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Abstract 

In St. Margaret's Bay, Nova Scotia, Canada, there are large areas in which sea ur- 
chins (strongylocentrotus droebachiensis) have eliminated beds of kelp (Laminaria spp.). 
Sites were identified where destruction of kelp beds had taken place I, 2, 3, 3.5 
and 4 years ago. With increase of time since kelp disappearance, the sea urchins 
showed decreased growth rate, reduced gonad size, but an increase in numbers re- 
sulting from high recruitment rates in the first two years after kelp bed de- 
struction. These sea urchin populations, by their browsing, effectively prevent 
the regeneration of kelp. There is, as yet, no evidence of the sea urchin popula- 
tions being starved out to allow the kelp to return. 

Introduction In deciding what strategy to adopt 
for management of this system, it is 

A study of trophic relations between lob- important to find out whether the sea 
stets (Homarus americanus), sea urchins 
(Strongylocentrotus droebachiensis) and kelp 
(Laminaria spp. ) in St. Margaret' s Bay, 
Nova Scotia, has shown that sea urchin 
populations have been increasing ex- 
plosively and destroying the kelp beds 
by overgrazing (Mann and Breen, 1972; 
Breen, 1974; Breen and Mann, 1976). The 
explanation offered is that lobsters are 
key predators on sea urchins and that 
the population density of lobsters in 
the area is now so low that they cannot 
control sea urchin numbers. As a result, 
the kelp bed ecosystem which has a high 
productivity of both plant material and 
lobsters has been destroyed over large 
areas, and has been replaced by another 
system characterized by dense popula- 
tions of sea urchins attached to almost 
bare rock. While these sea urchin popu- 
lations persist, they graze off any 
young sporophytes which settle, and in- 
hibit recolonization by kelp. Similar 
interactions between sea urchins and 
kelp have been reported for Strongylocen- 
trotus purparatus, S. franciscanus, (Paine 
and Vadas, 1969) Paracentrotus li~dus 
(Kitching and Ebling, 1961), and Echinus 
esculentus (Jones and Kain, 1967). Leigh- 
ton (1971) documented cyclic interac- 
tions between the giant kelp Macrocystis 
pyrif era and Strongylocentrotus spp. 

urchin populations are likely to persist 
indefinitely, or whether the system is 
in oscillation, with destruction of kelp 
leading to sea urchin populations dying 
or dispersing, so that kelp beds can re- 
generate. As a contribution to the solu- 
tion of this problem, sites were identi- 
fied where kelp beds had been destroyed 
at varying times in the past 4 years. 
The population dynamics of the sea ur- 
chin populations at these sites were 
then studied through the summer of 1975. 

Materials and Methods 

Five sampling stations in Northwest Cove, 
St. Margaret's Bay, Nova Scotia, were 
selected to represent sites at which 
kelp beds had been destroyed I, 2, 3, 
3.5 and 4 years previously, according to 
the observations of the second author 
and his students. They were designated 
as Sites I, 2, 3A, 3B and 4. All were at 
a depth of 5 to 7 m, except Station 2, 
which was at 2 to 4 m. The bottom types 
were as follows: Station I, boulders on 
sand; Stations 2 and 3A, bed rock; Sta- 
tions 3B and 4, stones. All stations 
were within a radius of 300 m, except 
Station I which was 16OO m away. Data 
from these stations were compared with 
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the averages for the whole of St. Marga- 
ret's Bay before the destruction of kelp 
beds (Miller and Mann, 1973). 

Twenty samples of Strongylocentrotus 
droebachiensis were collected each month 
from May to September, 1975 at each site 
by means of randomly located quadrats of 
area O.1 m 2. Age Classes O could not be 
sampled quantitatively because many were 
in small crevices and could not be ex- 
tracted. For all sea urchins, their di- 
ameter was determined to the nearest 
millimeter. From each of the 5 sites 
each month a subsample of 40, represen- 
tative of all size classes, was aged by 
growth rings on the plates according to 
the procedure given in Jensen (1969), 
and the fresh weight of the gonads was 
determined to the nearest milligram. 

Tests for significance of differences 
between sample means were carried out 
using several a posteriori contrast tests 
from the Statistical Package for the 
Social Sciences (Nie et al., 1975). 

Results 

Growth Rate 

Data from all sampling dates were pooled 
and then sorted according to age of the 
urchins. In Fig. I mean diameters of 
Strongylocentrotus droebachiensis of ages 2 
to 7 years are plotted against sampling 
sites, which are arranged according to 
time since kelp disappearance. With very 
few exceptions, it is clear that the 
growth rate of the urchins declines dras- 
tically after kelp in their area has 
been destroyed. This is particularly 
true of urchins recruited since kelp dis- 
appeared. The 2- and 3-year olds have 
mean diameters which decline in a linear 
manner with increasing time since kelp 
disappeared. On the other hand, the 7- 
year-olds at the site from which kelp 
disappeared 4 years ago are large for 
their age, and this may be explained by 
their having had 3 years of growth while 
kelp was still present. Also, the sample 
size for the Age 7 group was very small 
at Site 4. 

It was noted that the slow-growing 
urchins also had thinner tests. For ex- 
ample, among 5-year-olds, those at Sta- 
tion I averaging 38 mm diameter had a 
mean test thickness of 0.97 mm while 
those at Station 4 averaging 29.5 mm 
diameter had a mean test thickness of 
0.85 mm. (Wilcoxon's signed-rank test, 
P = 0.O3). 

Gonad Size 

Again, data from different dates of 
sampling were pooled and then sorted ac- 

cording to age of urchins. Fig. 2 shows 
that urchin gonad size tended to decline 
with increasing time since kelp destruc- 
tion. The exception is that urchins at 
Site I tended to have smaller gonads 
than those at Site 2. Note that the re- 
sults were not influenced by spawning, 
since the samples were taken between the 
spring and autumn spawning periods (Mil- 
ler and Mann, 1973). For urchins aged 6 
and 7 years, gonad size was very vari- 
able and was not significantly different 
at the various sites. This may be the 
first indication of reproductive failure 
in part of the population, for the sam- 
ples included urchins with no measurable 
gonad tissue, and none had gonads of 
average size for the control populations. 

Gonor (1972) showed that gonad weight 
is well correlated with test diameter, 
so in this situation it is useful to see 
whether there is an effect on gonad 
weight independent of test diameter. The 
results of an analysis of variance (Ta- 
ble I) show that for Age Classes 3, 4, 
and 5 there is a significant effect of 
time since kelp disappearance, indepen- 
dent of decreasing test diameter. 

Population Density and Age Structure 

In general, sites which had been longer 
without kelp tended to have more sea 
urchins (Fig. 3), and this pattern was 
stable through the summer. The exception 
was Site 2, which tended to have fewer 
urchins than Site I. (It was also noted 
above that the urchins at Site 2 had 
larger gonads than those at Site I, and 
Site 2 is in shallower water than the 
others.) The question then arises: is 
the increase in numbers due to large 
numbers of newly settled recruits, which 
radically change the age composition of 
the population? 

A plot of the age-frequency distribu- 
tion at the 5 sites (Fig. 4) suggests 
that at Sites 3A, 3B and 4, a particu- 
larly large year class settled I year 
after kelp disappearance, but after that 
recruitment was less. The significance 
of these changes is discussed below. It 
is interesting to note that although 3A 
and 3B differ in type of bottom sub- 
strate, the general population structure 
and density are very similar. 

Discussion 

The present work was designed to answer 
the questions: do Strongylocentrotus droe- 
bachiensis populations starve and die, or 
migrate away, after destroying kelp beds? 
The answer is: they do not, at least 
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Fig. i. Strongylocentrotus droebachiensis. Mean 
diameter of sea urchins in each age class, at 

6 sampling locations. C: control, average data 
for St. Margaret's Bay for sea urchins from in- 
side kelp beds (Miller and Mann, 1973); i-4: 
sampling stations of this study, each number in- 

4 O  

r-" 

2O 

i I 

240 
. . , .  

'~ 160 N 

80 

% 
= 800 
o 

600 

400 

200 

Age 2 
N=136 

"" 7L 40 

++ 
I I I I 

A A *A A i 

Age 4 
N=128 480 

I I I I I l 

Age 6 
N=69 

80 

320 

160 

800 

600 

400 

Age 3 
__ N=163 

.L 
- -  I 

++ 
I I I I I I 

A A A ~ 

Age 5 
N=I05 

-71 + 

I I I I I | 

_ �9 Age 7 
N =49 

i . . 

- - 200 - --  

+ § ' -I- l I I I I I I I I 

C i, 2, ,3A ,3B ,4 C i. 2, ,3A,3B 4 

Sampling site number 

Fig. 2. Strongylocentrotus droebachiensis. Go- 
nad live weight for sea urchins in each age 

class. Symbols as in Fig. i. Control data for 
sea urchins inside kelp beds are means of June 
and August data in Miller and Mann (1973 

Table i. Strongylocentrotus droebachiensls. Anal- 

ysis of variance of gonad weight, to distinguish 
between effect of test diameter and effect of 
time since kelp disappearance. NS: Not signif- 
icant 

Age Source of variation 
dicating number of years since kelp disappeared, class Test diameter Time since kelp dis- 
Small arrow-heads joined by horizontal lines in- 

(years) appearance 
dicate stations between which differences are 

DE F Signif- DF F Signif- not significant. Vertical lines indicate 95% 
confidence intervals icance icance 

2 130 58.805 O.OO1 130 O.831 NS 
3 157 43.300 O.OO1 157 11.118 0.OO1 
4 122 16.517 O.OO1 122 5.967 O.OO1 

5 99 3.876 0.049 99 10.271 O.OO1 
6 63 5.230 0.024 63 0.788 NS 

7 43 6.774 O.O12 43 2.406 NS 
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Fig. 3. Strongylocentrotus droebachiensis. Mean 
numbers of sea urchins on 5 sampling locations 
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averaged over 4 collections. Arrow indicates 
year class recruited at time of kelp destruction. 
Sea urchins less than 1 year old were not col- 
lected 

within 4 years. The sea urchin popula- 
tions tend to increase in abundance, 
while decreasing their growth rate and 
individual gonad production. The se- 
quence of events that takes place during 
and after the destruction of a kelp bed 
can be described as follows: The age 
structure of a stable sea urchin popula- 
tion within a kelp bed is as shown in 
Fig. 5a (from Miller and Mann, 1973). 
There is steady recruitment and mortali- 
ty, so that the younger age classes are 
most abundant. The population density 
averages 36.8/m 2. The urchins live among 
the kelp, on the rock or on the hold- 
fasts. When they attempt to climb on the 
plants they are thrown off by wave ac- 
tion, so they feed mainly on the kelp 
detritus which settles on the rock sur- 
face (Breen and Mann, 1976). 

When a sea urchin population begins 
to destroy a kelp bed, it does so by 
assembling a critical biomass capable of 

holding the Laminaria plants down on the 
rock surface and eating them completely 
(Breen and Mann, 1976). At the edge of a 
receding kelp bed there is a "wave-front" 
of large individuals at a high popula- 
tion density. Fig. 5b shows that such a 
population may consist of predominantly 
5- and 6-year-old urchins. Apparently 
the older, heavier individuals congre- 
gate at the advancing wave-front, and 
tend to exclude the younger, smaller 
specimens. Only 3 m from the edge of the 
kelp the population may be dominated by 
3- and 4-year-old animals (Fig. 5c). 

At the sites where kelp had been de- 
stroyed I or 2 years previously the po- 
pulation was also dominated by 3- and 
4-year-old urchins (Fig. 4), but at the 
sites which had been devoid of kelp for 
3 and 4 years there was evidence of a 
strong recruitment of young urchins in 
the year after kelp destruction, leading 
to higher population density, after 
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Fig. 6. Strongylocentrotus droebachiensis. (a) 

Comparison of growth curves, and (b) comparison 
of individual gonad size, in populations before 
and after destruction of kelp beds. "In kelp" 
signifies data from sea urchins in kelp beds 
from Miller and Mann (1973); "I year" and "4 
years" signify time since destruction of kelp beds 

which recruitment was less good. These 
populations presumably feed on encrust- 
ing algae, and on detritus from the 
nearest seaweed beds. Breen and Mann 
(1976) have recorded that sites exist 
which have been kept free of kelp for 
6 years. Unfortunately, these sites were 
too inaccessible to form part of this 
study. Fig. 6 summarizes the evidence 
that the populations on "bare rock" have 
a slower rate of growth and reduced go- 
nad size, but there is, as yet, no evi- 
dence that they are not viable. Until an 
area is found in which an urchin popu- 
lation on bare rock declines to extinc- 
tion, permitting the re-establishment of 
kelp, the prospects are poor indeed for 
increasing the productivity of these 
rocky, subtidal areas and the shellfish 
populations which depend on them (Miller 

et al., 1971). 
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