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Chapter 1 

The red sea urchin, Strongykentriotus franciscanus (Agassiz), is common rn shallow 

rocky subtidal habitats throughout the west coast of North America (Bernard and Miller 1973). 

from the southern fip of Baja Caiifomia, Mexico to Sitka and Kodiak. Alaska and on the Asiatic 

coat  as far south as €he southern tip of Hokkaido Island, Japan fi(ato and Schroeter 1985). S. 

franciscanus is the largest and most abundant qpecies of urchin found in British Columbia (B.C.1 

(Bernard and Miller 1973) and is important both ecdogicaliy and economically. The red sea urchin 

is fished commercialfy by divers, to a W  15 m depth throughout the coast of 8.C. (Campbell and 

Harbo 1991). Two other species of sea urchins, the green (S. droebachiensis) and purpie urchins 

(S. purpurafus), duse relatives of red urchins, are also present in B.C. but are less abundant. A 

fishery also exists k# the green urchin (CmpkH and H a h  1991). 
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r&men grw&s* i = r ~  .'trr;cr-rrn barrens", Hamu and Pease (1967) rwiewed the interactions 

betweem Wchkis amE k&p -S and suggeste that iire ~ i o g t d  impact of echlnoids often seems 

& be cw none. UK&& ~ $ 3  pt7efa;;Y stay in cryptic habitats and feed on drift algae, having little 

mpad on atbckd p t m .  When d i M s  change past some 'tfireshotd', urchins leave their 

s k k  2nd sfart f-&ri an -eb a@, which wentuaiiy leads to the formation of barrens. 

The h e r  depth fimt of W p  forests cornmanly coincides with high urchin densities (Druehl 1978, 

rewiwed in Hm&d assd Pea~se  fW7), the upper limit of the urctim might tie mntroiled by waves 

frwiwed in H a r M  P e a s e  3987). afg;azing (of macrosc+pic atgae) is not necessarity 

fotiowed by urchin p o p u r n  cr;rsires fix several reasons, primarily the urchins' ability to utilize 

aftemate resources suc6r as benthic diatoms, less-preferred foliose and encrusting algae, and 

detntw (Duggins 1%#]. Furttteme, detached drifting algae are frequentfy ptentiful regardless of 

W urchin concentiatkms (Duggins 1981)) and red urchins are very efkient at capturing drift 

(Duggins I98t j .  Banens can therefwe persist for a bng time, despite the low algal standing 

sWks. The abiw tu feed at a Crib rate on a variety of both piant and animal foods, to move over 

k g e  areas while foraging, and 150 persist despite low food levels make We regubr echinoids a 

- a . ~ a  ---- aid imwi-ii bk mapxi& of the mafine environment (Lawrence and Sammarco 

$982). 

MIIrem &em are dense urchin pqtuktims, urchin grazing ia- accounts for the very 

k&ed distribution of m d g a e  in shMw water (Himelman et al. 1983). Removal of S. 

dm-n*" which is abmdat in shallow subtidai rocky habitats on the east coast of 

CanadaMda a& a large incn?ase h algal species diversity and, abundance increased about 

et al. 1983). Smafl urchins (c 10 mm) w K i  had not been 

r e n r r v e d ~ a ~ ~ ~ ~ c o m p a r e d t ~ u ~ i n s o f ~ s a m e s i z e i n m t r o l a r e a s w i ~  

ero tmmaiX) shmiag that there is strong i- wrnp&Bm for foocl, and gnrwth is markedly 

by aigaf cesz#~roes (t-Wm&m et al. 1983). Urchins, by strongly limiting the distribution 

of , great& reduce benthic primary productivity (Himmetman et al. 

dW3) .  P a i n e a n d V ~ ( l ~ a ) ~ ~ i n c r r # s e d ~ ~ n d a n c e a n d s p e c i e s d i v e r s i t y  
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after removing S. purpumtus from tide pools and S. fmndscanus from subtidal areas i~ 

Washiwion. Levitan (1988 a) showed algal biomass to increase 30-fo!d within 6 mo afer a m s s  

mortality event that killed 99% of the urchin Diadema antillarum in the U.S. Virgin Islands. A later 

increase in Diadema mean test diameter caused the urchin biomass to increase 42-fold causing 

algal biomass to decrease by 84% (Levitan 1988 a). Scheibling (1984) reported similar results 

after mass mortality of S. dmbachiensis, due to disease, occurred on the Atlantic coast of Nova 

Scotia. Experimental removals of red, purple and green urchins in Torch Bay, Alaska, led to 

drastic increases in algal biomass and diversity which then decreased (but still stayed at levels 

higher than the pre-removal conditions) as succession progressed and Laminaria groenlandica 

Rosenvigne became dominant (Duggins 1980). 

The importance of sea urchins to subtidal community structure has also been 

demonstrated by following community structure after arrival of sea otters (Enhydra lutris) along the 

mas& of the north-east Pacific. In British Columbia, sea otters are the most important predator of 

sea urchins, and possibly the only predator capable of regulating urchin abundance (see Breen 

1980), with the possible exception of man. After amval of sea otters in an area, either through 

expanding their range or by re-introduction, urchin abundance decreased and algal abundance 

increased (Breen et at. 1982. Watson 1993). Algal species diversity generally increases shortly 

after urchins are excluded. Successim then takes place and one or more competitive dominant 

species (generally perennials) come to exclude tine competitivefy inferior (generally annual) 

species (Duggins 1980, Paine and Vadas 1969 a, Watson 1993). Where sea otter foraging was 

intense, red urchindominated communities on western Vancouver Island became aigaldominated 

within a year (Watson 1993). Ekewhere. the red sea urchin can dominate the subtidal zone, 

except for a shalkw algal fringe to which kelps are restricted (Breen et al. 1982). Sea otters have 

been qualified as keystone predators in nearshore communities of the north Pacific Ocean (Estes 

and Palmisano 1974, Estes et al. 1978). By reducing sea urchin abundance, sea otters promote 

the growth of kelp beds, and this in turn may affect populations of other invertebrates, fishes, and 

predators of fish (Breen et al, 1902). The sea otters' great impad on community structure is 
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because they are preying upon organisms (sea urchins) that would othewise overgraze basic 

resources (Duggins 1980). M e n  sea otters are present, decreased abundance af sea urchins, 

the competitive dominant herbivores, leads to lower competition between herbivores (see Estes et 

al. 1978), whereas competition between macro-algae increases due to lower grazing pressures 

(Estes et al. 1978). 

Although sea otter predation can sometimes strongly infiuence community structure, the 

effects are not all-or-none as the previous section may suggest and the "keystone" aspect of sea 

otter predation has been questioned (e.g+, Foster 1990, Foster and Schiel 1988). Foster and 

Schiel (1988) showed that < 10% of sites surveyed in Califomia outside the present sea otter's 

range (but within the sea otter's historical range) were deforested of kelps by sea urchins. 

Variability across a range of composition, rather than stability in one of two possible states over at 

least one turnover of kelp and urchin populations, is characteristic of kelp forest communities in 

California (Foster and Schief 1988). Several other factors than sea otter predation can influence 

the presence of macroalgae and the structure of nearshore communities (Foster and Schiel 1988). 

Juvenile red sea urchins are often found under the spine canopy of adults (Breen et al. 

1985, Tegner and Dayton 1977). The sheltering of the juveniles under adults has hrvo advantages 

for the juveniles. First, hiding under the spine canopy of adults protects juveniles from predators 

(Breen et ai. 1985, Duggins 1981, Tegner and Dayton 1977) thus increasing survival. Tegner and 

Levin (1983) showed predation on juvenile red urchins, by the rock lobster Panulinrs interruptus, 

to be tower (<50%) when spine canopy shelter was present. Second, sheltering provides juveniles 

with s e s s  to food capturd by adult urchins (Breen et al. 1985, Duggins 1981, Tegner and 

Dayton 1977). Juvenile green and purple sea urchins also occur under adult red urchins (Duggins 

1981. pers. obs.) but rarely under adults of their own species (pers. obs.). Red urchins have 

ionger spines and are farger than purple (Tegner and Levin 1983) and green urchins; therefore, 
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adult purple and green urchins cannot physically provide much shelter. Juveniles hiding under 

aduk are ~m&bi &!an !hose associated with the edge of adufts of those in the open fBwen ei a1 

1985). As urchins grow bigger. they move towards the periphery of the spine canopy (Tegner and 

Dayton 1977) until they are too large to get any protection. 

Cameron and Schroeter (1980) showed that urchin larvae do not settle preferentially 

under adults and suggested that the association of juveniles under the adults' spine canopy could 

result from differential mortality of exposed and sheltered juveniles, or from migration of the 

juveniles under the adults. Breen et al. (1985) showed the latter hypothesis to be true and that 

protection from predation, rather than access to food captured by adults, is the most important 

function of the adult-juvenile association. In California, almost all juveniles (>80%) are found 

associated with adults (Tegner and Dayton 7977). In British Columbia, however, about a third of all 

juveniles are found in the open (Breen et al. 1985). The lower number of juveniles protected in 

B.C. might be due to lower predawn pressures since there are fewer fast moving predators of sea 

urchins in B.C. than in California (green et at. 1985). In B.C., there are no equivalent species for 

the spiny lobster (Panulims intemptus). the senorita (Oxyjulis califomica) or the sheephead 

(Semi~wssphus ptilcher), three fist moving predztors found in Califcrnia (Brwr! et a!. 1985). The 

longer spines of red, compared to purple urchins are also an advantage to large individuals. 

Tegner and Dayton (1981) showed that some urchin predators prefer purple urchins over red ones 

and associated this difference to the increased protection from predation offered by the longer 

spines of red urchins. 

The Red %a Urchin Fbhew in British Columbia 

In B.C.. commercial, sports and native fisheries exist for the red sea urchin; the latter two 

are, however, much smaller (< I% of landings) than the commercial fishery (Campbell and Harbo 

1994). Commercial exploitation by divers started in the early 1970's (Bernard 1977). Landings 

increased during the 1980's and were moderated. in the south coast of B.C., by quotas, Later 
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rncreaxs in landings were due to the development of the fishery on the north coast (Campbell and 

H a b  ?99ij. Further reguiauuns inciuded minimum and maximclm narvest size, area rotation 

cbsures, season closures and license limitations (Campbell and Harixt 1991). Demand for urchin 

roe has increased in recent years (Campbeil and Harbo 1991). The fishery peaked in 1991, at 

over 12 000 tonnes landed, and decreased to slightly over 6 000 tonnes landed in 1992 (Rick 

Harbo pers. c0mm.j- In 1993, landings, for the entire coast of B.C., reached 6 264 tonnes worth $ 

5 271 000 to the fishers (Depa-t of Fisheries and Oceans Landings Statistics) for an average 

price of ,f 0.84 per kg. Heady 95% of harvested sea urchins are exported to Japan (Fisheries 

Satistics, Vancouver). Urchin roe can be sold fresh, frozen, canned, salted (Mottet 1976) or 

preserved in alcohol (Bemard and Miller 1973). 

The suggested minimal fishable density (for the fishery to be profitable) is ca. 5 urchins/m2 

but fishing very dense colonies (30 urchinslm2) is not profitable because gonad yield is inversely 

correlated with density (Bernard 1977). The main possible effects of commercial harvesting on 

urchin populations are a decrease in the reproductive output, due to the lower number of 

individuals, and fertilization success, due to increased distance between spawning individuals. 

Aggrqaticms of the urchins Wat remain after harvesting (Breen el ai. 4978) might enhance 

reproductive success under lower densities. On the other hand, Levitan et al. (1992) argued that 

even if a small number of animais dump, fertilization scccess may stil be low. Another possibly 

important effect of harvesting on urchin populations is the decrease in space available under 

adults for juveniles to shelter (Tegner and Dayton 1977) possibly leading to decreased juvenile 

sunrival that could threaten recovery of exploited stocks. Tegner and Daytm (1977) have also 

shown that recruitment to fished areas is lower than that to unfished urchin grounds. 

of F w  0 on Sea w i n  Growth. Gonads and J a w  

The effect of feeding ievel and diet on urchin growth, gonads and jaws will be discussed in 

detail in the following chapten, only a brief introduction and overview are presented here. 



Test height (TH) of the red urchin's skeleton is roughly half the length of the test diameter 

(TD). The gonads (reproductive organs), also referred to as roe, are the parts of the urchins that 

are sold commercialiy. Factors influencing gonad condition are thus of interest both for ecological 

and economic reasons. Biologically, gonad size is probably their most important aspect; 

commercially, however, color (Kramer and Nordin 1975) and texture influence quality. Bright 

yellow and firm gonads are preferred over darker, softer roe. 

Growth rates of any species (of echinoderms) can be greatly affected by the availability of 

resources (Lawrence and Lane 1982). Several studies have shown various food items to produce 

different growth rates in several species of urchins, including S. franciscanus (reviewed in 

Lawrence 1975). Foods that provide the best growth, generally a few species of kelps, are 

preferred by urchins over other foods (reviewed by Lawrence 1975, Keats et ai. 1984, Vadas 

1977). The bull kelp, Nereocystis luetkeana (Mertens) Postels et Ruprecht, is the preferred food of 

urchins on the Washington state coast (Vadas 1377) ii~tiile in California, the giant keip, 

Macrocystis pyrifera (L.) Agardh, is the preferred food of sea urchins (Leighton 1966). In general, 

foods that support somatic growth will also support gonadal growth (Lawrence and Lane 1982, 

Vadas 1977). The growth rates of several species of urchins, including the red urchin, are 

correlated with the degree of algal growth and the occurrence of drift algae (reviewed in Lawrence 

1975). i.e., food quantity. Growth rate also changes with the age or size of the individuals. In 

echinoids, rapid growth rate of juveniles and a slow growth rate of adults generally occur (Ebert 

1982. reviewed in Lawrence and Lane 1982, Vadas 1 977). 

The effect of food type, i.e., diet, on gonadal growth has been demonstrated for echinoids 

(Lawn et al. 1980, reviewed by Lawrence and Lane 1982, Vadas 1977). Food quantity also 

affects gonad size. In sea urchins, there is an inverse relationship between reproductive effort and 

food ration (Thompson 1983). In Evechinus chloroticus, gonad size was lower at locations with low 
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food availability compared to locations with abundant food (Dix 1970). Druehl and Breen (1986) 

have shown that experimental reduction in algal abundance, by harvesting the giant kelp 

Macrocysfis integtifolia Bory, leads to a decrease in gonad index and a darkening of gonad color, 

in S. franciscanus and S. droebachiensis; a decrease in the abundance of drift algae was also 

observed. 

Different characteristics of food can affect 1) consumption rate, 2) digestibility, 3) 

absorption, and 4) composition (Lawrence arrd Larie 1982). Each of these can influence growth, 

although separating the effects of the different characteristics on somatic and gonadal growth is 

difficult (Lawrence and Lane 1982). 

Before discussing the different factors that influence jaw size in sea urchins, a review of 

the feeding apparatus of urchins is in order. The urchin's feeding system, the Aristotle's lantern 

(Fig. 1.1)' is a complex system made of 40 skeletal parts: 5 teeth, 10 demipyramids, 10 epiphyses, 

5 rotules and 5 doubre elements forming the compasses (reviewed in De Ridder and Lawrence 

1982). The demipyramids, which are also referred to as jaws, are attached in pairs to form the 

pyramids (Fig. 1.2, 1.3). The pyramids have a groove running vertically through which the teeth 

pass (one tooth per pyramid). The teeth grow continually at the aborai end of the lantern and then 

sfde through the pyramids, from which they emerge at the oral end. One epiphysis, serving for 

muscle attachment, is attached to the top of each demipyramid. Associated with this skeletal 

system is a network of muscles acting to raise and lower, and open and close the lantern 

(reviewed in De Ridder and Cawrence 1982). 

Feeding condition of sea urchins influences the size of their jaws relative to test diameter 

(TO), i.e., the jaw length (JL) to test diameter ratio (JUTD). Relative jaw size of several urchin 

species increases with tow food levets in the laboratory (Chapter 2 and references therein). 

Differe~~ces in J m  between wild populations have generally been attributed to different food 



a1 end ,Rotules 

Figure 1.1 : Red sea urchin Aristotle's lantern. Compasses 
(at the aboral end) are not shown. 



Figure 1.2: Single red sea urchin pyramid and tooth. 



Epiphysis / junction 

Fire 1.3: Red sea urchin demipyramid 
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levels between locations. Diet also influences jaw size (T. Morris and A. Campbell pers. comm., 

Chapter 3). Sw- et a!. (3984) showed that !arger jaws increase an urchin's grazing ability. The 

altered relationship between the size of the test and demipyramid under food limited conditions 

appears to be a general phenomenon (Levitan 1991 a). 

uctive Bioloav of Sea Urchins and the Role of Dens@ 

The size at first reproduction in the red sea urchin is ca. 50 mm (Bernard and Miller 1973). 

Sea urchins are broadcast spawners, they release their gametes in the water where fertilization 

occurs (Campbell and Harbo 1991) and the sexes are separate (Bernard 1977). Spawning is 

episodic, involving limited groups, even in a continuous population (Bernard 1977) and takes place 

between May and June in British Columbia (Kramer and Nordin 1975). 

Reproductive success is important for commercially exploited populations since this can 

influence population recruitment. Reproductive success is not only dependent on gamete 

production (i.e., reproductive output), but also on fertilization rates which are largely i:ifluenced by 

a variety of factors. Therefore, estimating reproductive success from gamete production alone can 

be inappropriate and misleading (Levitan 1991 b). Levitan et al. (1992) showed that group size, 

aegree of aggregation, position within a spawning group and water flow all affect fertilization 

success, and therefore reproductive success in red urchins. Low gamete production, per 

individual, at high density can lead to similar or higher reproductive success (i.e., number of 

offsprings produced) than high (individual) gamete production at low density due to increased 

fertilization success at high density (Levitan 1991 b). Keats et al. (1984) showed that the percent 

body weight of spawn produced by green urchins decreases with depth. However, gamete 

production per unit area was highest at the algal-urchin zone interface, despite a lower gonad 

index, than in the algal zone itsetf where the gonad index was highest (Keats et al. 1984). The 

increased gamete production was due to higher urchin biomass (Keats et al. 1984). Density of 
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maies affects fefilization rate in Diadema antillarum with the fertilization rate ranging from 7.3 to 

45% at 1 and 15 mafes/m2 reqxx:iv.;ef.j f Levitan t 99: 5). 

When population density decreases, distance between individuals generally increases, 

unless the individuals clump together. Levitan (1991 b) showed decreasing fertilization success 

with increasing distance between sperm source and eggs, due to the dilution of the sperm as it 

diffuses over larger volumes. Both the number and distribution of point sources of sperm release 

are important factors in fertilization success (Levitan 1991 b). Not only is the density of spawning 

individuals important but also the numbers of urchins spawning. When a few rare individuals 

clump, and spawn, the probability of fertilization increases slightly (Levitan I991 b). When many 

individuals are at high density, and spawn, the probability of fertilization increases greatly (Levitan 

1991 b). For this to happen, however, good synchrony of spawning between individuals in the 

population would be required. Temporary spawning aggregations would increase the likelihood of 

fertilization at low population density and reduce the nutritional costs of living at high density 

(Levitan 1991 b). 

Fertilization decreases with increasing water flow due to rapid dilution of sperm (Levitan et 

21. ! 992) and high tu&u!ence qrr-kky d!!rr?es gametes below the concentration where fertilization is 

likely (see references in Levitan 5991 b). Under normal flow conditions associated with the 

spawning season of S. franciscanus on the west coast of Vancouver Island, the number and 

distribution of spawning conspecifrcs can have an important impact on fertilization (Levitan et al. 

1 992). 

Levitan et al. (1 9%) showed, b r  S. franciscanus, that sperm concentration has the 

greatest effect on fertilization followed by sperm-egg contact time and sperm age. Fertilization rate 

dropped from 80% to 3% (in the laboratory) with a decrease in sperm concentration from 10' to 

lo2 spedml  (Levitan et al. 1991). They argue that, since sperm becomes diluted very fast in the 

wiM, only factors that change before sperm is too diluted to fertilize eggs are reievant to 

fertilization success; sperm age is therefore not important while sperm-egg contact time is. 
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After fertilization, development of the planktotrophic lame begins and lasts until 

~ W m e n t  and mota.mrp!-dr. the whob process !as?ing 62 to 133 days (Strathman 1978). This 

reproductive pattern (long pelagic larval life) ensures a wide distribution of new individuals 

(Bernard and Miller 1973) which is strongly affected by current patterns (Tegner 1989). Larvae 

may be carried hundreds or perhaps thousands of kilometers from their source (Ebert et al. 1994). 

Settlement in Strongylocentrol- spp. is sporadic and highly variable in time and space (Bernard 

and Miller 1973, Ebert et at. 1994, Kawamura 1973, Mottet 1976, Sloan et al. 1987). Recruitment 

to established populations and the establishment of new colonies are infrequent (Bernard 1977) 

and recruitment is generally low, averaging 7% (Breen et al. 1978) to 9.5% (Sloan et al. 1987) in 

British Columbia. However, Tegner (1989) stated that suitable substrate for settlement is not likely 

to be limiting as long as excessive sedimentation or pollution are not an issue. Sea urchin larvae 

settle on algal and bacterial films (Hinegardner 1969) which are ubiquitous in the sea (Cameron 

and Schroeter 1980). Lawal survival can be influenced by the feeding condition of the mother 

since the lipid and energy contents of eggs are lower in urchins fed lower rations (Thompson 

1983). 

of this Study 

In view of the Importance of diet. food abundance and density on gonad condition and jaw 

size of several species of sea urchins. the? present study was conducted to investigate the 

relationships between these factors in S. fhnciscanus in British Columbia. 

The first objective of this study was to investigate the effects cf factors such as feeding or 

starving on growth of test, gonads and jaws of red sea urchins in the laboratory. Studies have 

shown effects of food fevel on somatic and gonadal growth (see previous sections and later 

chapters) of several urchin species but relatively little work has been done with the red urchin. 

Food abundance has also ken related to gonad color and texture but little has been done to 

determine how gonad color and texture are affected by this factor, probably because these factors 





Chapter 2 

Growth of test, jaws and gonads of fed and starved 

red sea urchins 

Growttr of sea urdhrrrs depends on the amount and qualrty of food provided (revrewed rn 

Lawrence and tam 4982) F&mg afso affects jaw sne of sea urchins Rebtrve jaw srze, or jaw 

iengtlt to test d c m & ~  ratKt (JLITDj, has b n  shown to be trigher when food abundance a low 

than when f a d  is a b u m  an severat spectes of urchins (Sbck et af- 1982, 1984, Ebert 1980 

Levitan 1991 a). E M  ($9843) suggskd ahat having a larger J U m  allows urchms to gather more 

fssrd Bkzk d a! C1984) sbued W E d r m  mylaef with a: iantern mid obtan more 

fcxxl than those HAttr ~ ~ & B s s r  b-, thus demonstrating the furmarial significance of the relative 

sne of ttEe ArssWs imkm A 4rge tatrtem s Wefore an advantage for ufctrtns under low food 

coFtddms Sgyefai stud= have sham @a3 the test can shrink wtren urctrtns have lrttte or no fwd 

( E M  1967, Levitam 1988 h mmwed by Lawrence and Lane 1982). Three possible mechanisms 

awkd ercpi;i.p.r the maease m Jtm)  under kw food conditions: 1) tlse jaws coukl grow while the 

fesl ~ ~ a t l r s  five samesame 2) ttie jaws cousd stay the same sae while the tiest shrinks, 3) the jaws 

grm wh& the tesl slhrrmics.. tswbn (1991 a) showed aaX, m D M m a  anfillarum, 

~ ~ W ~ s i O W ~ ~ i e a ' s R m i c P i , ~ n o f o o c i ~ s  

9- @K WZEG ~llWrn] +& *i=̂ N O  5 : ~ i d i ~  

#rRwdh imcbmm ha& true in red urchins. Ektrt and Russeli (1992) suggested 

bemcmcanaffzedtkmnotiterspeclesofsea 
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urchins and noted tbe need to obtain more information on the response of S. franciscanus to 

changes if3 fad 8vT&ibw. Urchins prdvkied Wit ampie, gcxtd quai*, food show a decrease in 

the decrease in JL/TD could explain JLfTD. Similady to starved urchins, three mechanisms 

depending on test and jaw groa;vth rates. 

Gonad condition is also affected by feeding level and food quality in sea urchins 

(reviewed in Lawrence and Lane 1982). Gonads are small when urchins are fed l~ttle or poor 

quality fwd  and larger when they are fed sufficient amounts of good quality food. Color and 

texture, intpoflant aspects d p a d  qua!@ for the fishery, are also influenced by feeding condition. 

The purpose of the present study was to investigate the effects of feeding or starving on 

red sea urchins. Test growth, jaw growth. JUfD and gonad condition, i.e., gonad index, color and 

texture, were studied. The experiment was conducted in the laboratory, over a 5 month period, 

with two size classes of juveniles and also adult urchins. To determine which mechanism governs 

the changes in JtfTD witb more cmbinty, tetracycline tagging was used in the juveniles. 

iebacycline binds to the calcium that is deposited in the skeleton during growth, thus providing a 

time mark (Edwards and Ebert 1991. Gage 1991, 1992, Ebert and Russell 1992). Tetracycline is 

iilmptra td iii 'i5-e 3k-gd-- -Î A. b l ~ ~ j  â-e L..- ~~~jectbli, piducing a +tag tine, seen under u!tra-violet fight 

(Mi causes fluorexence of tt.te tetracycline). Any calcite seen past the tag line, e.g., on jaws, 

was bepasited after tagging. 

The effeds of feeding a d  starvation on growth, gonad condition and jaw length to test 

d m t e r  ratio (ftTTD) of red sea urcblns from 3 size classes were investigated In the laboratory 

Mutt urchms. 70 - I f 0  mm TD. and two sae classes of jwemies: 15 - 26 and 47 - 56 mm TO, 

viere mkctd off Maser Point (tat 49"WW PI Long. 125"57'35" W) on Vargas Island near 

Tofino (Figure 2-11 on OGtober 26, f 993. A sample of urchiiiff in each sire class was measured for 

TD and test beght m), weighed and disseded before the experiment to detemune rnftial gonad 



Figure 2.1: Map of Vancouver Island showing the location of 
Tofino and Moser Point 
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coftditiorr and JLfTD (see below for a description of gonad condition and JUTD determination). 

Twenty adrrtts, 26 juveniles in the smaller size class (later referred to as size class 1 f and 11 of 

the larger juveniles (size class 2) were dissected. For rach of the three size classes, half the 

urchins were randomly selected to be starved (total starvation) and the other half to be fed frozen 

Alereocystis luetkeana ad libitum. Nereocystis was chosen because it is a preferred food of sea 

urchins (Vadas 1977). Large quantities of Nereocystis blades were frozen because Nereocystis is 

an annual and dies off in late fall and no high quality alternate food source was available. TD and 

TH (measured with vernier calipers to the nearest 0.5 rnrn for adults and 0.05 rnm for juveniles) 

and total weight (measured to the nearest 0.1 g) were recorded at the beginning of the 

experiment. Three measurements of TD (taken from the center of an ambulacrum to the center of 

%e opposite interambulacrrim) per individual urchin were taken to minimize possible differences 

due to slight test asymmetry. The experiment with adult urchins started on October 31, 1993, the 

one with juveniles started on November 16. 1993. The feedinglstarving was conducted for 152 

days after which the urchins were measured, weighed and dissected to determine gonad 

condition and JWD (see below). The adults were sacrificed on April 1 and 2 1994. Juveniles 

were sacrificed between April 17 and 20 1 934. 

Adult Urchins 

Four groups of 15 randomly selected urchins were used in the experiment. Two groups 

were starved and the other two were fed (Figure 2.2). Each group was held in a ca. 800 I tank 

supplied with flowing filtered seawater and aeration. Approximately 1.5 kg of food per tank was 

provided every 4 to 5 days to ensure excess Nereocystis was atways present in the fed treatment. 

Ai tanks were cleaned (of kft-over food and feces) by siphoning each time the urchins were fed. 

Seawater temperature was ambient seasonal (8-9 "C) and the urchins were kept under normal 

photoperiud. 





Juvenile Urchins 

Half the urchins in each size class were starved while the other half were fed. To 

investigate the dynamics of jaw growth, half the urchins of each feeding treatment and size class 

were tagged with tetracycline folfowing the methods of Ebert (1980). The other half of the urchins 

were kept as nontagged controls (Figure 2.2). Tagging was performed by injecting 0.1 to 0.5 rnl, 

depending on the urchin's size, of a solution of 20 g of tetracycline per liter of seawater through 

the anus using syringes with 22 or 25 gauge needles. 

In size class 1, both fed (tagged and nontagged) treatments were randomly assigned 5 

tanks while the starved treatments received 4 tanks, each tank containing 10 urchins. In size class 

2, each of the 4 treatments (fed-tagged, fed-nontagged, starved-tagged, starved-nontagged) was 

randomly assigned 3 replicate tanks containing 5 urchins each. The urchins were held in 50 1 

tanks with flowing filtered seawater (at ambient seasonal temperature) and aeration. Fed 

treatments were provided ca. 0.4 kg of food per tank each 4 to 5 days to ensure excess food was 

present at all times. All tanks were cleaned before each feeding. 

. . n Go ad Condition and Jaw Lenath to T e s u M o  De- 

Gonad condition was estimated using 3 variables, i.e., gonad index, color and texture. The 

gonad index of the urchins was calculated as: 

Gonad Weight, g 
Gonad Index = X 100 

Gutted Weight, g 

where Gutted WeQht is the ?&I weight of the urchin (including gonzds) after draining the 

coelomic cavity and removing food from the gut Color and texture of the gonads were both 



recorded on a scale from 1 to 3: 1 = yellow or firm, respectively, (high quality), 2 = yellow with 

other colors or semi-firm, and 3 = brown or flimsy, respectively, (low quality) gonads. 

The methods of Ebert (1980) were followed for jaw length to test diameter ratio 

determination. The Aristotle's lantern from each urchin was soaked in bleach (12% Sodium 

Hypochforite) for 24 hours, to dissolve organic tissue. After bleaching, the calcified parts were 

rinsed and air dried. The length, i.e., the distance from the oral tip to the epiphysis junction (Ebert 

1980, Figure 2.3 here), of all 10 demi-pyramids (jaws) from each urchin was measured to the 

nearest 0.Olmm with digital vemier calipers. Jaw length to test diameter ratio was calculated as: 

Mean Jaw Length 
.iLfTD = X 100 

Mean Test Diameter 

where the Mean Jaw Length is the mean length of all 10 demi-pyramids for each urchin and Mean 

TD is the mean of 3 TD measurements per urchin. 

Jaw growth for tagged urchins, i.e.. the distance between the tag line and the epiphysis 

junction (Figure 2.3), was measured with an ocular micrometer under a compound microscope 

using incident ultra-violet light Jaw length was then measured, with digital vemier calipers, to the 

nearest 0.01 mm. 

Each of the 3 sue cfasses were analyzed separately, in each case, the initial conditions of 

the experimental urchins were compared together (with a nested Anova, i-e., tank nested in 

tiS&hiinij arid -with the ssiiipte dissected initially (with a one-way Anova) to ensure that all 

treatments were sirnib: at %e beginning of t!!e experiment Tank effects within treatments, at the 

end of the experiment, were investigated using a nested Anova where tank was nested in 

treatment Since no tank effects were present, urchins from all the tanks within each treatment 



Figure 2.3: Demipyramid of red sea urchin tagged with tetracycline before 
5 months of feeding. A) Oral tip, B) Tetracycline tag mark, 
C) Ephiphysis junction. Distance A-B is the jaw size at the 

time of tagging. Distance A-C is the jaw size at the end 
of the experiment. 
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were pooled together for later analyses. Gonad index and JLirD were arcsine transformed since 

these variables are ratios (Sokal and Rohlf 1981). Two sample t-tests assuming unequal 

variances were used for some comparisons. They will later be referred to as 2 sample t-tests. 

Aduit Urchins 

The final condition of fed vs. starved urchins was compared using 2 sample t-tests. The 

final condition of urchins in each feeding treatment was compared to the condition of the urchins 

dissected at the beginning of the experiment using 2 sample t-tests. 

Juvenile Urchins 

In size class 1, only nontagged urchins were used for growth data because the tagged 

ones suffered high mortality. Two sample t-tests were used to compare between fed and starved 

urchins at the end of the experiment. For size class 2, two-way Anovas were performed to 

investigate the effects of tagging and feeding. No tag effects were noted (see Results) so data for 

tagged and nontagged urchins were pooled for later analyses. 

Two sample t-tests were used to compare the gonad condition and JUTD at the end of 

the experiment, for each feeding treatment, with the samples dissected initially. The final vs. initial 

test diameter, test height and total weight for each feeding treatment were compared using paired 

t-tests where the average initial and final measurements for each tank were paired. 

Differences in jaw growth between feeding treatments, for the tagged urchins, were 

compared using two sample t-tests. The tag mark allowed the measurement of initial and final jaw 

lengths for each urchin, a paired t-test was therefore used on jaw length for each feeding 

treatment. Since the data for initial and finaf jaw length were paired, size class 1 was included 

despite the high mortality rates. 



Resuits 

Growth 

The nested Anovas showed no differences in the size of the urchins (TO, TH, total weight) 

between the tanks, at the beginning of the experiment, for any of the size classes. No differences 

in urchin size were found between the initial sample dissected and the experimental urchins for 

any size classes. The nested Anovas on the final measurements showed no tank effects. 

Therefore, data were pooled for subsequent analyses. 

Adult Urchins 

The final condition of fed vs. starved urchins is shown in Table 2.1. Fed urchins were 

significantly larger than the stawed ones at the end of the experiment for test height and total 

weight; test diameter, however, was not significantly different (Table 2.1). Highly significant 

differences were found for t,h.e three variables measuring gonad condition (gonad index, color and 

texture). Gonads were larger, firmer and of a fighter color in fed urchins than in starved ones. Jaw 

length was not significantly different between the two treatments, but the JL/TD was significantly 

greater for starved urchins than fed ones. 

The final measurements of the fed and starved urchins were compared to the initial 

sample dissected (Table 2.1). Starved urchin size (TD, TH, total weight) was slightly smaller than 

the initial sample but not significantiy different. However, the gonad condition and J W D  changed 

significantly during the experiment Gonad index decreased, texture increased (gonads were 

softer at the end) and JllfD increased. However, no significant changes in gonad color were 

found. Fed urchin size at the end was not significantly different from that of the initial sample 

dissected (Table 2.i) aEthough it averaged slightly higher. Gonad index increased, color 



Table 2.1: Adult red sea urchin test, gonad and jaw growth after 152 days of starvation 
or of feding on i\iereocysris fuetkeana ad iibifum in the iaboratory. 

2.350 1.8551 1.074 0.000f 0.000 
Gonad Texture 2.100 2.5771 2.074 0.0021 0.880 

1 10.7361 6.518 29.5991 0.0001 0.000 
I 17.7371 17.458 17.2691 0.6701 0.244 

19.487 20.399 19.004f 0.000 0.141 
Gonad Index (arcsine trans1 0.330 0.252 0.5751 0.000 0.000 
JLTD (arcsine trans) 1 0.457 0.469 0.4511 0.000 0.143 

values 
Starved 
VS. 

Initial 
0.212 
0.066 
0.398 
0.000 
0.031 
0.000 
0.076 
0.005 
0.000 

n = sample size 
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improved significantly (decreased) but no changes in texture were observed. Neither jaw length or 

JLTD changed dufing t3e ~xpei-iii?ei~i. 

Juvenile Urchins 

In size class 1, final size of fed urchins was greater than that of starved urchins (Table 

2.2). Gonad index was greater in fed urchins. Starved urchins had practically no gonads, i.e., each 

gonad was only a vey thin thread and therefore no color or texture could be determined for them. 

Both jaw length and JLITD were significantly different between feeding treatments. Jaw length was 

greater in fed urchins while J W D  was smaller. 

in size class 2, two-way Anovas were used to test for tag and food effects (Table 2.3) on 

the final condition of the urchins. Tagging did not affect any of the variables except gonad color. 

The interaction between food and tag (in the 2 way Anova) was significant meaning that the effect 

of tagging on gonad color depended on the feeding treatment. Tagging affected gonad color in 

starved urchins but not in fed ones. Gonad color of starved tagged urchins was darker than that of 

fed urchins - tagged or rid - arid that of starved nontagged tirctiins. Food effect was highly 

significant for all the variables studied. Fed urchins were larger with bigger and firmer gonads than 

starved urchins. Jaw length was shorter for starved urchins but JWO was hiqher than these in fed 

urchins. 

Table 2.4 shows the comparisons between the starved urchins and the initial sample 

dissected, for gonad condition and jaw size, for size classes 1 and 2. For the smaller urchins, 

gonad index, jaw length and JWD remained the same. Gonad index did not change significantly 

because the index was already dose to zero at the beginning of the experiment. For the larger 

size class, gonad index decreased, cobr did not change for nontagged urchins but deteriorated 

(increased) for tagged ones and texture remained the same. Neither jaw length nor JUTD 

changed. 



Tabk 2.2: Comparison of final test size, gonad condition 
and jaw length of juvenile red sea urchins (15 - 26 mm 

initial TD) after 152 days of starvation or of feeding 
on Nereocystis iuetkeana ad libitum 

in the laboratory. 

per treatment[Fvalues " ' 

f Variable 

-i z - t t  1 f 

rained Weight (g) 1 2.9491 17.01 1 f 0.000 
utted Weiaht (a) 0.000 

1 no data i 2.4681 - I 
Gonad Index (%) f 0.000/ 16.1071 <0.001 
Jaw Lenritfr (mm) 4.8271 6.51 1 f - -  - 
'JW ( O h )  1 23.5701 18.9321 
Gorrad trrdex (arcsine trans) f 
JUTD (arcsine trans) f 0.5071 0.4501 

*: two sample t-tesfs assuming unequal variances. 
n=smpksize 



Table 2.3: Cornparison dfinai test size. gonad conb!tton and jaw size of tetracyclln+tagged 
and nontagged jwenife red sea urchins 147 - 56 tnitiai TD) that were fed ad irb.tum 

on NereoejWs fuetkeana or starved for a 152 day penod in the laboratory 

i Fed / Tagged i Nontaggec 
I Variable f n = ? 5  1 n=15 

b s t  Heiaht lmml f 24.€67! 23.833 " = ,  I I 

Test Diameter (mm) [ 59-53? 1 59,108 
!Total Weight (g) ( 90.359i 86.101 
brained Weight (9) f 76359i 74-783 
butted Weight (sl 30.1 151 62.673 - 
konad Weiaht (a1 

Gonad Index (%) 

treatment 
Starved 2 way Anova p vatues for ' 

Tagged /df efiect of 
n = 1 5  1 n.14 Tag ] Food ITag8Food 

I 
21.3332 22.1251 0.9761 0.0001 0.236 

Tag * Fwd is ttie interadion term in the 2 way Anova. 
n = sample size 



f Mean per treatment 1 2 sampie t-Test p values 
Sze f V a W  IlnW F e d  I Fi~al 1 Stawed vs 1 Fed vs. 
c~ass 1 /   am pie j starved I ~ e d  i ~nt~a i  ~nitta~ 

t i 1 1 I 

i 1 I n=26 1 n = 2 3  [ n = 4 9  r 

t IGortad ~ e g f t t  fgj ii omai o . m l  2.5:51 >O 201 o ooo 
"&mad ~~~ i s M [ r ; o d a t a 1  : . ~ i  - i h 

f 1 !Gonad Tedkre 

t-testcouMnotbepejf.hmnedsrnce4urd'lkwhavethesamvab - n=14 fw gorrad cub1) d u e s  w are for n-eb ttrctrins. For tagged urchins, n=15, 
mior = 2-067, p < 0.002- Tagged Mmtaggd urchins m e  adysed separately 
srncetagrnghassigMficanteffedsmgonadoolor~seeTaMe2.3~ 

m=sam*sae 
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Mferences k b f e n  the fed S ~ P ~ S  and inltlai samples for gonad condrtmn and jaw size 

an? pesented m T a b  2.4 For buth S I Z ~  cbsses, finai gonad index was htgher and texture lower 

[better) than at !he begnnmg Gonad color did not change Jaw length was htgher but JUTD was 

tower for fed urchtns at fk end of the expenment than for the tntttal samples dissected 

Frnai sizes of urchins were compared by using patred t-test palrtng the average 

m s u r e m n t s  by tank (TaMe 2.5) Stanred urchins In size class 1 dtd not d~ffer in size at the 

beginning and the end of the experiment On the other hand, starved urchins in sue class 2 were 

stgndkantiy smaiw at Me end of the expenment Fed urchms in both slze classes were 

srgndkantly qtarger at tt We except for test heght tn slze dass 2. The lack of difference tn TH IS 

belmed ta be an arbkt  sme M at 107 days - after two thirds of the expenment -- was larger 

man mmal (data not presented berej and Ben decreased whtie both TD and total weight kept 

rmmstng stead@ The lack of evtdence for shnnkage ~n srze ctass 1 rnrght be due to high 

mortality rates of the smalW urchins n that sne class (see next section). whtch would btas the 

mean up and thus mask any shnnkage The urchms that died were mostty ~ 2 0  mm TD. 

The tagged pws provided the opportunrty to ~nvestgate the dynamtcs of jaw growth In 

m r e  detati (Table 2 6) Jaw growth of fed urchins was srgnifbntiy higher than that of starved 

urcSrtns No gr& wuM be seen on any but two of the starved urchms suggeslng that the jaws 

dod Rot grow. G r M  for fhe tM, stawed urchtns was neghgible compared to that of fed urchins 

Absence d m  g r d  M Me d h e  ftanred urchms cannut be rukd otft smce no tag line could be 

Seen 

The $eca;ease m JtrrO observed m fed juvenile urchins (both size &asses) IS due to a 

s i h e r  grewti' -a& d the gaws dabve to tirje growth rate of ttre Tf3 (Table 2 5) attirough JUTD dtd 

mt change qrr&a#y fa staved urchins n sne class 2, the urchins shrunk whtie the jaws did 

M see gruen emugh ttme, ttse JtTTC) ntlwld probably rncsease The 

&sew& mmwse m JUT0 pWWW then be att&&b& to a shmnbge of the test whiie jaws stay 

thesmesae, mtkr@anmanmcreasenpwsae. fnsaedassl,TD,jawkng&and JUTDof 

M W m d s d m  dunng the experiment, however total w q h t  decreased suggesting 



Table 2.5. Growth of test and jaws of juvenile red sea urchins fed ad libitum on Nereocystis 
luetkeana or starved for f 52 days in the laboratory. Measurements in mm, weights in g. 

initial TD of urchins m size class 1 = 15 - 26 mm, initral TD of urchins rn size 
C ~ S S  2 = 47 - 56 mm. Data from tetracycline-tagged and 

nontagged urchins were pooled. 

1 ~ e a n  per treatment[ 1 Mean per treatment1 
Starved p Percent Fed p 1 Percent 

Initial f Final valuess Growth Initial 1 Final values* Growth 
I I I f I i I 

~t I n = 4  I I n = 5  

*: Paired t-test with mean measurements per tank paired together 
": Paired t-test with initial and final jaw length paired for each tagged urchin; n = 9 and 10 

for size class 1 starved and fed respectively, n = 15 for size class 2 fed and starved 
": Cannot perform paired t-test since mean difference =O and standard deviation difference =O 
n = number of replicate t ank  ktr each treatment 



Table 2.6: Analysis of jaw growth parameters in tetracyctine- 
tagged jieniie red sea iirchins that were fea ad iibiium on 

Nereocystss luetkeana or starved for 1 52 days in the 
laboratory. Initial TD of urchins in size class 

1 = 15 - 26 mm, initial TD of urchins in 
size class 2 = 47 - 56 mm. 

Size Class f Variable 

t - .  , I I I . - 

1 [Growth (mm) " 1 0.0231 0.8701 O.GOO 
1 1% Growth *" 0.5081 16.5861 0.000 

Means per treatment I 
Starved 1 Fed I p values' 

t I 1 I r 

I I I n = 9  
I llnitial Length (mm) I 5.175 

n = l O  I 
5.281 0.737 

I 

1 1% Growth (arcsine trans)l 0.031 ) 0.4121 0.000 
1 3 f i 

2 I f n=15 I n = 1 5  j 

*: 2 sample t-tests assuming unequal variances 
**: Average final - average initial jaw length for each tagged urchin 
": Growth 1 initial size X 100, calculated for each urchin 
n = sarnpie sire 

1 [Final Lenath (mml I 5.1981 6.1571 0.014 

2 llnitial Length (mm) 1 10.3671 10.722 
2 f Final Length (mm) 1 10.3671 11.347 
2 [Growth (mm) " 1 0.0001 0.625 . , I 1 

0.166 
0.000 

c 0.001 
2 
2 

% Growth " I 0.0001 5.8981 < 0.001 
% Growth (arcsine trans)l 0.0001 0.2441 < 0.001 
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that shrinking might have started which could later lead to an increase in JUTD. Fed adult urchin 

Jt;  TD and J W D  rwnatned the same during We experiment (Table 2.1). The TD and JL of 

starved adults were not significantly different at the end of the experiment but JWD ratio was 

higher at the end than at the start. Since no differences in TD were found for adults, describing the 

dynamics of jaw vs. test growth is difficult. However, starved urchins shrank in TD (difference was 

not significant) and fed urchins' total weight increased (again not significantly) suggesting that the 

dynamics of jaw growth vs. test growth are the same in adults as in juveniles. The absence of 

significant shrinkage in adults may be due to energy reserves in gonads that would initially reduce 

changes in TD until the reserves are depleted. 

Comparison of JL vs. TD regressions, pooling all laboratory urchins, (Figure 2.4) shows 

that JL of wild urchins was between that of fed and starved urchins. However, the slope for wild 

urchins was significantly lower than that of both fed (p = 0.005, Ancova) and starved (p = 0.004, 

Ancova) urchins. Jaw length in wild juveniles was clcse to that of starved urchins but, as TD 

increased, jaw length of wild urchins approached that of fed urchins. Fed and starved urchins had 

the same slope (p = 0.587. Ancova), however, the intercept was higher (p = 0.000) for starved 

urchins meaning that, for a given TO, starved urchins had larger jaws than fed urchins. 

Initial mortality, in the first 2 weeks of the experiment, was relatively low (Table 2.7) except 

for tagged urchins in size class 1. The high initial mortality in tagged urchins of size class 1 was 

likely a result from the tagging and handling procedure. During tagging, the test of some of the 

smaller urchins (ca. c 20 mm TO) was cracked when inserting the needle through the anus which 

is believed to have caused the high mortality. Tetracycline injection through the anus is therefore 

not recommended for urchins c 20 mm TD. Alternate tagging methods that can be used for such 

small urchins are cakein tagging (T. Morris and A. Campbell pers. comm.) or injecting tetracycline 

through the peristomkl membrane (Rowfey 1990). None of the tagged urchins in size class 2 died, 



0 

Figure 

40 60 

Test Diameter 

2.4: Jaw length of starved, wild, and fed red sea urchins in relation to test 

diameter. Urchins in the two feeding treatments were fed ad libitum on 

Nereocystis fuetkeana (n = 91), or starved (n = 63), in the laboratory 

for 5 months. Wild urchins (n = 57) are a sample, coming from 

the same population as the experimental urchins, that was 

dissedd at t!?e beginning of the experiment,. 



Table 2.7: Percent mortality of red sea urchins for different periods 
of the laboratory experiments, for each size class, feeding (fed 
ad libitum on Nereocystis luetkeana or starved) and tagging 
(tetracycline-tagged or nontagged) treatments. Initial TD of 
urchins in size class 1 = 15 - 26 mm. Initial TO of urchins 

in size class 2 = 47 - 56 mm. Initial TD of adult 
urchins = 70 - 110 mm. 

/size class 1 Treatment 

': Number of urchins that died during the given period / number of 
urchins at the start of the experiment X 100 

% Mortality ' 
Period 

1 -14d 14-152d 0-152d 

1 
1 
1 
1 

Nontagged Starved 
Nontagged Fed 
Tagged Starved 
Tagged Fed 

- 

0 42.5 42.5 
0 2 2 
55 20 75 
80 2 82 

0 6.7 6.7 
0 0 0 
0 0 0 
0 0 0 

3.3 10 13.3 
10 0 10 

2 
2 
2 
2 

Adults 
Adults 

Nontagged Starved' 
Nontagged Fed 
Tagged Starved 
Tagged Fed 

Nontagged Starved 
Nontagged Fed 
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which supports the hypothesis that the high mortaiiiy in size class 1 was due to damage done to 

the urchins while ?agg!ng and n d  an effect sf the tetracycfine ~tseff. 4 fei adult urchins died within 

the first 2 weeks of the experiment. Those deaths are believed to result from the handling and 

measuring stresses at the beginning of the experiment. 

Mortality after the first 2 weeks of the experiment was low (< 2%) for fed urchins but high 

for starved urchins (Table 2.7). Mortality of starved adults and large juveniles (size class 2) was 

relatively low, i.e., < 10%. compared to that of small juveniles (size class 1) which was between 20 

and 42.5% for the last 138 days of the experiment. 

Discussion 

Effect of tetracvcline tam 

The effect of tetracycline on urchin growth seems to vary with species. Tetracycline did 

not affect growth of the purple urchin (Ebert 1988), but Gage (1991) found that Psarnmechinus 

miliars tagged w!t! tetracycline were sIgnfican?Iy smaller than nontagged controls after I year of 

growth, the difference later decreased and was afterwards non-significant. Tetracycline tagging 

did not influence growth of S franciscanus significantly. One negative effect of tetracycline was a 

deterioration of gonad color in starved urchins. The redson for this darkening of the gonads was 

unknown. Although initial mortality was high in size class 1, the tagging procedure (i.e., the 

injection, rather than tetraqdine itself) was believed to have caused the mortality since none of 

the size class 2 tagged urchins died. 

Gage (1991) re- problems in tagging urchins with tetracycline, some urchins did not 

incorporate the tag in the skeleton. Here. only starved urchins did not incorporate the tag in their 

jaw suggesting that the urchins andlor their jaws were not growing at the time of tagging. 

Observation of the jaws of &wed urchins that died show after the beginning of the experiment 

shcwved no tag Line supporting this hyp&&s. The f a  that final jaw size of starved urchins was 
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have rapid growth rates [Lawrence and Lane 1982). This could explain why size regulation occurs 

In 0. anfiIIm~.r?? whi!e starvation occurs in S. franciscanus. 

The alteration of body size in response to altered nutritional levels is of great significance 

to urchins (Lawience and Lane 1982). Benefits should accrue from an increase in size, while the 

ability to decrease in size provides an additional supply of reserves while reducing the body size to 

one that can be maintained at the lower level of food supply (Lawrence and Lane 1982). 

Phenotypic plasticity may have a high adaptive value to rapid and extreme changes in 

environmental conditions (Edwards and Ebert 1991). 

Growth rate of urchins changes with size. Ebert and Russell (1993) reported, for S. 

franciscanus, an exponential phase early in growth followed by a maximum growth rate and a 

decline with very slow growth for large individuals. Here, after 5 months of feeding, urchins in size 

class 1 increased in test diameter by 68% from 20.5 to 34.5 mm. In size class 2, the increase was 

lower at 14.8%, from 51.7 to 59.3 mm TD, while adults (mean initial TD = 91.4 mm) did not grow 

significantly. Both relative and absolute growth rates decreased with increasing size. This supports 

the results of Ebert and Russell (1993) and shows that the maximum growth rate is reached below 

51.7 mm TD, Le., by the time urchins reach 51.7 mm TD their growth rate has already started 

slowing. Not enough data was available to know precisely the TD at which the maximum growth 

rate is reached in S. franciscanus, growth experiments involving more size classes of urchins 

under 50 mm TD would be required. 

Growth estimates for wild urchins at Saltspring Island, B.C., suggest slow growth which 

implies that size is 13.3 mm TD at 1 yr, 25.7 mm TD at 2 yr and 37.2 mm TD at 3 yr (Ebert and 

Russell 1992). However, the urchins used to estimate growth at Saltspring Island were either 

tagged with invasive tags that can reduce growth, or held in cages that may alter natural 

conditions (Ebert and Russeii 1992). Ebert and Russell (1993) estimated that red urchins from 

subtidal populations would take about 12 yr to attain 100 mm TD, in California, and that red 

urchins take 4 yr to grow from 20 to 80 mm iD. Although the results presented here show a higher 

growth rate than Me ones observed by Ebert and Russell (1992, 19931, e.g., from 20.5 to 34.5 mm 
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TO in 5 mo, growth rates are most likely lower in the field where food abundance can be limiting. 

The g ~ o ~ h  fakc fepofled hy E k r t  and Russe!! (1993) were estimated from wild popu!ations and 

may be better estimates of growth in the field than laboratory experiments. However, Bernard and 

Miller (1973) reported that red sea urchins from British Columbia could attain 100 mm TD in 4 to 5 

yr. Knowing growtfr rates is important to determine recovery rates of exploited populations. The 

present minimum size limit for the fishery on the south coast of B.C. is 100 mm (Campbell and 

Harbo 1991). The range of growth rates presented above varies greatly and suggests that growth 

may be slow. Although growth rates are most likely dependent on local conditions in the wild, more 

studies of the growth rate of wild red sea urchins from different areas of British Columbia are 

desirable to obtain better estimates of growth rates of urchins and recovery rates of exploited 

stocks. 

The slow test growth observed in adults might be caused by a shift in energy allocation 

from somatic to gonadal growth. In echinoids, the relative amount of gonad produced increases 

with age and then stabilizes (Lawrence and Lane 1982). In S. drctebachiensis, annual production 

increases linearly with dry weight of the soft tissues, for somatic production this increase is very 

small, since most of the additional energy available in larger urchins is channeled into reproductive 

output (Thompson 1979). Here, gonad index of fed adults increased to 29.6% while, that of 

urchins in size class 2 increased to 26.0%: and that of size class 1 urchins increased to 16.1 %, 

after 5 mo of feeding, suggesting that relatively more energy is devoted to gonadal growth as size 

increases in S. fmnciscanus. 

A second pcssible reason for slow growth of large individuals is decreasing growth 

efficiency with size. In most echinoid species, relative production or net growth efficiency 

decreases with increasing age (Lawrence and Lane 1982). The increased gonad production with 

age is usually not sufficiently great to oftset the declining productivity of body growth and 

therefore, total productivity declines with age (Lawrence and Lane 1982). 

Although no evidence of test growth or shrinkage was evident in adults, the effects of 

feeding or starving on gonad condition are very important. The gonad index in fed urchins 
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increased about 3-fold (from 10.7 to 29.6%) while that of starved urchins decreased from 10.7 to 

6.5?& At the end of the exp:Iwnt, the gonad iiicjet: of stawed urchins -was 5 iirnes iowet than 

that of fed urchins. The two experimental treatments are probably extremes of feeding levels; in 

the wild, urchins are not likely to get so little or so much food, for such a long period, as the 

starved and fed treatments respectively. These extremes of feeding might occur in the wild but 

probably not for such long periods. Gonad index of wild urchins would then be expected to vary 

between these 2 values. Such a large variation in gonad index. depending on feeding condition, 

can have important effects on wild urchins. Gonad production and growth (somatic) are a function 

of food raticns in green urchins (Thompson, 1983) and gamete output is directly related to the 

weight of soft tissue (Thompson 1979). The individual gamete output might therefore be low in 

populations that are not well fed. Low gamete output can then translate in low reproductive 

success due to low feriilization rate (discussed in Chapter 1). However, high density often seems 

the cause of poor feeding in urchins; the influence of density on fertilization success might 

therefore offset the decrease ifi individual gamete output. In Diadem antillawn, per capita zygote 

production is relatively constant across densities because the decrease in gonad size -- and thus 

gamete output - with !n=ei?sIng density is cffset by higher fertilization success (Levitan 1891 b). 

Feeding similarly led to drastic increases in gonad indices of urchins in size classes 1 and 2. 

Optimum feeding improves not only gonad index but also gonad color and texture. The 

importance of the effects of feeding on these variables is not ecological but rather an economic 

one, since urchins with firmer, tighter colored gonads get a higher price than ones with soft brown 

gonads. In adults, g o d  index and abr improved while texture stayed the same. The situation is 

a little different for smaller urchins, gonad index and texture improved while color - which was 

good at the start - remained the same. The improvement of roe yield and quality associated with 

good feeding conditions suggests that there might be a potential for short term aquaculture where 

urchins would be collected from the wild and fed for a few months to improve roe quality. Keats et 

al. (1983) investigated the possibility for short term aquaculture of green urchins. tn a period of 2-3 

mo, urchins fed good quahi foods increased their gonad index from about 2 to 1 W O % .  









Chapter 3 

Feeding and reproductive conditions of wild red sea 

urchins at: different densities 

Several studies have shown that urchins can influence the ftora around them depending 

on their density, often creating urchin barrens, typically with little food, when densities are high 

(Chapter 1, reviewed by Harroid and Pearse 5987). Urchin population density may influence the 

quantity and q u a i i  of food that urchins feed on and consequently, the condition of their gonads. 

The effects of density might be indirect, due to other variables that change with density, rather 

than true density (crowding) effects. The effects of density are generally attributed to lower food 

maiEabk per capita as density increases f reviewed in Lawrence and Lane 1982). Thus, diet and 

food availability are likety to change with density and, since these factors affect gonad condition 

and relative jaw size (Chapter 2 and references therein), might be the direct cause of density 

effects. Here, I studied the relationship between red urchin density and amount of food and diet 

composition on urchin gonad condition and relative jaw size, at 25 sites within 4 areas around 

Vancouver isiand. British Cofumbia. A hypothesis was tested that sea urchin density was related 

to food abundance and quality, resulting in urchins that have large jaws and poor gonads in high 

urchin density areas and smd jaws and goud quality gonads in lower urchin density areas. 

Density can pixxiibty a#ed the body size that can  be supported in a population. if poor 

f d m ~  fs as&&& high densi+, the M y  sire :ha: can be supprted in the population 

should decrease with increasing density. This relationship has been shown for several species of 
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sea urchins (reviewed in Lawrence and Lane 1982, Levitan 1988 b) and was investigated here for 

Strongyfocentratus franciscanus. 

Exposure to waves and storms can possibly influence urchin test thickness (i.e., thickness 

of the test wall). Species of urchins with a relatively heavier body wall can withstand higher 

exposures than species with lighter body walls (Ebert 1982). Urchins in high exposure areas 

would thus be expected to have a thicker, heavier test to enable them to withstand waves whereas 

urchins in sheltered areas would not need as strong a test. If differences in relative size of the test 

exist, differences in the relative size of other body components might also be present since a 

higher allocation of resources to the test would translate in less resources available for other body 

parts. This effect might be compounded with higher amount of resources allocated to spine repair 

in exposed areas {Ebert 1968j. Gonads are the most likely organs to suffer from such a change in 

resource allocation between different body parts. The relationships between exposure and 

skeleton weight and, between skeleton weight and gonad index, were therefore investigated. 

!&&?rials and methods 

Exoerimental Areas and Sites 

The relationship between feeding condition, diet, reproductive condition and urchin density 

was investigated in 4 areas around Vancouver Island, B.C. in July 1994. In the first area, Tofino 

(Figure 3.1), on the West coast of Vancouver island, 11 sites were surveyed off Vargas Island, 

Wickaninnish Island and the La Croix Group. The other 3 areas were on the East side of 

Vancouver Island. At Alert Bay (Figure 3.1), the second area, 12 sites were surveyed off 

Cormorant lstand, the Pearse Islands and Plumper Islands. At Campbell River (Figure 3.1), the 

third area, one site was surveyed off Quadra island near Yaculta. Last, one site was surveyed off 

Kendrick Island near Nanaimo (Figure 3.1 ). The location and description of each site are provided 

in Table 3.1. 



\ -  
Figure 3. I: Map of Vancouver Island showing the location of the 4 experimental areas. 
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At Tofino, sites were generally more exposed and had lower algal abundance than sites in 

the other areas. Algal abundance at Tofino was low because the slope was steep and a dense 

urchin band limited the lower distribution of the algae. At the most exposed sites, Postelsia 

palmaefomis Ruprecht was found in the intertidal and Lessoniopsis littoralis (Tilden) Rienke in the 

shallow subtidat. All sites in that area generally had similar algal communities; the shallowest part 

of the subtidal zone was dominated by surf grass (Phyllospadix scoulen' Hooker), followed by a 

zone of Laminaria setchellii Silva, Nereocystis luetkeana, Calliarthron sp. (an articulated coralline), 

and Pterygophora califomica Ruprecht Egregia menziesii (Turner) Areschoug was also present in 

the shallow subtidal at some sites. Nereocystis was found at all sites, Pterygophora however was 

less abundant or absent at the most exposed sites. At most sites, the zone below the algal fringe 

was a iypicat urchin barren with very little aigae except for red corallines. However, Desmarestia 

sp. was sometimes present below the algal fringe. Drift material was not very abundant and 

consisted largely of sea grasses (Zostera marina or Phyllospadix scoulen). 

At Alert Bay, Nereocystis was the dominant algal species at all sites. Laminaria 

saccharina (1-.j Lamouroux. AIaria sp. and Cosfaria costafa (Agardh) Saunders were common in 

the shallow subtidal and at greater depths, Agarum spp. was abundant. There was relatively 11ttle 

variation in the algal community between sites. Total algal abundance was much greater at Alert 

Bay than Tofino. Nereocystis was not only more abundant but also larger and the algal zone was 

wider since the slope was generally gentler and the upper limit of the urchins deeper at Alert Bay 

than Tofino. Drift kelp, mostiy Nemysiis, was very abundant at Alert Bay (observation by diving 

on the sites) and urchins were often seen, during the sutvey, feeding in areas where drift kelp was 

trapped- 

At Campbell River, the urchins were found in a dense Nereocystis bed rather than at the 

keip W s  margin MereOcyStiS was ttterefwe readily avaitable. Naifa sp., Sargassum muticum 

(Yendo) Fensholt, Uhra sp. and UfvarSa obscura (Kutzing) Gcayral were a h  abundant. The 

substrate was almost M, at ca- 9 m deep, at Campbell River so algal abundance was high. 
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& Kendrick Ishd,  Nemxy&~s rras again the dominant species. Ahria sp., L. saccharlna, 

A g m  spp. and the red aigae Gearfika sp. were also common. The algal band was relatively 

wide so algal abundance was high. 

At all sites, exposure to waves and storms and/or water movement was estimated on a 

sernrquantitative scale: 1) moderate exposure, 2) strong tidal flow, 3) high surge, 4) high 

exposure (Table 3.1). Atttrough strong tidal flow might involve more water movement than 

moderate exposure, the latter involves more wave action. Exposure to waves and stoms andlor 

water movement will tater be refierred to as expure. 

At each site, urhm density, ie., number of urchins per square meter, was measured by 

SCUBA divers using 1 mZ quadrats along a 20 rn b-ansect line set perpendicular to the shoreline. 

The survey started at ?he ttteshaltarar end of the urchin distribution. The divers worked their way down 

until reaching either a d i i  of 20 m from the start of tbe survey, or, the end of the urchin 

distiibuhn (most often this oawmed when the substrate changed from rock to sand). At the end of 

Me survey, the divers came back up to the shaHow end of the urchin distiibutiwr (the feed line) and 

cdleded a sample of urchins. Fwe urchins in each 10 mm size ckrss between 70 mm 15 and the 

largest sne present at the site (ca- f 20 - 140 m TD) were collected and brought to the taboratory 

bf dissections. All sites in the 4 areas were sampled belween July 4 and July 27,1994. 

In We fahmafq, the urchins were measuted, TD and TH (to the nearest millimeter), and 

weighed (to ttre nearest 0-1 g). The urchins were then cracked open, with an orcfiin cracker (used 

m urchin processing plarrf3), and flipped upside down b drain out the coelomic fluid. APter ca. 1 

~thedrainedwleigMwasmeasuredandthefoodwasrem~~edfromttreguts,ptacedintsrbeled 
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piastic bags and frozen for Mer diet analysis. The gutted weight was measured and the Aristotle's 

Iantem taken out p k e d  in a tabled bag and frozen for later determination of jaw length. The 

food weight in the urchin was calculated as the difference between the drained weight and gutted 

werght The gonads were removed from the urchin, weighed, and their color and texture were 

determined. Gonad cobr was recorded on a scale from 1 to 3: 1 = yellow (high quality); 2 = yellow 

with other colors, and 3 = brown (Iav quafi) gonads. Texture was also recorded on a scale from 

1 to 3: 1 = firm (high quality); 2 = semi-firm, and 3 = flimsy (low quality) gonads. 

For each site, 10 urchins within the sample dissected were randomly subsampied for 

estimation of the relatnre abundance of the different food items constituting the diet (see Chapter 4 

for detailed methods)- Diet items were grouped in 7 categories: (1) Nereocystis, (2) other brown 

aigae, (3) total brown algae, (4) eel grass, (5) foliose green algae, (6) foliose red algae and (7) 

other food items. The categories were chosen as the food items believed to have an important role 

in urchin nutrition based on their prevalence in the diet at one or several of the sites. The eel grass 

category includes both the eel grass Zmfera marina and the surf grass Phylllospadix scoulen but 

is referred to as eel grass since Phyhspadix abundance was relatively low (see Chapter 4). 

Bleaching of the Aristotle's lanterns and later measurements of dernipyramid (jaw) length 

fdbed  the same metfrodology used in the laboratory experiments (Chapter 1). 

The relationship between density and the amount of food contained in urcttrns was studied 

witR a biwariate regressiorr of the Oog, of food weight vs. TD and densty. 

The effects that dens@, TD, food weight and relative abundance of the different food 

iWns have m jaw hgth a& gonad weight were analyzed wiOh backwards stepwise regressions, 

using p > 0-1 to remave and p c 0.05 to enter (mi and Rohlf 1981). Reskluafs were plotted and 

when necessary, ke., in ihe case of gonad weight, the log, transformation was used The 

h c k w d s  steplllrlse regresorts were first run wittrout taking diet into account, thus alkrwing all 
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653 urchins {from fhe 4 areas) to he included in the analyses. They were then run, including diet 

iebted vari3b!es, which !w~d& 250 ttrchIns. These ana!yses did not take into account area and 

site effects. A nested Anova, where sites were nested within area, was used to test for area and 

site effects. 

Gonad color and texture are rank data and are therefore not continuous so non parametkc 

tests were used. The Spearman correlation coefficients and their p values, between color and 

density, TD, TH, total weight, gonad index, jaw length, JLTD, food weight and relative abundance 

of the food items were cafculated to determine which variables influenced color. The same 

analysis was conducted for gonad texture. 

Regression anaiysis of the log, of food weight against density and TD showed food weight 

to increase significantfy (p=f XIO-'~) with TD and decrease significantly with density (p=lx10"~); 

suppofting the hypothesis that urchins have less food available to them as density increases. Diet 

alsa tends to change with de.n.sity, e . ~ . ,  Nermcystis abundance in !he diet decreased with 

increasing density (Spearman correlation coefficient = -0.580, p < 0.0001) while eel grass 

abundance increased with density (Spearman correlation coefficient = 0.696, p < 0.0001). 

The regression analysis. without faking diet into account, showed jaw length to be 

positively correlated with density and test diameter and negatively correlated with gonad index 

(Tabk 3.2). When the abundance of the different food items in the diet was included in the model, 

test diameter and gonad index were still correlated with jaw lengtb but density did not have any 

effects. Hawever* the reiative abundance of all brown algae was negatively correlated with jaw 

hngth. ke.. jaw length decreased with increasing amounts of brown algae in the diet. Food weight 

was one of the variables indwfed in the models (with and without including diet) before running the 

stepwise process. In both cases, food weight was dropped out of the model since it did not 

influence jaw bqth significantiy. 



Table 3.2: Backwards stepwise regression models. for jaw length and log, of gonad 
weigh: of wild red  sea urchins, from 25 popuiaiions iocated in 4 areas around 

Vancouver Island, with or without taking d~et into account in the analyses. 
Stepwise process run using p < 0.05 and p > 0.10 to enter or remove. 

respectively, a variable from the model. 

- - - 

Jaw Length 
Regression 

1 Without 
Variable' coefficient p value 

Constant 5.275 1 0-l5 

I taking 
diet 
into 

account 

1 Regression 

Density 0.020 0.003 
Test Diameter 0.135 10-1~ 
Gonad index -0.051 7x10-' 

Taking 
diet 
into 

account 

Variable* coefficient p value, 
Constant 2.198 2x10''~ 

Constant 5.878 1 0-l5 
Test Diameter 0.135 1 0-l5 
Gonad Index -0.050 0.0007 
Total Brown Algae -0.005 0.024 
Foliose Red Algae -0.023 0.058 

Test Diameter 0.031 lo-'J 
JLKD -0.053 0.016 
Food Weight -0.003 0.0004 
Nereocystis 0.002 0.022 
Eel Grass -0.006 0.0001 
Other Foods"' -0.003 0.035 

*: Refers to variables that the backwards stepwise regression model kept. See text 
for a list of the variables included in the model at the beginning. 

": Refers to the p value for the whole model. 
'": See text for a description of what is included in "Other Foods". 
8 = coefficient of determination, indicates the proportion of variation explained 
n = sample size 
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Regression analyses shcwed the log, of gonad weight to be negatively correlated with 

density and JWB and positive& r,orre!ated wlth TO (Tab!e 3.2). Food weight effect was significant 

but the relationship between gonad weight and food weight was negative rather than the expected 

positive relationship. Similarly to the situation with jaw length, density drops out of the model once 

diet is taken into account. Gonad weight increases with the amount of Nereocystis in the diet and 

decreases with increasing amounts of eel grass and "other foods" (see Materials and methods). 

The relationships between gonad weight and test diameter, J m D  and food weight are still 

significant when diet is taken into consideration. 

Gonad color increased with urchin size, i.e., TD, TH and total weight (Table 3.3). Color 

increased with jaw length but not with J D D ,  suggesting that the effect of jaw length was related 

with urchin size. Color decreased (improved) with gonad index indicating that when gonad index 

was low, color was pmr and good color was associated with high gonad indices. Color was 

positively correlated with texture. Diet also influenced color, increasing amount of Nereocystis and 

total brown algae consumed improved color whereas increasing amounts of eel grass in the diet 

caused color to deteriorate. Texture was negatively correlated with gonad index, i.e., urchins with 

a low gonad index had softer gonads while urchins with a high gonad index had firmer gonads, 

Texture was influenced by diet in a similar man& as color was. All three indicators of gonad 

quality thus improve together. 

The nested Anova, testing for area and site effects (Table 3.4) showed highly significant 

effects of both area and sites on jaw length and the log, of gonad weight. The area and site effects 

were hard to separate from the effects of the variables included in the stepwise regressions since 

some of these variables are correlated with area and site, e.g.. high densities, high importance of 

eel grass and lower importance of Nereocystis occurring mainly at Tcfino. The fact that the 

stepwise regressions showed significant effects of some food items, etc., in spite of not taking 

area and site effects into consideration. suggests that the effects shown in the stepwise 

regressions must be important 



Tabie 3.3: Spearman correlation coefficients between gonad color and gonad 
texture of wild red sea urchins, from 25 populations iocated in 4 areas 

around Vancouver lsiand, and the variables affecting them 

I Color 
Variable Correlation p value* 

Test height 
Test diameter 
Total weight 
Gonad inde;c 
Gonad texture 
Jaw length 
Nereocystis 
Total brown aigae 
Eel grass 

Coefficient 
0.261 0.0001 
0.230 0.0002 
0.233 0.0001 
-0.216 0.0004 
0.192 0.0013 
0.325 0.0001 
-0.153 0.0084 
-0.191 0.0014 
0.197 0.001 1 

Texture 
Variable Correlation p value' 

Coefficient 
Gonad index -0.242 0.0001 
Gonad color 0.192 0.0013 
Nereocystis -0.190 0.001 5 
Total brown algae -0.243 0.0001 
Eel grass 0.192 0.0013 
Other food items 0.194 0.0312 

*: Using the normal approximation, n = 245. 
A negative correlation coefficient means that color, or texture. improves 

(decreases) with an increase in the associated variable. 



TaMe 3.4- Nested anaiysrs of covariance of jaw tength and log, gonad weight of wild red 
sea orchtnt;, from 25 gmpula&ms !sites) txated in 4 areas arcund Vancouver Island, 

b 'mt for effects of t s t  diamets. area and site (nested within area). 

* 
Dependant Scwrceof Sumof Degrees of Mean F P 

Variable Variation Squares Freedom Squares Ratio Value 
Jaw Length Test Diameter 3229.9 1 3229.9 3531.3 1 o - '~  

Area 268.3 3 89.4 97.8 1 u-15 

% (A=] 259.5 2 1 12.4 13.5 1 0-l5 
Enor 580.8 635 0-9 

Log, Gonad Weight Test Diameter 160.5 1 160.5 1550.0 lo-15 

Site (Area) refers to site e f f e  with site nested in area. 
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Aifaxrmum TD m Prse pspufabn at each srte was obtained from sue-frequency dtstrlbutlons 

af ~ ; i 3  450 ~ f i d w K j d s  per ste [Nan Campbell pers comm ) There was a weak (6- 0 219) but 

signtfkant (p= 0 018) reHimship between maximum TD tn the pputafmn and paputatrun densty 

(Figure 3.2). 

The effect d exposure on skeieton weght was studied wrth a One-way Ancova (Table 

3.5) Wet weight of the sketeton was cabfated as the gutted weight minus !he gonad we~ght and 

m e f w e  indudes tfte test, spines, tantern and gut Skeleton wetght was tog, transformed to 

make the data. M e  -wee XgX& s ~ r i ~ ~ t  effects d exgosure and TO on skeiefon wetght 

adjusted means and Bonfenoni pmme ampansons (Table 3.5) sftwved that the skeleton wtf~ght 

af &fie iwo highest exfxmre kvels were not srgntficantiy different while other pairwise cornpartsons 

were. Skeleton wetght generaity increased witb exposure, except for exposure 2 (strong tidal flow) 

where it was fower than at exposure h e !  1 (moderate exposure). Howewer. fmderate exposure 

~wdved more wave actic#1 than strong tidal ftaw. 

The relationship hetween gunad rndex (arcstne transform&) and TD and skeleton werght 

showed iftat gonad index mweased wRh TD but decreased w a  mmeasng rela6ve test welght 

(Tit& 3.6 j iimever, his mbiiomhip was quee weak (?= ti. l39j. 





Table 3.5: Anafysis of covariance and Bonferroni pairwise comparisons 
to test for effects of exposure and test diameter on the log, of skeleton 

weight of wiid red sea urchins from 25 populations located in 
4 areas around Vancouver Island. 

Source of Sum of Degrees of Mean F P 
Variation Squares Freedom Squares Ratio Value 

2.883 3 0.961 37.825 0.000 
fi:P;&eter 1 14.521 1 114.521 4507.559 0.0OC 1 €nor 16.514 650 0.025 

'n= 655 

Exposure Adjusted Mean Significance 
Levef Skeletor, Weight (g)' Test" 

1 Moderate 191.713 b 
2 Strong Tidal Row 181.278 a 
3 High Surge 21 1 .030 c 
4 High Exposure 216.372 c 

': Adjusted means of log-transformed data were back transformed 
to the originat units, i-e., grams. 

": Bonfenoni painwise comparisons, exprjsure levels with different 
letters are significantly different from one another at p= 0.001. 



Table 3.6: Bivariate regression of gonad index (arcsine 
transformed) of wild red sea urchins, from 25 

populations located in 4 areas around 
Vancouver Island, as a function of test 

diameter and skeleton weight. 

Regression 
Variable Coefficient p value 

Constant 0.132 4 x 1 0 ~  
Test diameter 0.004 1 0-15 

Skeleton weight -0.0005 5x1 o-' 
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length and the relative abundance of "total brown algae" (mostly Nereocystis) in the diet, which 

supports the findings of Morris and Campbell (unpublished data). 

Food weight contained in the urchins did not have a significant effect on jaw length, 

despite the fact that food weight decreased with density. However. the amount of food in the guts 

is probably highly variable in time and the samples taken are only a "snapshot" (instantaneous) 

view whereas jaw length is a parameter that changes over longer periods, The evidence from 

other species and the results of my laboratory experiments (Chapter 2) show that the amount of 

food available undoubtedly influences relative jaw size of urchins. The results presented here, 

however, show that diet is another factor that can influence relative jaw size, as shown by T. 

Morris and A. Campbell (unpublished data), and that in the wild, diet might influence relative jaw 

size to a larger extent than food availability does, at least for the red sea urchin. 

The only other study of jaw size in wild red sea urchins is that of Ebert and Russell (1 992) 

in which they did not find diierences in jaw size between two locations, despite differences in 

growth rates. They suggested that available food was the same or that development of Aristotle's 

lantern in these animals is more canalized than it appears to be in other species of echinoids that 

have been studied. jaw piasticiiy in red sea urchins had not been studied in the laboratory at the 

time of Ebert and Russell's (1992) paper. but the present study (Chapters 2 and 3) clearly shows 

that jaw piasticity occurs in red sea urchins. 

Gonad sne has been shown to be dependent on faod supply andfor diet (Frankis and 

Grerrrilre 1993. Ckmw 1973. Keats et at. 1983. 1984, Chapter 2) in the witr? and in the laboratory 

Diet rnfluenced the gonad weight of red urchins; gonad weight increased with mcreasing amounts 

of NereocyshS m the diet but decreased with increasing amounts of eel grass and "other foods" 

(see Materials and Methods). Possibb reasons for diet effects are discussed below. 
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Druehf and Breen (19861, Harrold and Reed (19851, Pearse (1980) and others showed 

u'#e~nces in gonad indices iretween iocaiions, associated wivn feeding conditions for the red 

urchin. Gonad index generally decreases with low food abundance. A significant effect of food 

weight in the guts of the urchins was found here but the relationship between food weight and 

gonad weight was negative when a positive one was expected. However, the regression 

coefficient for foud weight (-0.002 or -0.003 depending on the regression model) is relatively small. 

Keats et al. (1984) noted that as the gonads develop, there is less room in the test for food 

material. This seems like the only explanation for the decrease in foud weight with increasing 

gonad weight obsewed here. As noted previously, the estimate of food weight might not be very 

reliable. If the amount of algae present at each site is used as an indicator of food abundance, the 

resuits are more typical. Gonad weight decreased with density and generally high density sites 

had much less food available than lower density ones (pers. obs.). 

The nutritional state of echinoids is reflected in their gonadal development (Kenner and 

tares 1991). The negative relationship observed between jaw length and gonad index, or similariy 

between gonad weight and JL/TD, shows that when jaws are larger, due to poor feeding, gonads 

aie smaif in the fief= and eclnfim ihe iahraiory resuiis. Giaeir eP &. (1384) sirniiarly showed 

gonads to be smaller in urchins (Echinometra mathaer) with larger lanterns from wild populations 

with different densities and stiggesr ;d that the food supply of animals with relatively large lanterns 

may be poor, because they also h :i-? small gonads. 

Color of the gonads is l a r g e  affected by the type of food eaten (Mottet 1976) and food 

supply (Bernard and Milk 1973). Gonad color and texture both improve with increasing amount of 

Nere~cysB and total amount of brown algae in the diet, and decrease with amount of eel grass. 

Gonad color is better in smaller urchins, as noted by the fishers, which is one of the reasons why 

the west coast fishers are asking for the fower size limit to be lowered (A. Campbell pers. comm.). 

Texture however is independent of size* Color and texture are positively carreiated and therefore 

tend to improve together. They also improve with increasing gonad index showing a trend for all 

aspects of r o e  qcrafdy to improve togeWr. Targeting harvest sites with abundant brown dgae and 
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iittle eel grass would therefore be a guod strategy for the fishers to obtain a high qualty product. 

Bernard (1977) reported that texture changed at different times of the year in a population of red 

urchins from Amphitrite Point, B.C. However, I do not have any data to confirm this finding. 

Analyses without taking diet into account showed density effects, for both jaw length and 

gonad weight. However, once diet was included in the analyses, density did not have significant 

effects while the abundance of some food items (in the diet) did. The effects of density were thus 

not direct but rather indirect, due to the change in diet at high density. As density increased, the 

amount of Nereoeystis in the diet decreased while that of eel grass increased. Tnese changes in 

the diet, associated with changes in densiv, in turn affected jaw length and gonad weight. The 

effects of density were therefore not due to crowding. Levitan (1989) showed in the laboratory that 

food level affected TD and gonad volume in Diadema antillarum, but that density (crowding) did 

not. 

The effects of diet on gonad index and relative jaw sue can be explained by urchin 

feeding bek.-;.ior and physiology. This study and the one by T. Morris and A. Campbell 

(unpublished data) showed seagrasses to produce low somatic andlor gonadal growth in red 

urchins. Surfgrass (Phylllaspadix spp.) is not a preferred food of urchins (see Lawrence 1975, 

Paine and Vadas 1969 b). Feeding rates are generally correlated with food preference (Frmtzis 

and Gremare 1993, Larson et a!. 3980, Vadas 1977). Low feeding rates on tess preferred foods 

often translate to lower caioric intake &arson et al. 1980, Vadas 197'7) and thus less resources for 

growth and reproduction. 

Another fador that can be of influence is difference in quality of the different food items. 

Q u a f i  can be considered to be all chacacteristics of food that affect its use as a nutrient 

(Lawrence and Lane 1982). These characteristics include those which affect 1) consumption rate, 

2) digestibility, 3) absorption and 4) composition (Lawrence and Lane 1982). Paine and Vadas 

(15369 b) showed that the surf grass P. scoule~ has a slightly higher energy content than 

Ne)~eocysti;s (4.41 us. 4.38 Wash-free g dry weight). Therefore, caloric content cannot be the 

cause of difFerences in quahi. Howeyer* there are large differences in absorption rates of 
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echrrrads fed d#eQerri mxxfjphytes (Frankis and Gremre 5993). S. intemedius shows 

r,t-&!e aDl& f_n dg& the m a n  cmnpomfc Qf the ke!p iam*m& !mfli.ruma Y------ except for 

crude fiber (Yano et a!- 1993)- There IS 11%~ digestion and absorption of structural carbohydrate 

(Lawrence and Lane 1982). Seagrasses probabfy contain much more crude fiber andlor structural 

carbohydrates than kelp which couid expbin why they produce k m  growth despite their high 

caloric content Absorption efficiency of seagrasses is lower than that of several species of kelps 

f see Table 7 In Lawrence 1 W5), supporting this hypothesis. 

The poor gonad condition and farge r e m e  jaw size, at high densities, could thus result 

from b w  feeding rate - and consequently low caloric intake - on eel grass, or from the lower 

quality of eel grass as a nutrient (cumpared to Nereocystis), or from a combination of these two 

factors. The reproductive srrccess of S. dmbachiensis appears to be contingent more upon 

quai* rather than the avaibbitity of food (Vatas 1977). My resub suggest that this is also true for 

WM populations of red urchins. 

m i m u m  Test Diameter 

Maximum sire of S. franciscanirs decreaseb with densty. Dirences in maximal andlor 

m a n  sires of wchiirrs in wikl popubtbns have k e n  interpreted as the resag af dirences in food 

b e t s  (Ebert 1968, miwed in Lawfence and Lane 1982, Levitan 1988 b). Maximum body size is 

vaiabk since a given quantity and quaMy of food shoutd have a limit to the size of individual it can 

suppar€ (bwmce ancf lane 1982). &laxhum body sire in a population can therefore be used as 

an~ofIttrepoten6atforgnmthofindividuatsofthatpoputations. Them;primumbodysue 

sldkz4estheshethatindnriduaiscanattainunderthelocal conditions. Fw urchins, food is not a 

l i m d q  factor b nwnbers but orrly b biomass (Ebert 1%8), ie., high numbers of urchins can 

p e t s r s t ~ k n n f o K w t ~ . W r t t r i n 3 e n s e ~ i a t i o n s , u r c h i n s ~ f c r r t h e s p a r s e  

qu;mtrty af tood avdabJe and. as a result the urchins' growth rate is extremely reduced 
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(HimmImarr et ai. 1983j. $3- kss food is avaiabfe per individual at htgh density. the maxtmum 

size can be supparted deaeasee. 

Ebert (1982) showed Mat sunrival rates, and consequent!y longevity, of urchins are 

innuend by exposure; specks of urc!%ns with a larger relative body wall have better survival -- 

for a given exposure - than specks with rebtiveiy ~mailer M y  waifs. it is like@ that within- 

spec&$ differences In rebtive body wall size under different exposure regimes, as presented 

here. similarly influence sunrival. 

Building a rebtiveiy larger body wall requires more resources for both growth and 

maintenance (see E M  5982). A larger proportion of available resources would thus be invested 

in the body wall- FuitfEemrore. urchins in tiah surf areas might have tess energy available to them 



The effects of dens@ on sea urchin jaws and gonads are indirect effects due to the 

changes in diet associated with rncreasing urchin densities. As expected, relative jaw size 

increases whde gonad weight decreases with increasing population density. Although food weight 

contained in the urchins decreased with density, jaw size was not affected by food weight. The 

effects of diet on gonad weight and jaw size are probably related to differences in the value of the 

foods eaten at different densities. 

Maximum TD of red sea urchins decreases with increasing population density. Poor 

feeding conditions at high densities cannot support as large a body sire as the better feeding 

conditions found at lower densities. 

Results suggest that exposure increases relative skeleton weight of red urchins. The shift 

in resource allocation towards the skekton decreases energy available for reproduction as seen in 

the decreasing gonad index. Further investigations of this relationship would be desirable since 

the methods used here are possibly biased since 'skeleton" weight included the lantern and gut. 



Chapter 4 

Diet of red sea urchins in southern British Columbia 

introduction 

Harrold and Reed (1985f, lrvine (1973) Mattison et al. (1977) and Vadas (1977) studied 

the diet of the red sea urchin. Harroid and Reed (1985) and Vadas (1977) showed differences in 

the diet and gonad index of red urchins between sites and associated the latter with differences in 

food quantity and quality. Studies comparing differences in diet between sites (Harrold and Reed 

1985, lrvine 1973, Mattison et al. 1977, Vadas 1977) were done on a small spatial scale (< 50 km, 

sometimes < 1 km). No study, to my knowledge, has investigated large scale differences in diet of 

the red urchin and, despite the number of studies of diet from different areas, comparisons are 

somewhat difficult since methods used to estimate diet are often not the same, e.g., field 

observations vs. gut contents. Also, the number of sites where diet was investigated in each of the 

previous studies is generaity limited. 

The objectives of this study were, first, to develop a methodology for identification of the 

food items found in red sea urchin guts. Second, to obtain quantitative estimates of the relative 

abundance of food items, in the red sea urchin's diet, to determine which food items are the most 

impartant and, how diet changes spab-affy (between 25 sites) at two scales: large scale, between 

areas, and small scale, between sites within an area. Third, to determine the effeds of the relative 

abundance af the difbmt food item, in the red sea urchin's diet, on the gonad condition and jaw 

SQe ofwiw red sea urchins {chapter 3). 



Urchins generally cut their food in small pieces (pers. obs.) making the identification of the 

partly digested food items difficult, especially for food items with a similar structure. A laboratory 

experiment was conducted before the analysis of diet of wild urchins to increase the accuracy of 

species identification. 

w o e  Experiment 

-% - - _ The appearance d the presumed main food items, after their ingestion and partial 

digestion by urchins, was investigated in the laboratory. Ten species of brown algae were chosen: 

(1) Agarum spp.. (2) Aiaria sp.. (3) Desmarestia sp., (4) Egregia menriesii, (5)  Laminaria 

sacchaina, (6) Laminafia setcheiiii, (7) Macmcystis integrifdia, (8) Nereocystis luetkeana, (9) 

Pterygophora caiifumica. (10) Sargassum muticum. The choice of these species as potentially 

important diet items was based on two criteria. First, if direct observations of urchins feeding on a 

g!vpn. species of a!!* were made !II? the or, second, if a specie was rebtivdy important at 

any of the field sites surveyed. Each selected species was fed to two staffed (for 5 to 7 months) 

urchins (73 - 98 mm X)) for 5 days. On the fifth day, the urchins were dissected to remove the gut 

contents. The partiafiy digested food was #en diluted in seawater and observed under a 

d i n g  microscope. G e m 1  appearance, coior, thickness. stnrcture, i-e.. layering of cells seen 

in a cross secbn, and fkmes of the algae were recorded for each species. Photographs under 

dierent magnifk#tions were Men for later reference and the gut contents of each urchin were 

frazenforhterreference~welt. 



Diet of Wild Urchins 

For each of the 25 field sites surveyed (see Chapter 3). 10 urchins, from the sample 

dissected, were randomly chosen for analysis of their gut content. During the field dissections, gut 

cmtents of all urchins were kept in individual plastic bags and frozen for later analysis. In the 

laboratory, samples were thawed and sorted to remove any pieces of gut wall or other urchin parts 

from the food. The gut contents were then mixed thoroughly and a subsample was taken. Enough 

food was taken in the subsample to cover the bottom of a petri dish with a uniform layer of food -- 

one food item thick - alter spreading the subsample with seawater. The petri dishes had a grid 

with 37 intersection points on the bottom. Quantitative estimation of the relative abundance of 

each food item was performed, under a dissecting microscope, by identifying the food items 

present at each intersection point of the grid. The relative abundance of each food item was then 

calculated as: 

Count for Food Item 
Percent Relative Abundance = X 100 

Total Count 

where the Total Count is the totat number of all food items cotinted, i.e., 37 minus the number of 

biank intersection points. 

The differences in abundance of the various food item within an area and in different 

areas were compared using nun parametric tests because the data were not normal and could not 

be brought to nomfi ty by transformation. The abundances of all diet species were compared 

fogether. to establish if any species were more important than others, using a Krusbl-Wallis test. 

This was perfarmed for all areas together and each area individually. Mann-Whitney U tests were 





Table 4.1 : List and frequency of occurrence (% of urchins that had the type of food in 
their gutsf of food items found in the gut contents of w~id red sea urchms in 4 areas 

around Vancouver island. Sub-categories with a + denote food items that were 
found in the diet at a given location but for which the frequency of occurrence 

was not separated from that of the other items in the given category. 

1 Area 
Food item 1 Tofino Alert Bay Campbell R. Kendrick Is 

n= 120 n= 10 n= 10 
3rown Algae 

Agarum sp. 
* Alana sp. 

Costaria costata 
* Desmaresfia sp. 

Egregia menziesti 
taminaria saccharins 
Laminaria setchefhi 
Nereocystis luetkeana 

* Pelvetiopsis l~mitata 
* Pterygophora califomica 

Sargassurn muticum 
Unidentified filamentous 

3reen Algae 
* Foliose 

Ufwa sp. 
Ylvaria obscura 
Enteromorpha sp- 

Filamentous 
Cladophora sp. 
Unidentified 

?ed Algae 
Foliose 

Gigartina sp. 
Unidentified 

* Branched 
Sarcodiotheca sp. 
EndocIadia muricata 
Poly siphonous 
Unider?M 

* Coraiiices 

" Eel grass 

continued on next page 



Table 4.1 confinued 

1 Area 
- Food Item f Tofino Alert Bay Campbell R. Kendrick Is 

n= 110 n= 120 n= 10 n= 10 

' Terrestrial plants 
Unrdentrfied leaf 
Tree bark 
wood 

' Invertebrates 
Btyozoa 

Mernbranipora membranacea 
Unidentrfied bryozoans 

Cructacea 
Amphipods 
Cinipeds (banacks) 
C:abs 
Crab megabps brvae 
Cumaceans 
Unidentified c~~sbceans 

Gastropods, unidentified 
Hydrozoans 
Polychaetes, unidmtifieb nereid 
Sipunculid (peanut worms) 
Ascidrans (tunicates) 

Unidentified 
Diatoms 

The food rtem categories with an ' were those used in the statistical analyses. 
-: Frequencies of ocxwmenoe of barn& and unidentified crustaceans pooled. 
- denotes a food item that is absent in the diet in an area. 
n = number of urchins whose gut content was analysed. 
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was probably drifting Z~stera that was carried to the sites by tidai currents from the abundant 

Zostera beds in Ciayoquot Sound. Tie Laminaria setchellh' categq might a!so have included 

some L. groenlandica Rosenvigne which is very similar in appearance to L. setche1,'ii. 

Food diversity, ie., number of different food items found in an area, was higher at Tofino 

than Alert Bay and much lower at Campbell River and Kendrick lsland than in the first two areas. 

However, 10 urchins only were anaafyzed at Campbell River and Kendrick lsland while 170 were 

analyzed at Tofino and 120 at Alert Bay so the differences in food diversity might be due to sample 

size rather than to true differences. For Tofino and Alert Bay the iarge and similar sample sizes 

suggest that the differences between these two areas are true differences in diet diversity in red 

sea urchins. Overall, 13 out of the 44 food items identified were invertebrates, 24 were algae and 

7 were in other categories, showing that red sea urchins in British Columbia eat a wide variety of 

food items including severai types of invertebrates. 

Differences in the abundance of food items in the diet within areas 

For the analyses of relative abundance of each fwd type, the number of categories was 

reduced to 19 by grouping some food items together (Tabie 4.1). Kruskal-Wallis analyses were 

used to check if some food items were more abundant than others in the diet of red sea urchins. 

Significant differems were found for all areas together and each area individuaily fp = 0.000 for 

areas poked, Tofino and Alert Bay. p = 0.003 for Campbell River and p = 0.005 for Kendrick 

Island). This indicates that at least one of the food items is more important in the diet than the 

other ones. Painrrise wrnparisons were used to determine which food items were more important 

than athers for all areas grouped and for Tofino and Alert Bay individually. Pairwise comparisons 

were not performed for Campbefi Rlver and Kendrick lsland since only 10 urchins were analyzed 

in these areas; tire mean percent relative abundance of the focrd items only is presented (Table 

4.2). Overall, i.e., when grouping areas (Table 4.2), Nereocystis luetkeana was the dominant food 

item, folkwed by eel grass. Unidentified food items ranked third atthough their abundance was not 
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significantly higher than that of any of the other less abundant food items. Foliose green algae, 

branched red a@ae and invertebrates then fo!!owd. At Tofino, eel grass was more abtindant than 

Nefeocystis but not significantly; all other food items were significantly less abundant than the first 

two. Unidentified foods ranked third, followed by branched red algae, Desmarestia sp. and foliose 

green algae. lnvertebrates ranked seventh. At Alert Eay, Nereocystis was significantly more 

important in the diet than all other food items. Foliose green algae, although significantly Iiss 

important than Nereocystis, were more important than other focd items except for Agarum spp, 

and Sargassum. lnvertebrates ranked sixth but were not significantly different from Sargassum at 

the fourth rank. At Campbell River, Nereocystis ranked first, followed by foliose green algae and 

unidentified food items. lnvertebrates were the fourth most important item in the urchins' diet. At 

Kendrick Island, Nereocystis was again the dominant food item, followed by Alaria and foliose red 

algae, primarily Gigartina sp. lnvertebrates came in eighth. 

Diff r n in h areas and sites 

Krushl-M!a!f!s ana!yses were used, taking each food item individually, to determine if the 

abundance of each food item in the diet changes with area, and with site (within an area) for 

Tofino and Alert Bay (Table 4.3). The abundance of 15 out of 19 food items changed from one 

area to the next, meaning that a food item that is abundant in the diet in one area is not 

necessarily abundant in other areas. Site effects within areas were present, however the extent of 

the variability between sites was greater at Tofino than Alert Bay. At Tofino, the abundance of 13 

food items was influenced by site effects whereas at Alert 8ay, the abundance of only 6 food items 

changed from site to site, showing that small scale (< 10 km) variability is not constant in different 

areas. The variability between sites at Tofino was almost as high as the variability between areas. 

While at AJert Bay, the variability between sites was lower than the variability between areas 

These resub show that variations in urchin diet occur on both small and large (several 100 km) 

spatial scales. 



Table 4.3: Kruskal-Wallis analyses to test for differences in the relative abunuance 
of individuai food items, in the diet of wild red sea urchins, bet we^ . the 

4 experimental areas, and between sites within areas (i.e., at 
Tofino and Alert Bay). 

1 p values for effect of 1 

IFOO~ ltem 
I I I -, 

l ~ e l  Grass 0.OOOl 0.000! 0.695 

Desmarestia 
L. sacchafina 

iFoiiose Greens 0.001i 0.0OOi 0.0001 

Area 

1 ~ereocystis 
Pterygophora 
Alaria 
Agarum 

: 

Invertebrates I 0.0001 0.OOOl 0.0571 

Site 
Tofino l~ let- t  Bav 

0.OOOl 0.00Ol 0.000 
O.OOO! 0.OB6 
O.OOO/ 0.001 

1.006- 
0.779 

0.00Ol l.000l 0.000 
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Pairwise comparisons were used to determine differences in the abundance of each food 

item between areas jfabie 4.4) Four areas give 6 pairwise comparisons so the significance ievei 

was reduced to p = 0.0083 (p = 0.0516) so that the overall significance level for each food item was 

0.05. The abundance of 14 food items is different at Tofino and Alert Bay. There are fewer 

differences between Tofino and Campbell River (7) and between Tofino and Kendrick lsland (6). 

Similarly, there are few differences between Alert Bay and Campbell River (5), between Alert Bay 

and Kendrick lsland (3) and between Campbell River and Kendrick lsland (3). The low number of 

differences betisreen Campbell River or Kendrick Island and the other areas might be due in part to 

the fact that only 10 urchins were used for the analysis at Campbell River and Kendrick lsland 

while 110 were analyzed at Tofino and 120 at Alert Bay. Nevertheless, there are more differences 

between Tofino vs. Campbell River and Kendrick lsland than between Alert Bay vs. Campbell 

River and Kendrick Island. 

Table 4.2 compares the abundance of food items with each other, within an area, to see 

which food items are more important in the diet in that area. On the other hand, Table 4.4 

compares the abundance of each food item in an area with its abundance in the other areas to 

determine if the abundance of each food item changes bettveen areas. 

Eel grass was more important in the diet at Tofino than in the other areas (Table 4.4). 

Nereocystis was most important at Alert 8ay, followed by Campbell River, Kendrick lsland and 

Tofino. Foliose greens were more important at Campbell River than in all other areas. Generally, 

food items that were more important in the diet in an area than in another were more readily 

available in the area where they were more important (see description of algal communities at the 

different areas in Chapter 3). Testing this hypothesis statistically was not possible because no 

quantitative data on aigal abundance were available. 



Table 4.4: Paitwise comparisons (Mann Whitney U test) to determine differences 
in the relative abundance of individual food items in the diet of wild red sea 

urchins between the 4 experimental areas. 

Pterygophora 1 1 2 1 ,2  1 ,2  
Alaria 2 3 1 1  
Agarurn 1 2 1 1,2 ? 

Food I tern 
Eel Grass 
Nereocystis 

Area 
Tofino Alert Bay Carnpell R. Kendrick Is. 

1 2 2 2  
3 1 2 2, 3 

Sargassum I 2 1 1 1 '2  
Terrestrial Plants 1 1 I 1 
Filamentous Greens I 1 2 1.2 1 ,2  

Foliose Greens 
Coraline AJgae 

Egregia 1 4 1 1 1 
Pelveiiopsis 1 1 1 1 

2 2 1 2 
1 2 2 2 

Invertebrates 1 1 2 1 1.2 1 

Foliose Reds I 

I 2 3 2, 3 1 
Branched Reds I 1 2 2 1 ,2  
Unidentified 1 2 1 2 

Areas with lower numbers have a higher abundance for the given 
food item. 

Areas with the same number are not significantly different 
(p 3 0.0083, see text) from one another. 



Feeding ~bservaiions tn the field were also made by SCUBA diving. At Tofino, several 

urchins were seen eating drift material of various types including seagrasses, Nereocystis blades 

and stipes, Pterygophora stipes, and wood. Urchins were also observed feeding on Laminaria 

sefcheliii at the algal fringe and on Desmarestia sp. which was generally the only fleshy algae 

found below the atgaf fringe in the barren areas. At Alert Bay, almost all feeding obsrrvations were 

of urchins sating drift or attached Nereocystis. When eating attached Nereocystis, a group of 

urchins would typically start eating biade tips, which presumably reached the bottom at low tide, 

while pulling the alga d ~ w n  as they were eating their way towards the pneumatocyst. The urchins 

would thus proceed to eat all the blades off an alga, probably over several days. lrvine (1973) 

described a similar phenomenon when urchins catch drifting Nereocystis and noted that 100 

urchins could be found feeding on a single plant. 

The method of using intersection points for determining the relative importance of the 

different food items is a modification of the numerical method for food analysis descr~bed in Hyslop 

(1980) and W~ndell (1971). This method allows for a nonsubjective estimation of abundance, as 

opposed to estimation by eye (see Hyslop 1980) or the points method (Windell 1971), wh~ch are 

more subjective. A drawback of the numerical method is that it gives the same impor'ance to food 

items of different sizes. It can thus overemphasize the importance of small prey items taken In 

large numbers (Hyslop 1980). However, most food items found in urchin guts are roughly the 

same size (pers. obs.), so this bias is probably minimal. Hyslop (1980) stated that the numerical 

method may be the most appropriate where prey items of different species are in the same size 

range. it is therefore believed that the method used was the one providing the best estimate of 
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reiative abundance wiW the least bias. The choice of 37, as the number of points to look at, was 

based on pefirninaq btds showing :ha: using 26 or 52 intersection points gave very ssiinifar results 

(not presented here); using 37 points allowed a good estimate and was not too time consuming. 

Vasquez et al. (1984) used a similar method to estimate urchin diet. 

Oyerall (for ali areas pouled), Nereocystis was the most abundant food item in the red sea 

urchin's diet. Vadas (1977) also found Nereocystis to be the dominant part of the diet of S. 

franciscanus at 7 sites in the San Juan Islands, followed by the ulvoids (Monostroma-Ulva spp.). 

However, the diet at Tofinc shows that Nereocystis was not always the most abundant type of 

food in urchin guts. Urchins at Tofino ate mostly eel grass (25%) which was also found in the diet 

of several other urchin species (Gonor 1973 [S. purpuratus], Kawamura and Taki 1965 [S. 

intermedius], Ogden 1976 f Tffpneustes ventricocus, Echinometra fucunter and Diadema 

antillarum]). Nereocystis was the second most abundant food item. The relatively high abundance 

of t?ndent!fied items in T05no Is due rr?zin!y to me sib where urchins appeared to be feeding on 

sediment which was classified as unidentified items. Nereocystis was generally the only kelp to 

consistently form an important part of the diet, even when other kelps were present at the 

sitelarea. Taere is an exception to this trend at Kendiick Island, where Alaria made up 21% of the 

diet. Macrocystis, which is a preferred food of urchins (Leighton 1966), was not found in the diet. 

However, absence of Macrocystis in the diet was due to absence of this alga at all field sites in the 

study. Green and red algae were also an important par& of the red sea urchin's diet around 

Vancouver Island. These items ranked fourth and fifth overall. Coralline algae, which sometimes 

constituted a large part of urchin diet (Kenner 1992), were generaity not abundant (< 5%). 

Red sea urchins are nut strict herbivores. Invertebrates ranked as the sixth most 

important food item, wnstibting from 2 io 6% of the diet, higher than the 0.56% reported by Vadas 

(1977) for the San Juan islands. The most abundant invertebrates were barnacles and the 
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bryozoan Mernbranipra membranacea. Invertebrate abundance in this study was under- 

esiimied, for when iirchins ate Nereucystis covered wiii ine bryozoan M. membranacea, the 

food item was counted as Nereocystis, rather than as invertebrates. Although eating 

Membranipora might be incidental to eating the kelp on which Mernbranipora grows, the bryozoan 

may be an impcrtant source of nutrients for the urchins. Vadas (1977) also noted the potentially 

important role of Membranipora in urchin diets. Barnacles were also found in the diet of 2 species 

of urchins in Chile (Vasquez ei al. 1984). invertebrates were found in the diet of many urchin 

species (reviewed in Lawrence 1975). Although invertebrate abundance in the diet was not very 

high, their importance to the urchins could be larger than their abundance suggests. Protein level 

was more irportant than cabric levels for the growth of Tripneustes ventricocus; measuring the 

value of animals as food for echinoids is thus important (Lawrence and Lane 1982). If protein 

levels are important for the growth of S. franciscanus, invertebrates and other animal foods could 

play an important role in the urchin's diet. 

Spatial variability in diet of S. franciscanus was obsewed on both large (between areas) 

and small (between sites within areas) spatial scales. The extent rtf small scale variability changed 

with area and could be almost as great as large scale variability (Area effect vs. Site effect at 

Tofino m Table 4.3). Spatial variability observed in the diet, between areas and between sites 

within an area. was probably caused by differences in the diversity and availability of food items 

from one arealsite to the next The algal oomunity was more variable at Tofino than at Alert Bay, 

explaining why a greater variety of food items were found at Tofino and why between-site 

vaFiabitity was higher at Tofino than at Abt  Bay. Although the sites at Tofino were doser together 

Wan the ones at AIert Bay, the m g e  of mditions encountered between sites was larger at 

Tofino, due mainly to important differences in the degree of -exposure to surf and storms between 

sites- Changes in die! on a small spatial scale have also been reported trj other authors fl(enner 
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1392 fS. purpuratus], Mattison et al. 1977 [S. franciscanus], Ogden et at. 1989 [Echinometra 

m,a?has!?f. %a!!-scab patchiness in f w d  avai!abi!ity may tend to overshadow larger scale 

patterns (Kenner 1992). However, large scale patterns seem to be present here. The diet in each 

area on the east side Vancouver island was dominated by Nereocystis (> 42%) and there were 

fewer differences in the abundance of individual food items between areas on the east side of the 

Isrand than between these areas and Tofino. 

Small scale variability in the diet could also occur with increasing depths and/or distance 

from shore (Mattison et al. 1977, Ogden et al. 1989). However, 1 do not have any data to confirm 

this hypothesis for the red sea urchin's diet in southern B.C. 

Nereocystis was the most abundant diet item in summer. However. Nereocystis dies off in 

late fall suggesting that urchins must change their diet at various times of the year. Urchins also 

depend on drift algae to a large extent (irvine 1973, Keats et al. 1984, Mattison et al. 1977, Ogden 

1976, Qgden et al. 1989, pers. obs.]. DrIf! a!gae abundance also changes during the year, being 

most abundant in summer and fat1 (Druehl and Breen 1986, Harrold and Reed 1985) since drift 

algae abundance is related to iml kelp abundance (Harrold and Reed 1985). The decrease in 

abundance of annual species of kelps and the associated decrease in the availability of drift in late 

fall suggests a shift in diet in winter. Vadas (1977) observed such a shift, after the disappearance 

of annual kelps, urchins increased feeding on Agarum, a readily available although not preferred 

perenniai. 

Selective Feedina vs. Food Abundance 

Feeding preferences in urchins are well developed (Lawn et al. 1980, Leighton 1966, 

Vadas 1977). For S. cimbchensis, food preference is not correlated with caloric content but, 
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because of higher feeding rates on preferred foods, caloric intake is positively correlated to food 

preferen= (Lawn et a!. ?%0, Vadas 1977). Fwd pieki-enee and atsorpQtn eficiencles are 

correlated in red and green urchins {Vadas 1977). Absorption effiaency is highest for Nenocystis 

(84-91%), the preferred food. and low (36-56%) for Agarum spp., a non-preferred food (Vadas 

1977). Despite strong food preferences, urchins do not always feed on their preferred foods. Diet 

of urchins in the wild is generally a compromise between food preference and food availability 

(Vadas 1977). Urchins are generalists (Lawrence and Sammarco 19821, or opportunistic (Ebert 

1968, lrvine 1973, Kenner 1992) feeders eating less preferred foods when only those are available 

and switching to preferred foods once the latter become available (Irvine 1973, Kenner 1992, 

Leighton 1966). Therefore, urchin diet often corresponds more to local food availability than to 

food preferences (Kawamura 1973, Lawrence and Samnarco 1982, Ogden 1976). Urchins will 

clearly eat non-preferred foods when there is no choice (bwrence 1975). Grazing of S. 

purpuratus and S franciscanus is selective under conditions of abundant food supply, but 

selectivity disappears when grazing pressures become extreme (Leighton 1966). Preferential 

feeding results in optimal growth and reproduction while the generalist behavior extends or 

aSmes survival eve!! Ln oveipzec! enulmnmerrts (Larson et a!. 1980). The generalist behavior - 
might be expected to evolve where food availabil'ity is unpredictable or where competition for food 

is especially keen (Le.. overgrazed areas) (Larson et al. 1980). 

The high dominance of Nereocystis (75.6% of the diet) at Alert Bay suggests that urchins 

feed selectively when there is abundance of preferred high quality foods. Other species of kelps 

fL. saccharina, Ataria, Costaha and Aganrm) were present but the urchins were not eating much 

of them. Red urchins prefer Nereocystis over L. saccharina and Ataria (Vadas 1977). The 

abundance of Agarum at Alert 8ay and Kendrick Island was relatively high. At some sites at Alert 

Bay. percent cover approached 100% at depths past the dist3ibution of other kelps but where 

urchins were present (pers. obs.). Agarum spp. is usually avoided by Strmgy/oc8ntrotus spp. 

despite its high cab* content, possibly due to the presence of a grazingdeterrent chemical 

defense (Larson et ai. 1980. Vadas 1977). Herbivores avoid certain algal species and the most 
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likely possibility to explain this avoidance is some form of chemical or structural defense (Ogder! 

4976). Biovrtn alga: pbjphendics defer purpie ui-cisin feeding (Steinberg 1988). Siiil, Agarurn spp. 

ranked 4th at Aert Bay and 3rd at Kendrick island; however, Agarum abundance was always 

lower than 10% of the diet. Presence and relatively high rank of Agarurn in the diet, considering 

Agarum is one of the least-preferred algae by urchins, might be due to high abundance of Agarum 

in the areas where the urchins were present Agarum was thus readity accessible to urchins. 

The fact that urchins eat mostly eel grass, showed to produce slow growth (T. Morris and 

A. Campbell, unpub!ished data) and p r  quality gonads (Chapter 3), at Tofino shows that when 

food is scarce, red urchins will readily eat lower quality food items. Desmarestia is not a preferred 

food of sea urchins because Desmarestia contains sulfuric acid (Iwine 1973, Paine and Vadas 

1969 b). Nevertheless, Desmarestia ranked fifth at Tofino and urchins were often seen eating 

Desmarestia on the areas barren of other fleshy (non coralline) aigae, further showing that they 

will eat low quality foods when food is scam. 

Despite the iack of quantitative estimates of algal abundance, the results presented here 

support the hypothesis that urchin diet is mainly dependent on food availability and, when 

preferred foods are abunbmt (eg., P4efmj:stis a: A M  Bay), seWiie feeding a n  occur. 

Red sea urchin diet is broad and varies considerably on both small acd large spatial 

scaies. The results atso suggest that red sea urchin diet changes at different times of the year. As 

has been shown previously for this species and a variety of others, feeding appears to depend on 

kml food avaiiabiMy with the possibiii of selective feeding when preferred foods become 

avarbbb. 
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