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ABSTRACT: Weekly settlement of red and purple sea urchins (Strongylocentrotus franciscanus and 
S. purpuratus) was documented at sites in northern and southern California (USA) for 4 settlement 
seasons from 1990 to 1993. Newly settled sea urchins (<0.5 mm) were collected from standardized 
settlement surfaces (scrub brushes), identified and counted. There was marked seasonality in settle- 
ment. For both species, most settlement occurred during one to several episodes between February and 
July of each year. Settlement tended to be more regularly annual in southern than in northern Cali- 
fornia and settlement densities generally were higher in the south. This pattern is consistent with 
greater retention of water in the Southern California Bight and more energetic offshore advection of 
water in northern California S. purpuratus showed geographic coherence in settlement whereas 
S. franciscanus did not. For purple sea urchns, northern sites formed a group, a second group was 
formed by sites near Santa Barbara plus a site in Orange County, and a third group was formed by 
3 sites at San Diego. 

KEY WORDS. Echinodermata . Echinoidea - Sea urchin . Settlement 

INTRODUCTION 

The term 'metapopulation' was coined by Levins 
(1969) to mean a population of populations and is well 
suited to describe benthic marine organisms with 
planktonic stages (e.g. Roughgarden et al. 1988, 
Botsford 1992). For such species, there are local popu- 
la t ion~ where individuals interbreed but the products 
of fertihzation may be carried great distances before 
settlement occurs (cf. Scheltema 1971, 1986). In the 
case of red and purple sea urchins (Strongylocentrotus 
franciscanus and S. purpuratus), the geographic range 
of each species spans about 30 degrees of latitude from 
Alaska to Cedros Island in Baja California, Mexico. In 
any local population, adults probably move no more 
than tens or hundreds of meters during a lifetime; 
however, larvae of these species feed in the plankton 
for at least 5 wk before they are competent to settle 
(R. Strathmann 1978, Cameron & Schroeter 1980, 
Leahy 1986, M. Strathmann 1987, Rowley 1989) and 

so may be carried hundreds or perhaps thousands of 
kilometers from their sources. 

Along the California coast, the driving physical force 
in the transport of planktonic larvae generally is 
agreed to be the southward directed California 
Current and associated counter-currents (Mackas et al. 
1992). The strong prevailing southward wlnds north of 
Point Conception generate intense upwelling (Huyer 
1983) and the region is considered to have offshore 
transport of pelagic larvae (Parrish et al. 1981). A 
complicating factor is the energetic offshore advection 
of water at major headlands in northern California and 
Oregon, which may result in poor larval settlement 
(Ebert & Russell 1988). 

South of Point Conception, the coastline bends to the 
east and then south forming the Southern California 
Bight. Wind stress is much less than it is farther north, 
local upwelling is weaker and generally confined to 
spring and summer, and there is less mixing of the 
water masses (Halliwell & Allen 1987, Mackas et al. 
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1992). The California Current flows south from Point indicate that larval exchange generally is constrained 
Conception and bends eastward back towards the by physical oceanographic processes. These geo- 
coast at about 32" N (Lynn & Simpson 1987), which graphic units would be the logical places to look both 
creates a gyre or eddy with water flowing northwest- for explanatory oceanographic characteristics and for 
ward off the coast back towards Point Conception. the differences in the genetic structure of sea urchin 
Northward flow within the Bight is most apparent in populations that would be expected to arise from 
late spring/early summer and again in the fall (Thomas limited larval exchange. 
& Strub 1990). 

In addition to the large-scale oceanographic differ- 
ences between northern and southern California, there METHODS 
are notable changes in marine benthic communities. 
The northern or southern extreme in the geographic Settlement collectors. Documenting settlement re- 
range of many invertebrate species occurs near Point quired developing suitable collectors and we are by no 
Conception and there is a striking difference in the means the first to do this for echinoderms. Loosanoff 
relative abundance of many intertidal species at main- (1964) used oyster shells as collectors to study settle- 
land sites within the Southern California Bight com- ment of the starfish Asterias forbesi on the Atlantic 
pared to sites on the northern Channel Islands and coast of the U.S. For sea urchins, collectors of various 
central California (Morris et al. 1980, Seapy & Littler designs using rigid plastics have been used exten- 
1980). Although red and purple sea urchins are abun- sively by the Japanese (Dept of Mariculture, Hokkaid6 
dant at  both northern and southern sites, there are 1984; also see Tegner 1989). Bak (1985) constructed 
suggestions that their population dynamics differ collectors from plastic light diffusers ('egg crate'), a 
regionally. Recruitment of juveniles of both species precursor of the collectors constructed by Harrold et 
(generally based on size distributions) has been al. 1991), and we have used panels of fiberglass roof- 
described as occurring in infrequent pulses in northern ing and artificial grass (AstroturfTM) (Ebert et al. 1991). 
California, Oregon, Washington and British Columbia In work presented here, we selected scrub brushes 
(Ebert 1968, 1983, Bernard & Miller 1973, Paine 1986, with nylon bristles (#0115, National Brush Company, 
Pearse & Hines 1987, Sloan et al. 1987) and more regu- Aurora, IL, USA) as our collectors based on a prelimi- 
larly seasonal or continuous in southern California and nary test of 3 brush types in 1988 (Ebert unpubl.). A 
Mexico (Pearse et al. 1970, Tegner & Dayton 1981, #0115 brush has a 6 X 9 cm wooden base with 2.5 cm 
Ebert 1983). nylon bristles. These brush collectors have a major 

The regional physical and biological differences advantage over sea urchin collectors that have been 
along the west coast indicate that red and purple sea used by other investigators (Dept of Mariculture, Hok- 
urchins may form more than a single metapopulation. kaido 1984, Bak 1985, Harrold et al. 1991) in not 
Understanding the population dynamics and evolution requiring special fabrication. Also, brushes are cheap 
of such species requires estimating rates of inter- and provide convenient replication of collector sur- 
change among units of the metapopulations through faces. 
larval dispersal. This, in turn, requires knowledge of Brushes were attached to nylon Lines and suspended 
coastal and offshore physical and biological oceano- in the water column from piers or from overhanging 
graphic processes between the times of spawning and ledges from shore or were anchored to the bottom at 
settlement as well as information on early survivorship offshore sites. Two lines were deployed at each site 
to the size or age of reproduction. The task is neither and each line held 4 brushes, giving a total of 8 
simple nor straightforward. brushes per site. On each line, the first pair of brushes 

We focus here on one piece of the puzzle by docu- was about 1 m from the bottom and the second pair 
menting the patterns of settlement of red and purple was about 20 to 40 cm above the lower set. A groove 
sea urchins at sltes in northern and southern California was cut into the back of each brush that allowed it to fit 
over 4 settlement seasons. Estimating actual settle- snugly around the line and pairs of brushes were held 
ment provides a touchstone for judging the relative in place with nylon cable ties (Fig 1). The line was 
importance of post-settlement survival and growth in knotted or wrapped with cable ties to prevent the 
determining the size structure of populations and their brushes from moving up or down. When lines were 
inferred recruitment patterns. For example, the ap- attached to a pier or overhanging cliff from shore, a 
parent differences in recruitment in northern and 4 to 5 kg weight was attached to the bottom of the line. 
southern California may reflect reg~onal differences In For offshore stations, the bottom of the line was 
early mortality and growth rather than characteristic attached to an 18 to 20 kg steel weight and suspended 
differences in settlement. On the other hand, consis- in the water column with a small subsurface float. 
tent large-scale spatial differences in settlement may Brushes were collected each week and replaced either 
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Fig. 1. Detail of settlement collectors 
(wood-handle scrub brushes) held 
to a nylon line with plastic cable t ~ e s  

brush 

cable 

cable 
knot 

tie 

tie 

with new brushes or with brushes that had been 
collected the previous week and had been rinsed in 
fresh water. Following collection, brushes were placed 
in individual plastic bags and transported to the labo- 
ratory in an ice chest. 

A sonic cleaner was used to remove animals from 
brushes. A brush was placed, bristle side down, in the 
cleaner with seawater and sonicated for 3 to 5 min. 
During sonication the bristles were occasionally 
rubbed by hand in order to help free animals that 
might have been hidden deep within a bristle cluster. 
Following sonication, the water was poured into a 
large plastic cup that had 0.436 mm mesh plastic 
screen on one side, which is sufficiently small to retain 
newly settled sea urchins. Material retained in the cup 
was sorted under a dissecting microscope and all sea 
urchins were identified at once and then preserved, or 
were preserved in 70 % ethyl alcohol for later identifi- 
cation to species. Identification of newly settled sea 
urchins to species was based on the presence of dorsal 
pedicellariae and pigmentation. Strongylocentrotus 
purpuratus lacks dorsal pedicellariae and S. francis- 
canus has from 1 to 3 (Rowley 1989). In southern Cali- 
fornia another local species, Lytechinus anamesus 
(=pictus), also has dorsal pedicellariae but is less 
pigmented than S. franciscanus. 

Sites and sampling schedule. In 1990, sites were 
selected in northern and southern Californ~a (Fig. 2). 
Site selection was determined by accessibility under 
most weather conditions, as well as availability of 
persons to tend the collectors. In northern California 
collectors were deployed: (1) off a rock overhang 
from shore at Westport; (2) off a rock overhang from 
shore at Point Cabrillo; and (3) from the pier at 
Arena Cove south of Point Arena. In southern Cali- 
fornia collectors were deployed: (4) off Gaviota Pier, 
which is south and east of Point Conception; (5) off 
Ellwood Pier near Goleta; (6) from Stearn's Wharf at 
Santa Barbara; (7) offshore from Dana Point in south- 
ern Orange County, (8) from the pier at Scnpps Insti- 
tution of Oceanography in La Jolla; (9) off Ocean 
Beach Pier in San Diego; and, (10) offshore from 
Point Loma in San Diego. 

Settlement, or 'weekly recruitment', was monitored 
for different lengths of time at different sites. Westport, 
Point Cabrillo, Ellwood Pier, Dana Point, Scripps 
Pier, and Ocean Beach Pier were monitored from 
February/March 1990 through July 1993. Collectors off 
Point Loma were tended from March 1990 through 
summer 1992. Settlement collectors were tended at the 
pier at  Arena Cove from March 1990 until the begin- 
ning of April 1991. Stearn's Wharf and Gaviota Pier 
were monitored from January and February 1991 
through summer 1993. Some gaps occur in the data 
sets due to vandalism, a sewage spill off Point Loma, 
rig losses caused by swell conditions, storms that pre- 
vented retrieval of collectors, and scheduling conflicts 
of our various volunteer groups. 

Analysis. In our analyses, we used both the numbers 
of recently settled individuals and the variation in 
numbers. Estimates of the coefficient of variation 
[(standard deviatiodmean) X 100 %] for red and purple 
sea urchins were grouped by species and geographic 
area (north or south of Point Conception), and the 
groups tested by a 2-way ANOVA to determine 
whether annual variability was different for the 2 
species inside and outside the Southern California 
Bight; that is, Areas I1 and I11 in the classification of 
Mackas et  al. (1992). A preliminary analysis showed no 
significant interaction of species X area and so the 
ANOVA was done without interaction. 

Mendocino 

A 

38ON -- Point Reyes 
an Francisco 

California 
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Fig. 2. Location of sites in California, USA, where settlement 
was measured. A: Westport; B: Point Cabnllo; C: Arena Cove; 
D: Gaviota; E: Ellwood Pier; F: Stearn's Wharf; G: Dana Point; 
H: Scripps Institution of Oceanography; I: Ocean Beach; 

J: Point Loma 
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Geographic coherence was examined using the 
VARCLUS procedure (SAS Institute 1988), a divisive 
clustering technique that attempts to divide a set of 
variables into non-overlapping clusters. The analysis 
begins with a matrix of correlations between all pairs 
of stations. The vanate used to calculate the correla- 
tions was the average number of settlers per brush for 
each week. If the period between samples was more 
than 7 d ,  the number per brush was standardized to a 
week. Given the matrix of correlations, the analysis 
split the data into 2 clusters by finding the first 2 
principal components, and assigning each station to 
the rotated component with which it had the higher 
squared correlation. Stations were iteratively reas- 
signed to clusters to maximize the variance accounted 
for by the cluster components. Of the resultant clusters, 
the one with the largest eigenvalue for the second 
principal component was selected, and the splitting 
procedure repeated. The analysis was halted when 
each cluster had only a single eigenvalue greater than 
1. Because new stations were added in 1991 and 1 sta- 
tion (Point Loma) was dropped in 1993, the cluster- 
ing analysis was done for each species for several time 
periods: 1990-1992, 1990-1993, 1991-1992, and 
1991-1993. 

RESULTS 

Settlement was strongly seasonal for red and pur- 
ple sea urchins in both northern and southern Cali- 
fornia (Figs. 3 to 8); however, there was substantial 
variability in the number of settlers both from site-to- 
site within years and from year-to-year within sites 
(Table 1). Although the settlement season was similar 
at  all the study sites, the California coast was not a 
single coherent unit with respect to the pulses of 
settlement. 

The general settlement patterns we observed from 
1990 to 1993 for both species showed year to year vari- 
ation around late winter to early summer events in 
both southern and northern California. Across years, 
there was variation in length of the settlement season: 
generally longer in 1992 and shorter in 1993. Even 
where some settlement occurred during all seasons of 
the year, such as Strongylocentrotus purpuratus at 
Gaviota during 1991 and 1992, there was a recogniz- 
able pulse in the spring (Fig. 4). 

Total annual settlement, from late December 
through mid December, varied from year to year 
(Table 1). Of particular interest is the difference in 
variability across sites (Fig. 9). Annual totals at 
northern sites (Table 2) were significantly more van- 
able across years than southern sites (p  = 0.005) and 
annual totals for Strongylocentrotus franciscanus 

were significantly more variable across years than 
totals for S. purpuratus (p = 0.030). There also is an 
indication of a temporal trend for both species across 
years (Table 1) with annual settlement generally 
declining over the years in southern California and 
generally increasing in northern California. This per- 
ception is based on generally negative correlations of 
total numbers versus years south of Point Conception 
and the positive trend at Point Cabnllo (Fig. 3). 
Missing data from February through April 1993 at 
Westport compromise the northern data set and an 
ANCOVA with year as a covariate failed to show a 
significant difference in slopes between northern and 
southern California. The data are not up to a rigor- 
ous analysis of the trend. 

There also were very local patterns in the data. For 
example, settlement of Strongylocentrotus purpuratus 
at Scripps Pier in 1990 was much greater than in 
1992 yet settlement at Ocean Beach was about the 
same for these 2 years and at Point Loma there were 
fewer settlers in 1990 than in 1992. In northern Cali- 
fornia, settlement occurred in JuneIJuly 1993 at Point 
Cabrillo but no settlers were found during the same 
period at Westport. Only 2 S. franciscanus were col- 
lected at Ocean Beach Pier from 1990 to 1993 but 
many more were collected at stations on either side 
(Scripps Pier to the north and Point Loma to the 
south). 

The clustering patterns shown by Strongylocentro- 
tus purpuratus (Fig. 10) for 4 different time periods 
all are similar and clustering accounts for a substantial 
amount of the total variance in settlement patterns. 
The smallest proportion of explained variance is 0.65 
for the 3 clusters formed for 1991-1993; all other 
clusterings, 1990-1992, 1990-1993, and 1991-1992, 
explain between 74 and 77 % of the variation. Three 
southern California sites, Point Loma, Ocean Beach 
Pier, and Scripps Pier, all cluster together. Settlement 
patterns at sites near Santa Barbara, Ellwood Pier, 
Stearn's Wharf, and Gaviota Pier all cluster together 
with the settlement pattern at the site offshore from 
Dana Point. Northern sites, Point Cabrillo and West- 
port, form a cluster. A curious feature is that settlement 
patterns of S. purpuratus in northern California are 
more like the patterns near San Diego than like the 
patterns off Santa Barbara, which is geographically 
closer to northern California. 

Unlike Strongylocentrotus purpuratus, the clusters 
for S. franciscanus did not form contiguous geographic 
subunits (Fig. 11). This result could reflect a real pat- 
tern of greater spatial as well as temporal variability in 
S. franciscanus; alternatively, it may have been the 
result of lower levels of settlement and the consequent 
inability of the analysis to detect an underlying geo- 
graphic signal. 
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7 
C istic differences between central and northern Califor- 

7 

7 7 

S 4 C 3  '" nia. At Naples Reef near Santa Barbara, Rowley (1989) 
a , 0, -5 
I 0 2 sampled very small Strongylocentrotus spp. from 1984 =.- y 
L !A 3 to 1986 and, during that period, he observed a single 
7 

n 
7 

a pulse of recruitment in May 1986. By comparing size 
z : 
o ranges in the field with those obtained under 
m : -a 
U <P, laboratory conditions, he inferred that animals in the 
7 7 a 
7 ,a "d field were from 5 to 17 d old, which makes the .-- 
I I settlement season similar to the settlement times we 
a 4 

I a, 2 observed in the Santa Barbara area. 
Y E 0  
7 7 2' 0 Temporal and spatial differences in settlement of red 
n 5 .2 
z 0 and purple sea urchins correlate with general oceano- 
0 K 

O .- U; a graphic processes along the California coast. Annual 
U) " 0 )  > V )  

U a 0, c settlement of both species was more variable in the 
7 7 - 
7 7 ' S north, which correlates with the retention of water 
I S 3 .5 
U 4 2 within the Southern California Bight and greater 
I 
Y 

I 
L 5 advection rates in northern California (Owen 1980, 

7 
@ J  

0 

7 

o 3 & Parrish et al. 1981, Huyer 1983, Kosro et  al. 1991). 
z Z 2 
0 

- There was virtually no settlement of sea urchins at  the 
U) : g  E northern sites in 1990 and the average number of 
a 4 0 ,  0 
-, - -  2 settlers was low in 1991; however, in each of the next 2 
7 

I 
7 

4 years, large numbers of purple sea urchins settled and 
U U b 
S I v, red sea urchin settlers were present in low to moderate 
LL U 

cd numbers. This change in settlement pattern coincided 
m * 0 W 0 W 0 with an El Niiio event that started late in 1991 and con- 

Number of Sea Urchins per Brush C tinued through the 1993 settlement season (Hayward 

Number of Sea Urchins per Brush 



48 Mar. Ecol. Prog. Ser. 111: 41-52. 1994 

Table 1 Strongylocentrotus purpuratus, S. franciscanus. Total counts for sea urchins on 4 scrub brushes collected weekly in 
California; areas are arranged from north to south: WP: Westport; PC: Point Cabrillo; AC. Arena Cove Pier; GV: Gaviota Pier; 
EP: Ellwood Pier; SW: Stearn's Wharf; DP: Dana Point; SI: Scnpps Institution of Oceanography Pier; OB: Ocean Beach Pier; 

PL: Point Loma 

Year Area 
WP PC AC GV EP SW D P S1 OB PL 

S. purpuratus 
1990 0 0 0 19 22 258 31 19 
1991 2 2 8 0 596 30 20 102 11 103.5 
1992 53 190 355 24 18 67 25 58 
1993 0 282 32 1 6 21 4 
Mean 13.7 125 327.7 18.5 16.5 112 17.8 60.2 
SD 26.2 134 283.0 12.5 7.2 102.8 12.4 42.3 
CV% 190 107 86 68 44 92 70 70 

S. franciscan us 
1990 0 3 1 33 17 0 6 
1991 0 0 100 14 - 1 21 13 0 32.5 
1992 5 38 19 6 5 9 16 2 9 
1993 0 8 0 0 1 0 0 0 
Mean 1.3 12.3 39.7 5.2 9.0 15.8 11.5 0.5 15.8 
SD 2.5 17.5 53.1 6.4 10.6 14.4 7.9 1.0 14.5 
CV % 200 143 134 122 118 9 1 68 200 92 

1994). Some of the effects of El Niiio in California are 
reduced southeast transport by the California Current, 
decreased intensity and frequency of coastal up- 
welling, and increased onshore transport (Chelton 
1981, Simpson 1984a, b). Roughgarden et al. (1988) 
demonstrated that barnacle larvae tended to be farther 
offshore following periods of strong upwelling in 
central California and that there was a striking nega- 
tive correlation between the mean unwehng index 
from January to June and the average annual recruit- 
ment rate. 

Hobson & Chess (1988) provide evidence for offshore 
transport of gelatinous zooplankton during periods of 
upwelling on the Mendocino coast near our study sites. 
They also found that shoreward transport occurred not 
only during periods of southerly winds that caused 
dotvnwelling but also during periods of calm when 

32 34 36 38 40 

Latitude 

Fig. 9. Strongylocentrotuspurpuratus, S. franciscanus. Coeffi- 
cient of variation of annual settlement versus location; north- 
ern sites generally were more variable than southern sites 

upwelling broke down. Although our observations in 
northern California are consistent with the hypothesis 
that settlement is increased during El Nino years due 
to reduced upwelling, variation in settlement we 
observed within the Southern California Bight cannot 
be explained in a similar manner. There was little dif- 
ference in the intensity of settlement in 1990 to 1991 
and 1992 to 1993 at Ocean Beach and Point Loma, but 
there was a trend toward less settlement during El 
Nino at all other sites, especially Scripps Pier and 
Gaviota Pier. Recruitment of purple sea urchins has 

Table 2. Strongylocentrotuspurpuratus, S. franciscanus. Two- 
way ANOVA comparing the coefficient of variation (CV) in 
annual settlement between species and between locations, 
north and south of Point Conception, without interaction. 

n = 18; R2 = 0.52 

Analysis of variance 
Source SS d f MS F-ratio p 

Species 6844.5 1 6844.5 5.71 0.030 
Location 12714.7 1 12714.7 10.60 0.005 
Error 17990.4 15 1199.36 

Least squares means 
CV adjusted SE n 

Species 
S. franciscanus 147.54 12.77 9 
S. purpuratus 108.54 12.77 9 

Location 
North 160.00 17.32 4 
South 96.07 9.26 14 

- 
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been positively correlated with up- 
welling at San Diego from 1969 to 
1977 and the unusual settlement of this 
species at Sunset Bay, Oregon, in 1963 
was during a season of unusually weak 
cross-shelf water movement (Ebert 
1983), so the inverse pattern of settle- 
ment between northern and southern 
California does not appear to be an arti- 
fact of the 1990 to 1993 settlement sea- 
sons. It may be that when oceano- 
graphic conditions in the north are 
favorable for settlement, the opposite 
condition exists in the south. 

In general, winter-spring is the period 
of maximum spawning potential for 
Strongylocentrotus purpuratus both 
north and south of Point Conception 
(Lasker & Giese 1954, Bennett & Giese 
1955, MacGinite & MacGinite 1968, 
Gonor 1973, Pearse 1981, Harlberg et 
al. 1987, Strathmann 1987). S. francis- 
canus is similar to S. purpuratus in 
having a winter-spring season in south- 
ern California; however, north of Point 
Conception, the potential season shifts 
to later in sprlng and summer with 
increasing latitude (Johnson 1930, 
Greenfield et al. 1958, MacGinite & 
MacGinite 1968, Baker 1973, Gonor 
1973, Kramer & Nordin 1975, Bernard 
1977, Pearse 1981, Strathmann 1987). 
Given the suggested spawning seasons, 
the settlers we observed in the fall and 
winter at sites in southern California 
raise an interesting question. Were 
they produced by relatively short-lived 
larvae (1 to 3 mo), or much older larvae 
that were spawned during the previous 
winter 9 to 11 mo earlier? Harrold et 
al. (1991) raised a similar question 
concerning sea urchin settlement in 
Monterey Bay at times that seemed 
inappropriate for the presumed times of 
spawning. A possible resolution of the 
puzzle would be to examine accumula- 
tion of 'aging pigments' (Young 1982, 
Nicol 1987, Hill & Wormsley 1991) in 
newly settled animals. If new settlers 
showed increases in aging pigment 
concentrations from spring to fall, then 
it would be strong evidence that they 
had been spawned in winter and 
had, indeed, spent may months in the 
plankton. 

Strongylocentrotus purpllratus 

I Dana PI. I 
Ellwood pler 

/ Pt. Cabrillo I 

Ocean ~ e a c h (  

Dana Pt. 

Ellu~ood pier 

Pt. Cabrillo 

Westpon 

Scripps pier 

Ocean Beach 
, , ,@ 

1990 - 93 

Steam's wharf 

Ellwood pier 

1991 - 93 

Proportion of Variation Explained 

Fig. 10. Strongylocentrotus purpuratus. Principal component clustering 
analysis (Procedure VARCLUS, SAS Institute 1988) for settlement of 
purple sea urchins at sites along the Cahfornia coast using 4 different time 

periods 

Strongylocentrotus franciscanus 

Dana h. 

Ellwocd oier 

Ocean Beact 

Scripps pier 

Scripps pier 

PI. Cabrillo 

Westpan 

Ocean Beach 

Ellwood pier G.., 1990 - 93 

I I 

Dana Pt. 
Gaviota 

I Stearn's wharf I 
1 Ellwood pler I 

I Ocean Beach ( 
Scripps pier 
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Scripps pier 

Proportion of Variation Explained 

Fig. 11. Strongylocentrotus franciscanus. Principal component clustering 
analysis for settlement of red sea urchins at sites along the California coast 

using 4 different time periods 
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Determining linkages among populations might be work would not have been possible without substantial con- 
done from water-mass signatures using elemental tributions of time. We sincerely appreciate all of the support 

analysis of skeletal parts of settlers that would point to We have leceived. 

areas where early development took place. Remnants 
of arm spicules that develop during the first week after 
fertilization are incorporated into the plates of the LITERATURE CITED 
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