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GROWTH AND VARIATION IN SEA URCHINS OF YORK, 
MAINE 1 

EMERY F. SWAN 

Department of Zoology, 
University of New Hampshire 

ABSTRACT 

From a three square meter plot of intertidal shore on a rocky point of York, 
Maine, sea urchins (Strongylocentrotus droebachiensis) were collected on June 28 and 
29, 1957 for study of their size-frequency distribution. Test height, test weight, 
number of wedges in the spines, number of pore-pairs in the ambulacral arcs, num-
ber of ocular plates insert, and number of coronal plates have been related to test 
diameter. Evidence indicates that the population probably consists of four year-
cla.sses, with relationships of height and weight to diameter apparently different 
for ea.ch year-class. The mean number of wedges in the spines increases with the 
size of the individual. The increase in the number of ambulacral plates is more rapid 
than that of the interambulacrals. After the urchins have attained about 11 mm 
(test diameter) there is little if any increase in number of ocular plates insert. Be-
tween test diameters of 8 and 50 mm there appears to be no significant change in 
the mean number of pore-pairs per ambulacral arc, which for this population appears 
to be higher than the figures given by Vasseur ( 1952) for any of the four Scandinavian 
localities he observed. 

INTRODUCTION 

Data concerning the characteristics and variations of a species 
within a limited area of relatively uniform environmental conditions 
are essential as a basis for the study of variation within that species. 
One of the most variable species or species complexes among inver-
tebrate animals inhabiting the rocky bottom of northern seas is the 
sea urchin, Strongylocentrotus droebachiensis (0. F. Muller), and many 
attempts have been made to subdivide this complex. Agassiz (1872-
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1874) stated that he was " unable to distinguish more than one spe-
cies of Strongylocentrotus in the circumpolar specimens thus far 
collected." There still remain named species whose status is doubted, 
some of which are S. echinoides Agassiz and Clark (1907), S. sacha-
lini cus Doderlein (1906), and S . pallidus (Sars) (1871). Mortensen 
(1943: 215-222) has discussed the status of the first two; more 
recently Vasseur (1951, 1952) has compared S . pallidus with S. droe-
bachiensis and has shown that the extent of differences between the 
two varies geographically. 

The immediate aim of this study is a determination of several 
mensurable and meristic characteristics and the extent of their 
variation within a collection of S. droebachiensis taken from a lim-
ited area on two successive days. Such data may serve as a basis 
for comparative studies involving geographic variation, habitat 
differences, changes associated with growth, and for possible clari-
fication of differences between this and related species. Following 
such studies, investigation of causes of variation should be possible. 
Feasibility of such studies is suggested by the fascinating work of 
Shearer, et al. (1914) in their hybridization studies with the genus 
Echinus (including what is now known as Psammechinus). 

Although the present study was carried out on the Atlantic Coast, 
the stimulus was provided at Friday Harbor Laboratories of the 
University of Washington where students repeatedly asked whether 
the light-colored, long-spined sea urchins taken occasionally in the 
collections were of the same species as the green S . droebachiensis. 
It is a pleasure to express appreciation here to Dr. Thomas G. Thomp-
son, who made it possible for the author to spend much time at 
Friday Harbor Laboratories and to take advantage of their readily 
available dredging facilities. For his continued interest and 
encouragement I wish to express appreciation to Dr. G. M. Moore of 
the Department of Zoology of the University of New Hampshire. 

METHODS AND COLLECTIONS 

The characteristics chosen for study were size-frequency distrib-
ution, height and weight of test, number of plates in the ambulacra 
and interambulacra, arrangement of apical plates, number of wedges 
in the spines, and number of pore-pairs in the ambulacral arcs. 
These have been related to diameter of test (hereafter referred to 
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simply as diameter), the basic criterion of size, with the aim of 
demonstrating possible differences in these relationships. 

For numerous reasons it seemed desirable to obtain the collection 
from a locality where the population is relatively dense and where 
the size range of individuals is quite varied. Such a situation was 
found near the southeast corner of the island on which Nubble 
Light off Cape Neddick is located (in the township of York, Maine, 
at 43°09'40" N and 70°35'31" W). Insofar as possible, all sea ur-
chins available in an area 3 x 1 meters were collected during the 
morning low tides of June 28 and 29, 1957. The greater part of the 
area was about one foot below mean low water, but some crevices 
extended to as much as 11/2 feet below this. Because of the rough-
ness of the bottom and its algal cover, the effective living surface 
far exceeded three square meters and was greater for small urchins 
than for large ones. 

The most conspicuous algae of the area were the small reds, in-
cluding encrusting and frondose corallines, and the brown Alaria 
esculenta (L.) Greville. At higher tide levels Fucus edentatus De la 
Pylaie dominates. This assortment is characteristic of relatively un-
protected coasts. 

About mid-June 1957 some 600 small urchins ( < 15 mm in dia-
meter) had been collected for study in and around the 3 square 
meter area sampled two weeks later. Also, we learned subsequently 
that each year a considerable number of the large urchins are col-
lected from this vicinity for human food. Thus our collection does 
not represent an unmodified population. Another factor to be con-
sidered when attempting a complete collection of any species from 
an area is the smallest size at which individuals can be detected. 
Although very small urchins are nearly white and difficult to see, 
about two dozen specimens, ranging from considerably less than 
1 mm to about 1 ½ mm, had been taken within a few minutes on 
June 29, 1953, in the same area. Failure to find a single specimen in 
this size range in 1957 may well suggest their scarcity. 

DENSITY OF POPULATION AND GROWTH RATE 

Altogether 1305 whole specimens were collected and dried, the 
spines removed, and the test diameters measured. No individuals 
were found with diameters of less than 3 or more than 57 mm. The 
specimens were grouped in 2 mm classes as follows: 
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2.0- 3.9 - 11 16.0-17.9 - 40 30.0-31.9 - 41 44.0-45.9 - 14 

4.0- 5.9 - 74 18.0-19.9 - 44 32.0-33.9 - 32 46.0-47.9 - 10 

6.0- 7.9 -133 20.0-21.9 - 83 34.0-35.9 - 29 48.0-49.9 - 5 
8.0- 9.9 -138 22.0-23.9 - 86 36.0-37.9 - 22 50.0-51.9 - 6 

10.0-11.9 -125 24.0-25.9 -107 38.0-39.9 - 10 52.0-53.9 - 8 
12.0-13.9 - 85 26.0-27.9 - 78 40.0-41.9 - 16 54.0-55.9 - 2 
14.0-15.9 - 39 28.0-29.9 - 58 42.0-43.9 - 8 56.0-57.9 - 1 

Examination of the size distribution (Fig. 1) indicates fairly 
distinct modes for the 8.0-9.9 and 24.0-25.9 classes and possible 
modes at 40.0-43.9 and 52.0-53.9 mm. These modes may represent 
maximum frequencies in year-classes. 

From a study of collections dredged in Folden Fjord on the Nor-
wegian Coast in July and August of 1923 (Gronlie and Soot-Ryen, 
1925), Grieg (1928) has assumed that the mode at 5-6 mm diameter 
represents individuals from the previous year's spawning. Although 
the spawning period off Maine varies from year to year and lasts for 
several months, it generally has its peak in late winter or in the 
spring (Agassiz, 1864; 1872-74). In the above tabulations it is not 
clear whether the mode at 8-10 mm represents the modal size of 
individuals that have developed from eggs spawned early in 1957 
or from spawn of the year before. Before an answer can be found, 
further data are needed concerning spawning, the time between 
spawning and metamorphosis, and the rate of growth of the small 
imagines. When one considers the length of the spawning season 
and the varying growth rate among individuals, the range in size 
of this class, from 3 to about 16 mm, is understandable. 

That the mode at 24-26 mm represents the next year-class is 
probable. Even though no comparison of the environmental con-
ditions of the coast of Maine and Folden Fjord has been made, it 
is notable that Grieg (1928) found a strong mode at 23, and although 
he suggests a year-class centered at about 11) mm, his data scarcely 
support his contention. 

As noted, clearly defined modes were not found for the large sizes. 
This may be due to inadequate sampling or to an increasing over-
lap of classes with growth. Whether or not individuals of this species 
continue to grow in size as long as they live is still a question. If 
they do not, certainly this method would offer no solution for the 
determination of groups beyond the cessation of growth. 
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RELATIONSHIP OF TEST HEIGHT TO DIAMETER 

Mean heights (vertical diameter as defined by Clark, 1907: 177) 
for groups of specimens of limited ranges of diameter are given in 
Table I and Fig. 1. Inspection shows that the plotted points fall 
into four groups, each of which makes up a more or less definite 
straight line. The diameter ranges represented by these lines 
approximate 4-15, 17-30, 37-45, and 52-55 mm. If these figures are 
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Figure I. Number of animals, test heights and test weights, of sea urchins from York, 
Maine, plotted against test diameter. 
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compared with size-frequency distribution, it is seen that the 8.0-
9. 9 mm mode is not far from the center of the 4--15 mm range, and 
the 24.0--25.9 mm mode likewise is fairly close to the center of the 
second line. It appears possible, then, that the lines between 37-45 
and between 52-55 mm represent age classes suggested by the 
poorly defined modes of the 40--44 and 52-54 mm groups referred 
to in the previous section. If these correlations are justified, these 
data suggest that each year class in this population has its own 
relationship of diameter to height. 

NUMBER OF CORONAL PLATES AT 
DIFFERENT DIAMETERS 

The mean number of coronal plates per row-both ambulacral 
and interambulacral-for groups of specimens of limited ranges of 
diameter are presented in Table I and Fig. 2. These data reveal 
that, at a diameter of 4 mm, individuals of this population have 
approximately the same number of ambulacral and interambulacral 
plates and that ambulacral plates are added more rapidly than 
interambulacral plates. 

Thus the mean number of ambulacral plates increases progressively 
with each size group whereas the interambulacral plates increase 
less regularly so that at the two largest sizes their number is essen-
tially the same. According to Hsia's ( 1948) findings, for at least some 
species of regular echinoids, additional coronal plates are not added 
after a certain diameter is attained. Two circumstances, however, 
suggest caution before it is concluded that our data support Hsia's 
concept. Our evidence consists of only a single point, with the 
maximum sizes included here falling far below those recorded for 
the species. Also, as noted before, the larger urchins are collected 
regularly for food from the sampling locality; it is possible, then, 
that we may be below the potential size maximum for this area. 

The possibility that the number of ambulacral plates continues to 
increase beyond that of the interambulacral plates suggests a pat-
tern that is similar to the more strongly marked situation found by 
Durham ( 1955: 85-90) for sand dollars. His studies show that, for 
at least some of the species, plates cease to be added to the inter-
ambulacral areas very early while plates are probably added to the 
" petals" as long as the animal lives. 
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Clark (1948: 289) suggested that environmental factors may 
affect the relationship between the number of coronal plates and the 
diameter in S. franciscanus (A. Agassiz). 

ARRANGEMENT OF APICAL PLATES 

Although both Jackson (1912) and Vasseur (1952) have suggested 
that the arrangement of genital and ocular plates varies among 
populations and that this variation is related to environmental 
factors, neither worker has devised a quantitative method for 
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Figure 2. Number of wedges per spine (over-all mean), coronal plates, oculars insert, 
and ambulacreJ pore-pairs per arc at various test diameters. 



512 Journal of Marine Research [17 

TABLE I. HEIGHTS, WEIGHTS, AND NUMBEB OF C ORONAL PLATES AND PORE-

,-Diameters - mm ,- Heights - mm ,-Teat Weights - g 
C.V.* Range Mean C.V.* Range Mean C.V.• No. Range Mean 

7 53.2-56.9 54.6 2.6"1o 23.4-30.8 27.0 10.9 °lo 9.6--14.4 11.1 

10 50.2-52.9 51.9 1.5 20.9-29.6 25.3 11.7 9.07-11.48 9.87 

10 46.0--47.8 46.8 1.5 22.2-25.8 24.0 5.7 6.53-8.79 7.82 

10 44.0--45.8 44.9 1.5 19.0----26.2 22.7 9.9 5.31-8.23 6.80 

16 40.1-41.8 40.7 1.3 17.5--23.7 20.4 10.7 3.85--5.49 4.75 

15 37.1- 39.0 37.7 1.5 15.8--23.0 18.8 11.1 3.22-4.79 3.84 

20 34.4-35.9 35.2 1.3 16.1-21.5 18.5 6.9 2.78--3.78 3.20 

20 31.6--33.5 32.6 1.8 16.1- 21.6 17.9 7.8 2.20----3.30 2.66 

20 29.0----30.9 30.1 1.9 14.5--17.5 16.0 5.0 1.65--2.42 1.96 

20 27.0----27.9 27.5 1.0 13.4-16.2 14.6 4.8 1.29-1.78 1.52 

20 24.7-25.6 25.2 1.0 11.9-14.3 13.0 5.2 1.06--1.38 1.20 

20 22.0----22.9 22.5 1.6 10.2-12.6 11.5 5.7 .766--1.001 0.859 

20 20.0----20.9 20.5 1.6 9.0----11.6 10.2 6.7 .548--.795 0.659 

20 l 7.0----18.0 17.4 2.0 7.1-10.2 8.6 9.7 .308--.563 0.383 

18 14.6--15.5 15.0 2.4 6.6--7.7 7.0 4.6 .183-.332 0.236 

20 12.0----12.9 12.5 2.3 5.5--6.2 5.9 3.6 .112-.169 0.137 

20 10.0----11.0 10.5 2.9 4.5--5.5 4.9 6.1 .0692-.1139 0.0882 

20 8.1-8.9 8.5 3.3 3.6-4.4 4.0 5.0 .0418--.0608 0.0502 

20 6.0----7.5 6.9 4.8 2.8--3.6 3.2 6.3 .0171- .0376 0.0296 

10 3.5-4.5 4.0 8.8 1.6--2. l 1.8 10.6 .0046--.0095 0.0065 

* C.V. = coefficient of variation. 

expressing the arrangement of these plates. Jackson indicates that: 
1) the smallest imagines normally have no ocular plates insert (i.e. 
all of t hese plates are exsert or are occluded from the periproct by 
the abutting bases of the genital plates); 2) at somewhat larger sizes 
ocular I becomes insert, and in the vast majority of specimens the 
characteristic adult arrangement with oculars I and V insert is 
acquired soon thereafter; 3) some specimens progress beyond this 
when more than two oculars become insert--not uncommonly ocu-
lars I, V and IV (or I, V and II as a frequent alternate), rather 
rarely I, V, IV and II, and very rarely all oculars; 4) among adults, 
arrested development occurs with only ocular I being insert, or in 
rare cases with none of the oculars insert; 5) in addition to this 
regular sequence, occasional specimens have "aberrant" (cf. Jack-
son) arrangements of these plates. Thus it would appear that the 
number of oculars insert is one matter and that the number of 
specimens with aberrant arrangements of these plates is another. 

15.3°1, 
9.6 
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11.2 
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26.2 
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I PAIRS AT ASSORTED DIA.METERS FOR SEA URCIDNS OF YORK, MAINE 

' ,-Ambulacral Plates-....., , I nterambulacral Platea , Pore Paira/Ambulacral A rc 
I Range Mean a. v.• Range Mean o.v.• Range M ean a 

31.0-35.2 32.8 4.4°1o 21.3-23.9 22.2 4.5 °lo 5.01- 5.72 5.28 ± 0.32 
I 28.6-33.9 31.8 4.4 20.9-25.0 22.3 5.6 5.13-5.86 5.33 0.24 

28.2-31.5 30.0 3.5 19.8-22.1 20.9 3.3 5.14-5.90 5.50 0.29 
I 27.2-30.5 29.0 4.8 18.7-21.7 20.3 4.5 5.02-6.00 5.57 0.32 
I 25.3--28.6 27.0 3.7 17.9-20.8 19.2 4.1 5.03-5.94 5.55 0.26 

23.6-29.3 25.7 5.9 17.3-20.2 18.6 3.9 5.22-6.21 5.61 0.25 
23.0-29.6 25.6 6.2 17.1-20.2 18.7 4.8 5.02-5.88 5.45 0.29 
23.1-26.2 24.4 4.4 16.8-19.1 17.9 3.7 4.99- 5.93 5.56 0.24 
21.5-24.9 23.1 4.2 15.2-19.0 17.3 5.3 5.02- 5.86 5.42 0.26 
20.7-23.7 22.4 3.9 15.9-18.1 16.9 3.5 5.01- 5.90 5.47 0.29 
19.7-22.4 21.0 3.8 14.8-17.2 16.0 4.1 5.01-5.94 5.38 0.27 
18.0-21.2 19.6 4.9 13.8-16.3 15.3 3.8 5.01-5.92 5.47 0.32 
17.6-20.3 18.9 3.8 13.8-16.6 14.8 4.4 5.00-5.86 5.38 0.25 
l4.!H8.9 16.9 7.8 12.4-14.7 13.4 4.6 5.02-5.94 5.42 0.24 
13.8-16.6 14.8 4.7 11.8-13.1 12.5 2.9 5.21-6.00 5.56 0.21 
12.7-14.3 13.5 3.1 11.0-12.5 11. 7 3.4 5.01-5.96 5.49 0.26 

I ll.0-12.9 11.8 4.5 9.9-11.2 10.6 3.4 5.00-5.88 5.58 0.24 
10.l-ll.9 10.8 3.9 9.5-10.5 9.9 3.1 5.00-5.93 5.39 0.25 

I 8.5-10.3 9.5 4.4 8.4-9.5 8.9 3.1 4.90-5.73 5.29 0.23 
I 6.l-7.6 6.9 7.8 6.1-7.4 6.9 6.1 4.57-4.93 4.74 0.ll 

In Table II , in addition to a listing of the number of specimens 
with their va.rious plate arrangements, the mean number of ocular 

11 plates insert and the percentage of aberrant arrangements are given. 
o 11 mm is considered the diameter at which the adult characteristic 
11 is attained, because nowhere above that size was any continued 
rt1 change in mean number of plates insert observed. The mean number 
g of ocular plates insert at various diameters is shown in Fig. 2. The 

fact that the point for specimens between 10.0 and 10.9 mm in 
diameter falls below the curve suggests that 11.0 mm may actually 
be slightly too low a figure. 

11 Because of the relatively small number of specimens in some of 
the small size groups, it seemed desirable to supplement these data. 

11 As mentioned earlier, some 600 small individuals had been collected 
I about mid-June 1957 from the same general location of the 3-meter 
11 collection area. Of the 276 which had been dried, 41 were between 
k 10 and 11 mm in diameter and had a mean number of oculars insert 
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of 1.87. In the diameter range of 4-7 mm there were 198 specimens 
with a mean number of 1.39 oculars insert. In the other size groups 
there were insufficient specimens for statistical analysis; even so, it 
should be pointed out that all eight specimens having diameters 
between 3 and 4 mm had only ocular I insert. 

TABLE II. SUMMARY OF DATA PERTAINING TO OCULAR PLATES INSERT AMONG 
THE SEA URCHINS OF YORK, MAINE 

Test Dia- No. 
I&: V 

A.A.t N.&:A .A.tt Unde- Mean Percent 
I 

meter(mm) Spec. 2 plates 3 plates termined* No. Aberrant., 

11-57 881 14 838 I, II-2 I, V, IV-12 8 2.00 1.1 
I, IV-2 I, V, II-3 
V,IV-2 

10---10.9 68 9 58 l,IV-1 0 0 1.87 1.5 
7- 9.9 205 51 152 I, IV-1 I, V, II-1 0 1.76 LO 
4- 6.9 40 93 43 I, II-2 0 2 1.33 1.6 

3- 3.9 11 10 0 0 0 1 1.0 

t A. A_ = Aberrant Arrangements. 
tt N. & A. A. = Normal and Aberrant Arrangements. 
• Ocular plates insert are listed as undetermined when: a) the apex of the spec-

imen was damaged in such a way that the arrangement could not be seen, b) the 
specimen was not pentamerous, c) apical plates were subdivided in such manner 
that it was impossible to tell to which plates the insert portions belonged, and 
d) ocular and genital plates were fused together. 

Comparison of all of these data with those compiled by Jackson 
(1912) indicates that the adult characteristic with respect to ocular 
plates was reached at a somewhat smaller size in this population 
than in Jackson's series from Dumpling Islands, North Haven, 
Maine. Also, it appears that in this population the average number 
of oculars insert for adult specimens is somewhat above that found 
in the Dumpling Islands series. Comparison of Jackson's findings 
from his study of 2700 specimens from York, Maine, with our data 
for the late June collections shows the closeness of our mean number 
of 2.00 oculars insert for 881 specimens with 2.01 for Jackson's 2700. 

According to Jackson (1912) and Vasseur (1952), some localities 
have populations that are characterized by quite different mean 
numbers of oculars insert. In a later paper Jackson (1914) reported 
more marked differences in genera other than Strongylocentrotus 
from waters to the south. Mayr (1954) has noted these later :findings 
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of Jackson (1914) but has given no evidence as to whether the dif-
ferences were genetic or environmentally induced. 

TEST WEIGHT 

Mean test weights at various diameters are given in Table I and 
Fig. 1. As is often the case when weights are plotted against the 
linear dimension of an animal or organ, weight increases at an in-
creasing rate with increase in linear dimension. Since data of this 
type often yield a straight line when plotted logarithmically, such 
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Figure 3. A Jog-log plot of test weights t/8. test diameter for sea urchins of York, Maine. 



516 Journal of Marine Research (17 

a plot is shown in Fig. 3. Here, however, the result is not a single 
line but four rather well defined ones ; in test diameter ranges these 
correspond fairly closely with the four lines in the linear plot of 
test height vs. diameter and with the four age classes suggested by 
the size-frequency distribution. Well defined series of lines rather 
than a single line have also been observed (Swan, 1952a) in similar 
plots of weight vs. shell length in the clam Mya arenaria L. 

WEDGES IN THE SPINES 

Mortensen (1943), in his diagnosis of species of Strongylocentrotus, 
consistently included the number of wedges per spine. Thus S. droe-
bachiensis is generally reported to have primary spines with 18 to 
26 wedges. Furthermore, according to Mortensen, Mackintosh (1883) 
has figured a spine from this species with 31 wedges and Packard 
(1863) has indicated that in Greenland specimens there are fewer 
flutings in the spines "from either end of the shell" than in Labrador 
specimens. For both S. echinoides and S. sachalinicus, Mortensen 
has listed the number of wedges per spine as approximately 20. 
Vasseur (1951) indicated that S. droebachiensis has about 24 wedges 
and S. pallidus about 18 per spine. 

Gordon (1926) and others have studied the development of the 
skeleton in various regular sea urchins and have shown that the 
first spines of the metamorphosed individuals are 6- or 4-radiate; 
however, little attention has been given to the variation in the 
number of wedges in the spines from animals of different sizes or 
from different parts of the same animal. 

A beginning has now been made toward filling this gap. Because 
the spines to be examined had to be removed before a specimen 
could be studied for other characters, specimens for this phase of 
study had to be chosen early and without benefit of experience. 
The chief primary spines of ten specimens from each of eleven 
arbitrarily chosen size groups were removed from each plate of 
ambulacral radius 2b and from the ambitus (i .e., around the greatest 
circumference of the test). These were arranged and stored so that 
the origin of each spine was known. Later they were broken off and 
their wedges were counted. Earlier examination of a few specimens 
(Swan, 1952 b) suggested that the spines nearest the peristome 
generally had the least number of wedges and that the number of 
wedges per spine averaged less for small animals than for large 
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ones. A summary of the findings is given in Table III. In taking the 
averages for row 2b, the five spines nearest the peristome were 
separated from those nearest the apex. The spines near the peri-
stome have a much lower number of wedges on an average than the 
spines near the apex. For each specimen the mean number of wedges 

TABLE m . NUMBER oF WEDoEs rn SPINEs oF SEA URcHINs FROM YoRx, MAINE 

Mean Number of Wedges , Dwmeters (mm), 
Ambital Row 2b, excepting Row 2b, the Range Mean• Over-all 5 nearest mouth 5 nearest mouth 

51.3-56.9 53.5 28.2 29.4 17.9 28.8 
41.~7.l 44.9 27.l 28.l 16.9 27.6 
36.5--41.0 39.6 26.4 28.0 16.5 27.2 
33.8-35.7 35.0 26.8 28.3 15.3 27.6 
28.0-32.0 30.l 26. l 27.8 14.6 27.0 
24.4-26.0 25.l 24.3 26.6 14.3 25.5 
20.0-20.8 20.3 23.2 25.7 14.8 24.5 
14.6-16.5 15.7 21.3 25.5 13.6 23.2 
10.0-11.0 10.3 19.7 24.4 13.l 22.l 
6.0- 7.5 6.9 16.3 22.7 11.9 19.5 
3.5- 4.5 4.0 12.9 19.5 10.4 16.2 

• Each group consists of 10 specimens. 

of the ambital spines was averaged with the mean number of wedges 
of the spines from row 2b (excluding those from the five spines 
nearest the peristome). These over-all averages are plotted in Fig. 2. 

While the numerical range of wedges per spine in individuals and 
in groups has not been summarized, in many small specimens the 
primary spines on the plates next to the peristome contained only 
6 wedges. The greatest number of wedges on any single spine was 
48; this is far above the usual number for this species and probably 
represented the count on a regenerated spine (Swan, 1952 b ). 

As the size of an animal increases there is an upward trend in 
the average number of wedges per spine, with the rate of increase 
decreasing toward maximum size. Because of the low maximum 
size of animals studied, it is not known whether this increase con-
tinues throughout an animal's life or ceases at some size below 
maximum. The irregularity of the points determined cannot now 
be explained, but studies of more specimens with size groupings 
having lower internal range might prove rewarding; the possibility 
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of irregularities in slope or rate of change in slope relative to age 
classes should be examined at the same time. 

PORE-PAIRS IN THE AMBULACRAL ARCS 

Vasseur tacitly assumed that the mean number of pore-pairs per 
arc was independent of the size of an animal after it had six plates 
per ambulacral row (Vasseur, 1951: 7, 8, table 3). Using Vasseur's 
system, similar observations were carried out on series of specimens 
of limited size ranges ; the data so obtained are presented in Table I 
and Fig. 2. 

In all size groups except those above 50 mm or below 8 mm in 
diameter, the mean number of pore-pairs per arc falls within ± .12 
of 5.50. In view of the fact that the standard deviations of the means 
for the individual groups ranged from ± 0.21 to ± 0.32, it appears 
unlikely that the fluctuation between groups within the range of dia-
meters considered is significant. 

The following facts suggest that the low value obtained for spec-
imens with diameters of only 3.5-4.5 and a mean of 4.0 mm is real 
and significantly different from the others: 

1. the value of 4.74 is below the next value by five of its standard 
deviations (± .11 mm); 

2. alignment of this value with the next two points suggests a 
consistent trend; 

3. in other populations, similar studies show the same sort of 
situation; 

4. the mean number of pore-pairs for specimens of the 10-11 mm 
group, if determined on the basis of the 4th, 5th and 6th 
plates from the peristome, is only 4.81. This last fact strongly 
suggests that the plates used in determining the pore-pair 
number for specimens with only six ambulacral plates per row 
are so close to the peristome that they do not have the charac-
teristic number of pore-pairs which the individual acquires 
at a larger size. 

It is not clear that the downward taper in this number at the 
largest sizes is real, but again alignment of the four groups having 
the largest diameters shows a consistent downward trend, and in 
other populations where similar studies have been begun the same 
sort of situation exists. 

The frequency of different mean numbers of pore-pairs in 289 
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specimens with diameters between 8 and 48 mm is presented as a 
histogram in Fig. 4. Comparison with Vasseur's (1951, 1952) histo-
grams of comparable data for four Scandinavian localities shows 
that our population falls more nearly as a normal curve than Vas-
seur's, with 5.0 close to the low extreme; the Scandinavian localities 
tend to have a maximum number of individuals with a mean value 
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Figure 4. Number of specimens having various mean numbers of smbulscrsl pore-pairs 
per &re, bBBed on 289 sea urchins with test diameters between 8 o.nd 48 mm from York, 
Maine. 

of 5.0, with more individuals having values above 5.0 than below, 
possibly excepting the collection from Kristineberg, Sweden. At 
Troms0, Norway, where Vasseur obtained his highest values, the 
arithmetic mean of his plotted values is 5.35 compared to 5.45 at 
York, Maine. Thus it appears that the number of pore-pairs tends 
to be higher in Maine specimens than in those of Scandinavia. It 
is not known whether this is an ecologically induced or selected 
difference. Mortensen (1943: 205-206) has stated, "The specimens 
from the Straits of Georgia [between Vancouver Island and the 
mainland of British Columbia at 49-50° N and connected with the 
North American side of the Pacific Ocean] appear to have fairly 
constantly 6 pore-pairs." This might suggest a geographic trend 
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from about 5.0 in southern Sweden to higher values northward and 
westward across the Atlantic and Arctic. Knowledge of the situa-
tion on Siberian shores would be of much interest. One should realize 
that Mortensen did not use Vasseur's system and that even though 
he recognizes S. echinoides as a species separate from S. droe-
bachiensis, there is no evidence that he analyzed the distinctions be-
tween them to the extent that Vasseur did for S. droebachiensis 
and S . pallidus. Thus admixture or confusion may exist. In fact, 
Swan (1952c), when studying material from just south of the Strait 
of Georgia, found mean numbers of pore-pairs as follows: 5.40 to 
6.63, with a mean of the mean of 5.99 for S. echinoides; 5.20 to 5.98, 
with a mean of the mean of 5.63 for S . droebachiensis. 

CONCLUSION 

The relationships between test diameter and height and weight 
show four rather distinct series of points. These suggest that each 
year-class has its own relationships in these respects. At a mean 
diameter of 4.0 mm, specimens have approximately the same mnn-
ber of interambulacral plates as ambulacral plates, but thereafter 
the ambulacral plates increase more rapidly than do the inter-
ambulacral plates. In this population the characteristic number of 
ocular plates insert for the adult appears to be attained by the 
time individuals have reached a diameter of 11 mm or shortly there-
after. The mean number of wedges in primary spines increases at a 
decreasing rate with increased size of the specimen, and at maximum 
size (for this sample) it reaches 28.8. The frequency-distribution of 
numbers of pore-pairs per arc approximates a normal distribution 
and has its mode at about 5.40. The arithmetic mean for these 
specimens is 5.45. 

For those seeking pregedence in the use of other characteristics, 
reference is made to the papers heretofore cited and especially to 
the dynamic studies of Moore (1934, 1935, 1937) on Echinus escu-
lentus L. The great contributions to our knowledge concerning sea 
urchins made and brought together by Harvey (1956) and Hyman 
(1955) should be overlooked by no one planning studies on these 
animals. 



1958] Swan: Sea Urchins, York, Maine 521 

AGASSIZ, ALEXANDER 
REFERENCES 

1864. On the embryology of echinoderms. Mem. Amer. Acad. Arts Sci., N .S. 9: 
1-30. 

1872-1874. Revision of the Echini. Mem. Harv. Mus. comp. Zool., 3: 762 pp. 
AGASSIZ, ALEXANDER AND H. L. CLARK 

1907. Preliminary report on the Echini collected in 1906, ... by U.S. Fish 
Commission Steamer "Albatross". Bull. Harv. Mus. comp. Zool., 51: 
109-139. 

Cl.ABK, H.L. 

1907. The Cidaridae. Bull. Harv. Mus. comp. Zool., 51: 165-230. 
1948. A report on the Echini of the warmer eastern Pacific ... Allan Hancock 

Pacif. Exped., 8: 225-352. 
DODEBLEIN, LUDWIG 

1906. Die polyporen Echinoiden von Japan. Zool. Anz., 30: 515-521. 
DURHAM, J. w. 

1955. Classification of clypeasteroid echinoids. Univ. Calif. Puhl. Geol. Sci., 
31: 73-198. 

GORDON, ISABELLA 

1926. The development of the calcareous test of Echinus miliaria. Philos. Trans., 
(B) 214: 259-312. 

GRIEG, J. A. 

1928. The Folden Fjord. Echinodermata. Troms0 Mus. Skr., 1 (7): 1-12. 
GRONLIE, 0. T. AND T. SOOT-RYEN 

1925. The Folden Fjord. Introduction. Troms0 Mus. Skr., 1 (1): 1-11. 
HARVEY, E. B. 

1956. The American Arbacia and other sea urchins. Princeton Univ. Press. 

298 pp. 
Hsu, W.P. 

1948. On the relations between the number of coronal plates and the diameter 
of the test in three species of sea-urchins. Contr. Inst. Zool. Acad. Peiping, 

4: 25-30. 
HYMAN, L . H. 

1955. The invertebrates: Echinodermata. Vol. IV. McGraw-Hill, New York. 

763 pp. 
JACKSON, R . T . 

1912. Phylogeny of the Echini. Mem. Boston Soc. nat. Hiat., 7: 491 pp. 

1914. Studies of Jamaica Echini. Pap. Tortugas Lab., 5: 139-162. 

MACKINTOSH, H. W. 
1883. Acanthology of Desmosticha. II. Trans. R . Irish Acad., 28: 241-258. 

MAYR, ERNST 

1954. Geographic speciation in tropical echinoids. Evolution, 8: 1-18. 

MOORE, H . B . 
1934, 1935, and 1937. A comparison of the biology of Echinus esculentus in 



522 Journal of Marine RMearck [I 7 

different habitats. J. Me.r. biol. Aas. U .K. , 19: 869-885; 20: 109-128; 

21: 711-719. 

MORTENSEN, THEODOR 

1943. A monograph of the Echinoidea. Vol. ill, Pt. 3. C. A. Reitzel, Copenhagen. 

446 pp. 
P AOXARD, A. S. 

1863. A list of animals dredged near Caribou Isl. S. Labrador, 1860. Canad. 
Nat. Geol., 8: 405. 

SARB, G. 0. 
1871. Nye echinodermer fro. den Norske kyst. Forh. VidenskSelsk. Krist., 

1871: 1-31. 
SHEARER, CRESSWELL, WALTER DE MORGAN, AND H . M. FuoBS 

1914. On the experimental hybridization of echinoids. Philos. Trans., (B) 204: 

255-362. 
SWAN, E.F. 

1952a. Growth indices of the clam Mya arenaria. Ecology, 33: 365-374. 
1952b. Regeneration of spines by sea urchins of the genus Stror,,gylocentrotua. 

Growth, 16: 27-35. 
19520. The Strongylocentrotidae (Echinoidea) of the Northeast Paci.fie. Evolution, 

7: 270-273. 
VASSEUR, ERIK 

1951. Strongylocentrotua palUdua (G. 0. Sare) and S . dro~hienaia (0. F. Mfiller) 
distinguished by means of sperm-agglutination with egg water and ordi-
nary morphologice.l characters. Acta Boree.lia. A . Scientia. No. 2. 16 pp. 

1952. Geographic variation in the Norwegian sea-urchins Stror,,gylocentrot'U8 
droebachienaia and S. pallidua. Evolution, 6 : 87-100. 


