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Preliminary studies on the gonadal enhancement of giant red sea
urchins taken from barrens in Brit ish Columbia

Abstract
\\'e collected girnt red sett urchiis in urchin barrcns habitat \\,jth the intent ofenhancing them lbr markel. \'e placed the urchins
in enclo\ures and pf(^ ided them with giarr kelp for thc E3 day perjod between 20 N,larch 1998 and l2 June 1998. Sea urchiN lhal
were fed giant kelp had a linai gonad inder of8.3. whcrcas the donor population had initial and final gonad indices of 2.9 and 3.5,
respectively. In addition. the propoftior of indi!iduals displaying a state of stan ation \'ia dark brown gonads was significantl)
lo\!.er after feeding compared to rhc donor population at lhe end of the experimeni (27. and 177. respectively). These results
suggest that fbod limiurion is an inporlanr iacror ir the gonadal developNent ofthis urchir popularion. Nloreovcr. thc iindings
suggesl |har fie urchin rcsourcc can be expanded to include baffen habitals. Urclins uken liom barrcns can bc quickly enhanced
belbre being senr 1o markct.

lntroduction

Foreign demand for sca urchin gonads. called riri
on the Japanese market, led to the development
ofthe sea urchin fishery in British Columbia during
the 1970s (Farr and Bunnell J980). The harvest
has grown rapidly since 1982 with stable land-
ings since 1994 (DFO i998). In 1997. total land-
ings firr Clayoquot Sound (our study site) con-
sisted of over 12,1,000 kg of red sea urchins
( S t on gy I oc ent ro t Lr.s Ji?,?cl.!ca,?,l.s) (J. K. Davidson,
Department ol Fisheries and Oceans, Canada,
personal communication).

Sea urchin fteding habits (Leighton 1960) and
preference for macrophytic algae species (Leighton
1966. l97l) can lead to the conversion of many
marine rocky bottom habitats from kelp fbrcst to
"barren grounds" (Pearse et al. 1970; Farr and
Bunnell 1980). The abil ity of sea urchins to sur-
vive on very low nutrit ional inputs (Ebert 1967,
1968) and the absence of effective urchin preda-
tors. such as sea ottcrs (E ?fi1'drrl lrlris) (Estes and
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Palmisano 1974. Watson 1993), enables the per-
sistence of barren grounds in some areas- Under
these conditions of little tbod. giant red sea ur-
chins resorb gametes, andthe gonads becorne dark
brown (Bernard 1977).

The red sea urchin has the highest commer-
cial potential of laturally oocurring sea urohins
in British Columbia (Breen 1980). The potential
periods ofspawning are between March and Sep-
tember in southem Brit ish Columbia (Bemard
1977). The fishery operates between October and
March or April during the period when urchins
are recovering from spawning but before the go-
nads become milky with gametes (Breen 1980).
Unfortunately, much of the harvesting occurs
before the amual bullkelp (Nereocl'stis luetkeana)
hrs  rec lu i ted .  Thus .  in  lears  uhen orer -u in te r -
ing kelp species are scarce, the fisheries value of
urchins will be low (Breen 1980). Enhancement
techniques can resolve many problems associated
with poor fisheries quality of wild stocks. while
providing the haflester with the ability to time
sales to maximize and maintain st{ble profits during
much of the year
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Harrestcrs ignore many urchin barrens habi
tats because the urchins present often have low
qualitv roe (poor color and mass). Many researchers
have shown through field and laboratory studies
that the growth and reproduction of strongylo-
centotid seaurchins is directlv rclated tothequality
and cluantity of consumed fbod iterns (Eben 1968:
Lavrence 1975: Vadas 1977; Lnrson et al. 1980;
Thompson 1982: Lemire and Himmelman 1996;
Meidel and Scheibling 1999). Thc objective of
this experiment was te test the hypothesis that
mass and colorofgonads in giant red seaurchins
$'ere lbod limited in this area ofClayoquot Sound.
We also wished to detemine if food supplemen-
tation could enh nce urchins for the lal market.
Under thc hypothesis of food limitation, provid
ing a supplenent of a natural food source should
incrcase the relative gonad size (measured as an
index of gonad mass to total nlass) and decrease
the number of individuals with dark brown go-
nads (an indication of staryation). To test this
hypothesis. we penncd urchins from barrens habitat
and provided therr with giant kelp (Macrocvstis
integrifolia).

Materials and Methods

We collected giant red sea urchins at Hot Springs
Cove in Clayoquot Sound on the west coast of
Vancouver Island. Brit ish Columbia (49' 2l ' N,
126' 16' W). This area is zoned as part of an ab-
original f ishing zone by the Department ofFish,
eries and Oceans. Cuada. That designation pre-
vents commercial harvcsting of the resources
prescnt and allows the resident HesquiaLht First
Nation to stud)' thef environmcnt \\,ithout fish
ing pressure.

We collected 90 giant red sea urchins (>80 mm)
20 March 19911 and separated them into two groups.
We sampled gonad mass of one group (n=45)
irnmediately. and penned the second group (n=45)
u  i th  l5  u rch ins  in  e rch  o f  th rce  ch i .  ken  u  i re  pen.
mcasuring 127 cm X 79 cm X 51 cm. We sus-
pended pens 2-3 m below the ocean surlace within
Hot Springs Cove. The penned urchins were fed
g iant kelp ,rJ /l/, i  trar l i  'r 8.1 da\ 5. The congeneri(
giant kelp (M. p!'riferal has been shown to be a
prefened algal fbod (Leighton 1966) and other
studies on food pref'erence in strongyloccntrotids
have shown that pret'erred lbods increase gonad
production (Larson et al. 1980; Lemirc and
Himmelman 1996). Moreover, giant kelp is a
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perennial canopy-fomring species, making col-
lection forthis and future enhancements relatively
simple. On 12 June J998, we dissected the supple
mental feeding group and a second collection
(n=30) of t iee-ranging urchins (>80 mm). A11
urchins were collected from the same balTen at
approximately 8 m. We measured test diameter,
wet body mass. and wet gonad mass, and recorded
gonad color Gonad indices were calculated as
the percentage of the gonad mass to the total body
mass. Since the urchins were not maintained as
independent replicates (Hurlbert 1984), we did
not use ANOVA to compue treatments. Rather
we present parameler means and standard elToIS
for test diameter, wetbody mass. wetgonad mass.
and gonad index. Comparisons are made among
the initial donor group (March group), the final
donor group (June group), and the experimental
group (supplemental feeding). No effot was made
to control fbr cage effects as the applied nature
of the experiment makes such comparisons inel-
evant. Statisticarrr statistical software for Win-
dowsrNl version 5.5 (Statsoft Inc., Tulsa, OK. USA)
was used to graph the data.

Results

Giant red sea urchins removed from urchin bar-
rens and penned readily consumed the algae pro-
vided. The resulting data (Figure 1) show con-
siderable differences in mean gonad wet mass and
gonad index for the tteding group as compared
to either ofthe fleld collections. Moreover. thcre
appear to be no biologically meaningtul differ-
ences ln gonad mass and gonad index among the
March ard June field collections. Urchins liom
the Mrch, June, and supplemental feeding groups
had average gonad masses of 11.0 t 1.1 , 12.9 t
1.2 g. and 3.1.4 t 1.5 g respectively. Gonad indi-
ces in the same order were 2.9 t 0.3, 3.5 I 0.3,
and ll.3 t 0.,1. Horizontal test diameter and total
wel mass varied little among groups and argu-
ably display no biological differences between
the three groups.

Plots ofgonad index and gonad wet mass ver-
sus test diameter illustrate dift'erent relationships
between gonad mass and body size within the field
and fed collections (Figure 2). No significant cor-
relation. uere noted betwecn gonad mr.: or in-
dex and test diameter for either of the field col-
lections. However the supplemental f'eeding group
displayed signiticant conelation between diameter
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and gonad index (r=0.51: P<0.001) as well as
between diameter and gonad mass (r=0.49:
P<0.01). We have fitted all relationships as l in-
ear although gonad index has been shown to be
nonlinear in relation to test size (Conor 1972).
Our decision to use l inear corelation is due to
the nafiow size range of urchins samplcd lbr this
study.

We noted the presence of dark brown gonads
among the field collections and the supplemen-
tal feeding group. The March and June field
samples had a high percentage ofindividuals with
very dark brown gonads (March sample = 4?q.,
June sample = l7%) conpared to the supplemental
leeding group (27c) (Chi-squared = 2S.29,
P<0.001). The imporrance of gonad color is dis
cussed below.

Discussion

We conducted the feeding trial using giant red
sea urchins collected fiom severely grazed urchin
barrens habitat. Gonad indices for the March and
June collections were 2.91 L9 (n=.15) and 3.5 !

174/o
47%

Figure l Rcsults of lhe feeding experiment compared lo field poputarions before (M.rjchi n = .15) and afrer (June; n = 30) rhesupplemental leeding (Fedl n =.13). Data are presented as means 1 I SE for horizonral tcllcliameler. totat wet mass.gona'l wet mas\' and gonad indcx valucs above clTof bars in the gonad inder plot are the prc'portions of indiriduais
\rith dark bro$,n gonads jn each sanple.

1.8 (n=30) respecrively. The lack of a biologi-
cally meaningful difference between the two time
perrods is unusual because giant red sea urchins
n'ould normally be increasing in gonad index
drring this tine. wirh a peak achieved in May
(Bemard 1977). Hou'ever, urchins ffe known to
exhibit plastic responses in the allocation of re-
sources to body components (Eben 1980; Thornp-
son 1982: Edwards and Eben l99l;Levitan l99l ).
The lower percentage of individuals displaying a
state of stan"ation in the June sample may mean
that urchins are reallocating resources ro prepare
tor spawnlng. The relatively low values fbr go-
nad indices (compare to McBride et a]. l997jof
the free-rangiog red sea urchins rellects the poor
quality ofhabitat ar rhis site. The much increased
gonad index fbr the supplemental leeding group.
8.3 12.3, suggests food availabil iry was l i; i t ing.

Therc are two interesting trends in the come
lation dato ofFigure 2. First. the urchins sarnpled
frorr the field (March and Junc) display no iela
tionships between test diameter and gonao mass
or index. This suggests that in stan ed urchins above
8.0 cm, gonad mass is relatively constant and
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probably at a minimum value that is independent
of size. Convcrsely. urchins in the supplemcntal
feeding group show r positive conelation between
size and gonad rnass. Second, the trcnds between
size and gonad indcx and bet\\,een size and go-
nad mlss are opposite. The positive correlation
bctween size and gonad mass indicates that larger
urchins increased thcir gonad mass signiflcantly
morc than snallerwchins did. However. the nega-
ti\,e association bctween size and gonad indcx
indicates that as a proponion to total mass, larger
urchins are increasing their gonad mass lcss than
rma l le r  u rch ins .  C i r  en  lh i \  J imr  n  i .h ing  re tu rn  in
gonad inder, along with a market prelerence tbr
smaller urchins (Sloan 1986; Rogers-Bcnnett et
al. 1995 ) and the impodance oflarger urchins tbr
the recruitmcnt ofjuveniles (Tegner and Dayton
1977: Breen et al. 1985; Rogers Bennett et al.
1995). managen should considcr setting upper
size limits lbr rny urchin harvesting or enhance-
lnent program.

Underslanding the rclatiorship between food
supply and gonad index is crit ical to the develop-
ment of sca urchin aquaculture and harvesting
programs (Minor and Scheibling 1997). Recent
rvork evaluating aquaculture tcchniques for sea
urchins (Klinger et al. 1986: Lawrence et al. 19971
McBride ct al. 1997) has relied on thc use of arti
ficial l'eeds to inprcve the quality of fishery ur-
chins. Klinger et al. (1986) and La$rence et al.
( 1997) both repofied enhancement after offering
artif icial feeds 1(] green sea urchins (S.
.!roebdc hi en sis ) rndto the t.Jchin ktxechiruts albus.
McBride et al. 11997) showed no significant dif
t'ercnce between giant red sca urchins fed bull
kelp versus an anificial diet. McBride et al. (1997)
observed grcater gonad indices 1br urchins fed
bull kelp (17.3 I ,1.7, SD), than we obtained fbr
urchins fbd giant kelp (8.3 :! 2.3, SD). Two fac
tors n.uy explain this difference. We fed urchins
fbr a total of 83 days as opposed to 120 days re-
ported in McBride et al. (1997). AIso, our selec-
tion of urchins liom barens habitat mcans that
we uscd ulchins of lower init ial body conditiol
than the urchins uscd by McBride et al. (1997).
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This lower body condition would result in more
time being requircd to increase gonad mass.
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