove. Ptilota grows poorly on the cobble

substrate but a slightly greater growiin occurred on the Lithothamnion

covered surfaces in the cage. Small spots of crustose algae, a few milli-

meters in diameter, were scattered on the surfaces of the clean cobbles.

Thys the field observations make it clear that grasing, both upon
attached and living macrophytes and upon algal detritus, is an important

activity of 8. droebachiensis.

Food of S. droebachiensis
Gut analyses made on urchins, collected between February 2 and

November 29, 1968,in shallow water at Portugal Cove for gonad samples,

provided information on the diet of this animal (Table II). It was found

that the gut materials reflacted the foods available where the urchins were

collected., Throughout most of the year, small green and yellow-brown pieces

oids and Alaria esculenta) constituted the bulk of

of phasophytes (mostly fuc

the gut contents. In March, though, Momostroma sp. vas very abundant in the

collecting pools. It was in fact the most common material. Small quantities

rred
of Pilayella littoralis (a very coumon epiphyte on the fucolds) also occu

£
fraquently. Covallina officinalis, which wasé abundant in the poole ineide o

£
the Outer Ridge, was scattered and occasionally sbundant in the viscera o

20 - 65 percent of the samples.
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TABLE II: The incidence (X) of the materials most commonly found in the
gut of 8. drosbachiansis in shallow water at Portugal Cove in 1968.

[- 2
N ~ ) &
P8 &8 L
™~ o P
g s & & . 3 & 3
o B ! 3 B OF i
s & F &8 B s & §
Phasophytes
(fucoids and Alaria
csulenta)  65.8% 66.67 95.00 100.00 100.00 100.00 100.00 90.00 100.00
lrom globules of
tend, diatoms
detritus, etc. 12.20 33.33 00.00 10.00 40,00 30.00 30.00 30.00 10.00
Corallina
officinalis 48.78 38.10 63.00 20.00 30.00 40.00 20.00 30.00 60.00

Playella
littoralis,
Urospors spp. ate. 21.95

9.52 10,00 80.00 95.00 350,00 15.00 30.00 0.00

0.00 0.00 0.00 0.00 0.00

Yonostroma ep. 0.00 920,49 5.00 15.00

Ulva sp. 0.00 0.00 0.00 0,00 0,00 0,06 10,00 20.00 10.00 ‘
.00

Ptilota serrata 17.07 3s.10 10.00 0.00 0,00 0.00 0.00 0.00 0

Fragile white 00

calcarecus globules 70.17 66.67 100,00 75.00 65,00 65.00 75,00 0.00 90

Hard eous

“‘P'mm 2.44 0.00 30.00 20.00 5.00 25,00 5.00 0.00 0.00

70.00 10.00 0.00

Balenus balanoides  0.00 0.00  S5.00 20.00 0.00  5.00 ”
60.

.00
¥rtilus eduiis 46.34 38.10 45.00 55.00 20,00 60,00 80.00 80

. 50,00
Small gastropods 12.00 9.52 S5.00 0.0 5.00 0.00 15.00 10.00

WMBER a1 21 20 20 20 20 20 10 10
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Fragile globules of white calcareous msterial, which may originate
from Corallina or from crustose corallines, wers scattered to sbundant in
65 - 100 percent of the urchins and hard calcareous chips, which likely
cane from the latter, were preseant in some urchins. The guts of 6 urchins,

vhich had been kept in a tank for about half a year with Lithothamnion as

the only food, contained little other than the fragile white globules, which

often contained some harder material, and the chips of Lithothamnion. It

is interesting that two of these urchins contained some blue materisl,
apparently scraped from the sides of the fiberglass tank. In a similar
situation starving urchins grased tracks through the painted wood partitions
vhich separated them in a holding tank. Soft brown globules, consisting of

such materials as sand, diatoms and detritus, were common in up to 40 perecent

of the Portugal Cove samplas.

Ptilots serrata was only present in February through March, vhen .

it vas commonly washed in from greater depths. Urospora spp. vere scattered

in a few individuals during the spring months and Ulva sp. was present in

the fall,

The incidence of small Mytilus edulis, mussel fragments and the shiny

byssal fibers vas 20 - 60 percent in the samples from the pools, but 60 - 80

percent in urchins from along the east side of the Point. Small Balanus

als
-12.!!.‘_';9_1!_01. and fragaents of the same, usually occurred in only a few individuals,
hovever, they were present in 70 percent of the September sample. Mussels

and barnaclas were usualiy present in small quantities but in 2 few instances

they predomineted. A few osmall gastropods (Lacuna vinctsa and littorinids)

usually occurred in a few individuale cach mezth, and in Novenber were present

in 50 percent of the sample. ‘



- 83 -

Fragments of ambulacral plates, Polysiphonia 8pp., wood and other

vascular plant tissuaes, feathers, bryozoans and nudibranchs were only

observed infrequemtly.

On July 3, 1968, 3 urchins from 50 feet at Portugal Cove contained

mostly hard white or pinkish calcareous chips, undoubtedly from Lithothamnion

nodules. Pragile white globules and Ptilota were common in all 3 and soft
detritus globules and a filamentous green each occurred in only one individual,
Seven urchins,collectead from 30 feet at Logy Bay on July 8,containad pieces

of Alaria in abundance and smaller amounts of fragile white globulas. Shiny
fibers, probably from mussels, were found in 2 individuals and Ptiiota was
present in 1 urchin. Ptilota was the main material im 4 urchins from 80

feet on bedrock where this alga was growing.

When urchins and sand dollars, Echinarachnius parma, were put in
the same tank in the laborstory the latter were readily preyed upon by the
urching. The spines were first grased from the sand dollar test, particularly
along the edge of the test, and aventually a hole vas eaten through the
apical region (Plate XB) This situation may occur in areas, for example

Salmonier Arm, St. Mary's Bay, where these species sre found together on

sand,

Dawson (1868), Scott (1901) and Weese (1926), have examined the

gut contents of S. drosbachiensis in North America and they agree that this

It is interesting that they, but not
its food

animal i{s principally a plant aater.

the Furopean workers (below), have indicated that the urchin forms

into small globular pellets as was observed in the Newfoundland examinatioms.
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Weese (1926) studied the urchins at Friday Harbor, Washington,
and found the digestive tracts of the urchins there contained mostly Ulva,

Zostera and Fucus. Urchins as deep as 250 m alsoc contained plant material

from shallow water and thus he noted that the vertical distribution of
urchins was not limited by where their foods grow, as is the case with

terrestrial animals, since wvater movements distribute their foods.

Macrophytes must have been absent where Dawson (1868) collected his
urchins at Tadoussac, Quebec, since spibenthic nicrophytes were the main

food material in his observationms.

Scott (1901) made extensive examinations of urchins from several
habitats in the St. Andrews Region, N.B. and ascertained that this urchin's
diet depends on the foods available in the specific environment in which
it is found. Urchins nesr fucoids and laminarians ware filled with small,

1 -2 om, pieces of these seaveeds and urchins not near macrophytes contained

globular masses chiefly made up of sand, diatoms and other microphytes.

Although fish are not commenly part of the urchin's diet, Packard

(1893) and Secott (1901) record that they are readily devoured when present,

1.e, around fishermen's wharfs. I hava also observed this in Newfoundland

and in such instances urchins usually show a preference for fish over

seaveeds. Large quantities of capelin (Mallotus villosus) may be consumed

by urchins when they come to the coast to spawn in June and July.

In Danish waters, Blegvad (1915) and Jensen (1915) found that plant

t of
uaterial (particularly Zostera) vas the principal material in the gut o

re
S. droebachiensis and that epiphytic bryoszoans, sponges and hydroids we
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slso common. Small gastropods, aphrodites, gammarids, small barnacles,
Ophioglypha spp., and ascidians wers present only in small quantities. In
Norway, Awerinzew (1911) tried (unsuccessfully) to relate the reddish or

purplish colouration of some urchins to the Lithothammion substrate oﬁ which

they were found. Similar colour variation has also been seen at Friday
Harbor (Weese 1926) and in Newfoundland. Kusnetzov (1946) made gut analyses
of urchins from the shallow water in the esstern Murman and found that the
littoral and sublittoral algae were predominant. He also recognized
seasonal variation related to the foods availsble in the diiferent seasons.
In the summer Laminaria saccharina was very abundant and urchins fed mainly
on this alga, but in the fall vhen Laminaria became less common along the

coast Desmarestia aculeata, Fucus and Urospora became important constituents

in the urchin’s diet.

Eichelbaum (1910) and Mieleh (1922) found that hydroids, polycheates

and sponges vere predominant (macrophytes were rars) and concluded that S.

drosbachiensis vas primarily a predator. It is likely that the specimens

they examined were some distance from large algae, perhaps in deeper water.

Thess numerous observations mske it clear that plant material,

Particularly macrophytes, ara the principal food of S. droebachiensis.

However, smaller quantities of slow moving or sessile animals and carrion

1 t
sre regularly ingested along with plant material or when algae are no

&vailable.
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Feeding Experiments

Feading Under Light : Dark Periods

From April 20 to 30, 1969, 20 and 50 mm urchins were studiad under
alternating 12 hour 1light (200-400 1lux): 12 hour dark periods. The water
tenperature varied from 1.2 to 2.0°C. There 1s litele difference in the
anount of food eaten in the 1light and dark periods (Table I17), but the
mean amount of faeces excreted is greater during the light intervals. The

latter difference is not significant (P = < 0.05).

Effect of Size on Feeding

Feeding abilities of 7 size groups of urchins on Laminaria spp.
vere iuvestigated from February 10 to 22, 1969, when the water temperature
wes 1.0 - 1.5°C. The zesults of this study are in Appendix VI. The
relation of the smount of food eaten (c), the amount of faeces excreted
(f), and the fecding rate to test dismeter (d) are shown in Piguze S.

When the values are plotted against test diameter on log-log graph paper

thesa relationships are linear, with the exception of the consumption rate

{(¢) of 10 mm urchins, Hewaver, this is likely an error since the method

employed 13 only capable of giving a rough estimate of the amount of food

eaten by such small urchins. The equstions of these lines, which are shown

in the figures, as derived by the mathod of least squares from the data on

20 to 70 mm groups, are as follows:
23 x d2.0970
Food eaten (mg wet weight)/urchin/day ¢ = 0.23 "
2,5
Faeces excreted (mg dry weight)/urchin/day £ = 0.0022 xd
-0.7528
= 87 xd
Feeding rate (2) r 30.87



TABLE III: Feeding asbilities of two size groups of urchins under alternating light : dark periods

during April 20-30, 1969. (Water temperature 1.2 -~ 2.0°C).

12 HOUR LIGHT PERIOD 12 HOUR DARK PERIOD
(200 - 400 1lux)

X FoOD X PAECES X FOOD X FAECES
Size Group EATEN SE N EXCRETED SE K EATEN SE N  EXCRETED SE N
19.0 - 20.9 59.71 5.02 8 5.14 0.45 9 67.75 10.64 10 3.66 0.23 9

49.0 - 50.9 324.99 30.19 9 21.00 1.66 9 320.24 29.11 10 13.45 2.01 10

f
FOOD EATEN FAECES EXCRETED L]
ngs (WET WEIGHT) mgs (DRY WEIGHT) FOOD EATEN ASSTHMILATION '
URCHIN/DAY JURCHIN/DAY URCHIN WEIGHT EFFIGIENCY
X SE X X SE R __(gms X) (€9)
19.0 - 20.9 119.90 8.61 8 8.76 0.51 9 3.19 23.80
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