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Chapter 4 

Local variability in population structure and density 
of the protogynous reef herbivore Sparisoma viride 

Jules van Rooij, Jeroen Kok, John VideIer 

Key words: Adaptation, Territoriality, Life history, Mating tactics, Grazing pressure, Coral 
reef, Reproduction, Scaridae 

Abstract 

We compare the (relative) abundance of life phases [juveniles (JU), initial ph ase (IP) and 
terminal ph ase (TP) fishl, social categories (territorial and group adults), and fish following 
alternative mating tactics, in three local populations of the protogynous reef herbivore, 
Sparisoma viride, on the fringing reef of Bonaire (Netherlands Antilles). In order to 
deterrnine the ad~ptive significance of variations in social organization, they are related to 
the density of conspecifics and other herbivores and to the availability of food, shelter and 
mating sites. The most striking difference is the high abundance of JU and group fish at 
one location (Playa Frans) and the total absence of group fish at another (Red Slave). 
These differences are coherent with a gradient in population density, total herbivore 
density, scarid grazing pressure, and reproductive output, all of which are highest at Playa 
Frans and lowest at Red Slave. Exposure to waves and currents shows an inverse trend. 
The differences in the relative abundance of territorial fish can be explained by the concept 
of economic defendability, which is reduced at higher population density . In a life history 
context, small TP group males represent 'bachelors' that sacrifice current reproduction for 
better future prospects. As predicted by life history theory, early sex change is promoted at 
sites where the future rewards are higher (higher spawning rates of large TP males) and 
where the costs incurred during the bachelor phase are reduced (more spawning 
opportunities for group TP males) . At Red Slave an altemative male mating tactic 
('streaking') appears to be promoted by the lack of a refuge for group TP males and by a 
dense gorgonian canopy, allowing IP males to reside inside territories. We concJude that 
most observed differences in population structure can be considered adaptive in an 
ecological and in a life history context. Population density is a major factor in both 
contexts. Analysis of the variability in adult density in relation to JU density and the 
availability of food and shelter indicates that the S. viride populations at Bonaire are not 
totally controlled by stochastic processes. Considering the small spatial scale and the high 
dispersal of the plankton ic larvae, the observed variability in behavioural and life history 
traits of S. viride points to a high degree of phenotypic plasticity. 
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Introduction 

Many coral reef fish show striking intraspecific differences in social, mating and life 
history pattems (see reviews by Thresher 1984, Shapiro 1991). Wamer (1991) suggested 
that this variability probably mirrors a high degree of phenotypic plasticity allowing local 
adaptations to different environments. For most reef fish such flexibility could be highly 
adaptive, given the unpredictable dispersal of their planktonic larvae, the site-attachment of 
settled individuals, and the spatial heterogeneity of the environment. 

The stoplight parrotfish Sparisoma viride, a common herbivore on many Caribbean 
reefs, appears to be one of the species that shows a highly variabie social organization 
throughout its geographic range. It is a protogynous hermaphrodite (Reinboth 1968) with 
two distinct adult colour phases, initial phase (IP) fish (mottled brown body with white 
scaIes, reddish belly and fins; either female or male) and terminal phase (TP) males 
(emerald green body with yellow tail- and opercular spots, blue and purple fins). S. viride 
has been described as a solitary and sedentary species at Puerto Rico (Barlow 1975) and 
Jamaica (Hanley 1984), whereas it is typically found in mobile, loose aggregations at 
Bermuda (Gygi 1975), San BIas (Robertson & Wamer 1978), and Barbados (Frydl 1979). 
At Belize (Cardwell 1989), Grand Turk (Koltes 1993) and Bonaire (van Rooij et al. 1995b) 
some l:ldults are organized in harem-like groups (1 TP male plus a number of lP females) 
occupying permanent territories C'terriorial fish'), while others are found in (multi-male) 
groups of lP and TP adults sharing common home ranges C'group fish'). Spawning occurs 
in pairs and is dominated by large TP maIes that actively exclude other maIes from their 
territories, either throughout the day (Cardwell 1989, Koltes 1993, van Rooij et al. 1995b) 
or during the daily spawning period (Robertson & Wamer 1978, van Rooij et al. 1995b). 
lP maIes followan alternative mating tactic, their female-like colour and cryptic behaviour 
allowing them to intrude territories and to rush in and join a spawning pair at the climax 
C'streaking'as defined by Robertson & Wamer 1978, Cardwell 1989, van Rooij et al. 
1995b). IP:TP ratios may vary between reefs and reef zones, reported values ranging 
between 4.4: 1 and 1.9: 1 (Robertson & Wamer 1978, Alevizon & Landmeier 1984). The 
proportion males among lP fish was found to be 3% at Belize (Cardwell 1989) and 10% at 
San Bias (Robertson & Wamer 1978). 

Unfortunately, most studies only give qualitative descriptions, based on short term 
observations, and do not provide enough information to determine whether this geographic 
variability represents local adaptation to different habitats. The aim of this study is to 
provide quantitative data on local differences in population structure of S. viride and some 
relevant environmental parameters, namely population density, the density of poten ti al 
heterospecific competitors for food and space (macroherbivores), and the availability of 
food, shelter and mating sites. A five year field study of one 10caJ S. viride population 
allowed a detailed quantitative description of its social structure, which proved to be stabie 
(van Rooij et al. 1995b). Furthermore, our study area, the island of Bonaire (Netherlands 
Antilles, Fig. 1), is surrounded by a continuous fringing reef that shows marked local 
differences in abiotic (exposure to waves and currents, reef profile) and biotic (coral 
growth, herbivore abundance) factors at relatively small «25 km) spatial scales. This 
provided us the opportunity to compare the social structure and habitat at our main study 
site with that al two other sites where (less detailed) comparative studies were carried out. 
Aspects of the social structure that we quantified are the (relative) abundance of: (1) 
different life and colour phases, (2) territorial and group fish, and (3) adults following 
alternative mating tactics. We will discuss whether the observed differences in social 
structure can be considered adaptive, or rather reflect stochastic variàbility in population 
structure and density. 
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Chapter 4 

Materials and methods 

Study animal 

Sparisoma viride (Bonnaterre) preferentiaIly grazes on dead coral substrates of low skeletal 
density, covered with algal turfs and infested by endolithic algae (Bruggemann et al. 
1994a). It shares these grazing substrates with many other herbivores, particularly with 
other scarids. Live coral and sand are clearly avoided. Apart from protogyny and sexual 
dichromatism, its life history is characterized by a pelagic larval stage. Fish settle on the 
reef at about 1 cm length as female juveniles (JU) with a colour pattern similar to that of 
lP adults. Some other aspects a1so appear characteristic for all studied populations (e.g. 
Robertson & Warner 1978, Cardwell 1989, Koltes 1993, van Rooij et al. 1995b). TP males 
attain the largest size (up to 45 cm fork length, FL) but show considerable size overlap 
with lP fish. The change from lP to TP may occur over a wide size range and the timing 
of sex and colour change appears to be flexible. Fish reach sexual maturity at 15-17 cm 
FL, although larger individuals can be sexuaIly inactive. Reproductive activity occurs daily, 
throughout the year. Eggs are spawned directly into the water column and are fertilized 
externally without subsequent parental care. 

Two major social units have been described by van Rooij et al. (1995b) for our 
main study site (Karpata): one-male groups defending permanent territories against adult 
conspecifics (territorial fish) and mul ti-male groups of adults sharing common home ranges 
(group areas). Besides in group composition, these units show marked differences in size 
composition (Iarger proportion of smaller fish in group areas) , size and stability of the 
home range (Iarger for territorial fish) and sexual activity (rare in group areas). Both high
yield food patches and mating sites were inferred to play an important role in explaining 
the territorial behaviour of S. viride (van Rooij et al. 1995 band c). 

CARIBBEAN SEA 

o 2 • 6 il"""l'Okm 

Fig. 1. Map of Bonaire 
(Netherlands Antilles) showing the 

location of the three study sites. 

69 



Local Variability 

Study sites 

Bonaire (12°N, 68°W, Fig. 1) is an oceanic island 90 km North of Venezuela, surrounded 
by a weil developed fringing reef. The prevailing easterly trade winds cause a heavy surf 
at the North and East coast. The relatively sheltered reef at the 56 km long leeward coast 
has been mapped extensively by van Duyl (1985). lt typically shows avertical zonation of 
coral growth with Acropora palmata in shallow water, A. cervicomis in slightly deeper 
water, deeper down head corals dominated by Montastrea annularis, and flattened, roof 
shingle shaped colonies on the deeper reef slope. 

Fig. 2. Reef profiles and zonation 
at the three study sites. 
ZoO = shore zone, Z-1 = A. 
pa/mata zone, Z-2 = A. cervicornis 
zone, Z-3a = gorgone zone, Z-3b 
= drop oft, Z-4 = reef s/ope (see 
text for description dominant 
growth forms). The position of the 
quadrats used for the visual 
censuse& (00-04) is shown. Note 
the distortion of quadrat width due 
to the exaggeration of the vertical 
scale. 
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We selected three sites that represent most of the variation in reef structure present 
along the leeward coast, indicated as 'Playa Frans', 'Karpata' and 'Red Slave' in Figure I . 
Red Slave is most exposed to wave action (modal wave height 1-1.5 m), Playa Frans is 
most sheltered (30-50 cm waves), and Karpata takes in an intermediate position (50-100 
cm waves) (van Duyl 1985). The same trend is observed in current re.gime, the strongest 
currents prevailing at Red Slave and the weakest at Playa Frans. 

Six reef zones have been distinguished, five of which occur at Karpata and four at 
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Chapter 4 

the other two locations (Fig. 2): 
(I) shore zone: at Karpata and Playa Frans characterized by peak herbivore density and 

large dead coral boulders, interspersed with dense stands of dead but erect Acropora 
palmata that form an inaccessible shallow «0.3 m) plateau (exposed at low spring 
tides); at Red Slave this zone consists of a bare rock flat, devoid of grazing fish and 
exposed to heavy surge; 

(2) A. palmata zone: with live A. palmata growth, which is most exuberant at Playa Frans, 
intermediate at Karpata and scarce at Red Slave; 

(3) A. cervicornis zone: at Karpata relatively narrow and dominated by dead A. 
cervicomis rubble; at Playa Frans this zone extends to greater depth and shows 
more live A. cervicornis growth, interspersed with dense beds of finely branched 
Madracis species; absent at Red Slave; 

(4) gorgone zone: only distinguished at Red Slave: characterized by lush gorgonian growth 
(Plexaura, Muricea and Eunicea spp.); 

(5) drop off: only distinguished at Karpata: live coral dominated by massive live 
Montastrea annularis heads; and 

(6) reef slope: all three locations: spurs of live coral dominated by more flattened M. 
annularis colonies, separated by sandy valleys; buttress formation (sensu van Duyl 
1985) in this zone is more pronounced at Playa Frans and Karpata than at Red 
Slave. 

Note that the upper and lower depth limits of the zones are not necessarily the same at the 
three locations. 

Measurements of abundance 

Four 15xl5 m quadrats, subdivided in nine 5x5 m squares, were roped off at the three 
study sites, one in each reef zone (except for the narrow A. cervicomis zone at Karpata) in 
Sep 1988. Due to heavy surge (following a temporal 1800 shift in wind direction) the 
shallowest quadrat (QO) was destroyed at Red Slave and at Karpata before our first census. 
Because we rarely observed fish in the shore zone at Red Slave, density could safely be 
assumed to be zero here. At Karpata however, herbivore abundance peaked in the 
shallowest zone. We therefore laid down a new quadrat in this zone in Feb 1989 and 
added one in the A. cervicomis zone (both measuring 10x15 mand divided in 6 squares) 
so that nearly the entire profile between 1 and 22 m dep th was covered (see Fig. 2 for the 
position of all quadrats). The five quadrats at Karpata are referred to as QO to Q4; the 
numbers of the quadrats at the other two sites are chosen such that they correspond to 
approximately similar dep th ranges. 

Abundance of Sparisoma viride phases and other herbivores 
In Sep 1988 five visual censuses were performed in all quadrats at the th ree sites. More 
data were obtained at Karpata, our main study site, on 26 subsequent counts (3 in Feb, 4 in 
Jun, Sep and Dec 1989, 4 in Mar and Jun 1990, 3 in Jan 1992; further referred to as the 
'89-'92 counts). 

All parrotfish (Scaridae), surgeonfish (Acanthuridae), sea urchins (Echinoidea) and 
territorial herbivorous damselfish (Pomacentridae, only with adult colour pattem) were 
counted. Parrotfish were counted in 5 cm FL classes (Iength from tip of closed mouth to 
end of median caudal finray), except for the smallest JU that were divided in a 0-2 and a 
2-5 cm class. JU are defined as fish <15 cm FL (S. viride and Scarus vetula ) or <10 cm 
(Sparisoma aurofrenatum, Scarus taeniopteris, and Scarus iserti) , based on the size of the 
smallest fish that were observed to spawn. The smallest JU Scarus species could not be 
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distinguished and were pooled into a single category. For surgeonfish a distinction was 
made between JU «5 cm FL) and (solitary or schooling) adults. 

Fish > 10 cm were counted, one species at a time, by quickly scanning all 5x5 m 
squares of a quadrat from a di stance of 4-6 m, using SCUBA gear. Next, each 5x5 m 
square was searched at closer range for fish <10 cm and for sea urchins. Attention was 
paid not to count individuaIs twice. Fish could be scored quickly on a prepared slate with a 
cm scale reference to faciJitate length estimation. Time needed to count each quadrat was 
kept within certain Jimits in repJicate counts, but differed between quadrats; more time was 
required in quadrats with higher fish density and greater spatial complexity. Acanthurid 
schools were only recorded while counting large fish. All counts were performed between 
9:30 and 17:00 hand not during the daily spawning period nor during the dusk migrations. 

Average density (n ha· l
) over the entire reef (further referred to as the 0-20 m 

average) was ca1culated as the average of the quadrats, weighted for the width of each 
zone (measured perpendicular to the coastJine and following the average slope in each 
zone). All but the last three counts were performed by the first author plus one of two 
assistents. No significant differences between counters were detected, so their data were 
pooled. Furthermore, the density of adult S. viride and most other grazers at Karpata in 
Sep 1988 did not deviate significantly from the '89-'92 averages (comparing the same 
three quadrats). Because the latter are based on much larger sample sizes and on counts in 
all five reef zones, they provide the most representative estimate of herbivore abundance at 
Karpata. Therefore, the '88-'92 averages for Karpata are used to compare herbivore 
abundance with the '88 averages at the two other sites. 

Abundance of territorial and group Sparisoma viride 
The two major social units described by van Rooij et al. (1995b) for Karpata can be easily 
distinguished by observing the behaviour of TP males, which are individually recognizable 
by the pattern of their yellow tail spots. Whereas territorial males chase all TP conspecifics 
from their feeding range, group males tolerate a number of TP males. By definition, lP fish 
residing in TP territories are referred to as territorial fish while those in multi-male groups 
represent group fish. This distinction is based on detailed observations at Karpata on 40 lP 
and 45 TP fish that were individually recognized and studied between Apr 1987 and Nov 
1990 (total effort 1650 hunderwater observation). It was not feasible to spend the same 
effort at the other two study sites. Therefore, we there selected 2-3 TP males of varying 
size from each reef zone as focal animaIs. In Feb or Mar 1989 their behaviour was 
continuously recorded in th ree 90 min protocols, two during and one outside the daily 
spawning period (see below). Furthermore, general surveys of fish behaviour were 
performed between Nov 1987 and Aug 1990, covering all parts of the day. The total effort 
amounted to 65 h at Playa Frans and 72 h at Red Slave. 

Social status of individual S. viride could not be assessed during the counts. 
However, territorial and group fish proved to reside in different reef zones, so their 
abundance could be derived from the counts in the quadrats in relevant zones. 

Relative abundance of Sparisoma viride adults following alternative mating tactics 
Insight into the mating tactics was obtained by continuous observation of focal TP males 
(the same as mentioned above) and by general surveys of sexual activity during the daily 
spawning period. The daily timing of this period at each site was estabJished by continuous 
observation from sunrise until sunset and confirmed by later observations of sexual 
activity. Time, depth and location of each spawning plus the identity Gf the partners were 
recorded. Because the mating tactic of an individual proved to depend on its social status, 
the relative importance of different tactics could be inferred from the abundance of group 
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Chapter 4 

and territoria) fish and their average spawning rates. Average daily spawning rates were 
calculated as the number of spawnings observed, divided by the total observation time 
(min during the spawning period) and multiplied with the maximum duration of the daily 
spawning period, which yields an estimate of the daily number of spawnings (cf. van Rooij 
et al. 1995b). As a qualitative indication of the relative abundance of streaking lP males, 
we calculated the proportion of spawnings that were interfered by streaking events. 

A vailability of food, shelter and mating sites 
Food abundance was estimated by quantifying bottom coverage with suitable grazing 
substrates. We distinguished five bottom substrates: dead coral rubble, rock flat, live coral, 
sand, and a rest category (together adding up to 100%), only the first two of which 
(referred to as algal rock) are grazed by S. viride. We also estimated the coverage of 
gorgonian canopy. Coverage was determined in all 5x5 m squares and averaged per 
quadrat. 

Coverage of bottom substrates (estimated in a two dimensional plane) was corrected 
for rugosity to obtain a more accurate estimate of the actual area covered. As a measure of 
rugosity, we determined a surface index (SI) for each quadrat from the ratio of the straight 
lengths (Ls) of the two diagonals and the di stance between the same corners, following the 
relief (Lr): SI = LL/LLs. Like fish density, average rugosity and bottom coverage between 
o and 20 m depth were calculated as the mean of all quadrats, weighted for the widths of 
the zones they represent. Both rugosity and substrate coverage were detennined in Sep 
1988 (all sites) and in Feb 1989 (Karpata). 

Food availability depends not only on tot al food abundance, but also on the number 
of competitors exploiting the same food sources. S. viride shows a large overlap in habitat 
and substrate use with other scarids and acanthurids (van Rooij et al. 1995c). We therefore 
calculated three measures of grazing pressure as: 

[competitor density] / [(%cover algal rock / 100) x SI], 
using the density óf (1) adult S. viride, (2) that of all adult scarids summed, and (3) that of 
all adult scarids plus acanthurids . 

A qualitative indication of the availability of shelter and mating sites was obtained 
by observing where fish sheltered at night and when chased by a di ver, and by recording 
depth and location of the sites where fish were observed to spawn. 

Statistica I analyses fish censuses 

The number of fish counted per quadrat proved to follow a Poisson distribution, which is 
highly skewed at low means. Therefore, we only tested differences in 0-20 m averages 
(which is based on the summed number of fish in all quadrats), using analysis of variance 
(ANOV A) and af ter normalisation by square root transformation (Sokal & Rohlf 1981). In 
case of a significant effect we used contrast analyses to compare the average density at 
Red Slave and Playa Frans with the '88-'92 ave rage at Karpata. To check for possible 
temporal bias we also included the 0-20 m average of the '88 counts at Karpata in our 
tests, which never deviated from the '88-'92 average unless stated otherwise. Homogeneity 
of variance was checked by Cochrans C and Bartlett-Box F tests. In case of c1ear 
deviations from normality or heterogeneous variance, averages were compared by the non
parametric Kruskal-Wallis test. All tests were performed with the computer package 
SPSSIPC+ (vers ion 4.0 I , Norusis 1990). 
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Results 

Comparison of the Sparisoma viride populations 

Table 1. Sparisoma viride. Comparison population structure and spawning rates at the three study 
sites. 

Red Slave Karpata Playa Frans 

Reef width 0·20m depth 180m 88m 132m 

Density 0·20m (n hé) 
average ± SEM 

JU 30 ± 6.6 188 ± 13.5 2216 ± 243.6 
lP 77 ± 5.9 189 ± 9.5 222 ± 21.4 
TP 13 ± 4.2 103 ± 5.7 132 ± 16.0 

Proportion (%) 
TP territorial 100.0 10.3 S4.8 
lP territorial 100.0 22.9 6.6 
Adults group male 0.0 31.8 35.5 
Group TP sex.active 29.1 28.4 
Spawnings + streaker 14.1 0.3 0.0 

Territory size (m2
) 529 494 ~300 

Nr.IP per territory S6.11 4.29 ~2 .31 

Spawnings 90 min·· [min obs] 
Territorial TP 6.16 [965] 6.42 [11665] 9.37 [845] 
Sex.active group TP 0.56 [2422] 3.15 [600] 
Territorial lP n.d. 1.33 [ 4065] n.d. 
Group lP 0.85 [2540] n .d. 

n.d. = no data 

Table 1 summarizes the main characteristics of the S. viride populations at the three study 
sites. These are explained in more detail below. 

Density and relative abundance Sparisoma viride Iife phases 
The trend in the 0-20 m average density of S. viride was the same for all life phases: 
lowest at Red Slave, intermediate at Karpata and highest at Playa Frans (Fig. 3). The 
differences in lP and TP density betweerr. Karpata and Playa Frans were not significant, but 
total adult density (lP + TP summed) was (t36 = 2.38, P = 0.023). The lower density at Red 
Slave was more pronounced for JU and TP fish than for lP fish. Most striking was the 
extreme high JU density at Playa Frans. 

Comparison of the densities per quadrat (Fig. 4) shows that the high JU density at 
Playa Frans was caused by a high density in the three shallower quadrats, whereas the 
differences were relatively small in Q4. The low average adult density at Red Slave was 
mainly caused by their absence in the shore zone, whereas lP (but not. TP) density in Q3 
was even higher than at Karpata. The high adult density at Playa Frans was entirely due to 
their relatively high abundance at depths >3.5 m; most striking was the fourfold higher TP 

74 

n 

2: 

n 

4 
3 



-1 
§ R.Slove ~Korp []]]llll P.Frons n ho 

2400 1 b ~ 
0-20m 

1 0 

2200 

200 

100 

0 
JU lP TP 

Life phose 

- 1 
n ha 

§ R.Slave . Karp . • P.Frans 

4000 J T 
3500 rmlrm 

:::1 J 11 
2200 J .:..L 
2100 [1111111 1 

20: 1 ~IIIIIIII 
2000 J mL 

'::~1 I 
.. 

Q1} 

_ 1 
Q2 t 

Jll 
_ 

03

1 

20:! '---' =T .=~~=llWl...-------=P'!fP?221l!lÏiT!WIJIlllL.....J041 
lP TP 

:::l J 
JU 

Life phase 

Chapter 4 

Fig. 3. Sparisoma viride. 0-20 
m average densities (+SEM) of 
juveniles (JU), initial phase (lP) 
and terminal phase (TP) adults 

at the th ree study sites. 
Pairwise comparison between 

sites performed by contrast 
analysis lor each lile phase 

separately; signilicant 
differences indicated by 

different letters (see text lor 
signilicance overall tests). 

Fig. 4. Sparisoma viride. 
Comparison average densities 

(+SEM) per quadrat ol 
juveniles (JU), initial phase (lP) 
and terminal phase (TP) adults 

at the three study sites. See 
Fig. 2 lor position quadrats. No 

data lor 00 and 02 at Red 
Slave and lor 03 at Playa 

Frans. 
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density in Q2. 
Averaged over all quadrats, the lP:TP ratio at Karpata and Playa Frans was bel ow 

2: 1, whereas it exceeded 6: 1 at Red Slave. Figure 5a also shows that the ratios differed 
considerably between zones. At Playa Frans, lP fish were only 1.50-1.75 times as abundant 
as TP fish in the shaJlower three quadrats, and the ratio reached a maximum of 2.33 in Q4. 
At Karpata the IP:TP ratio first increased with depth from 1.64 in QO to 3.37 in Q2 and 
then decreased with depth to a minimum of 1.12 below 12 m. At Red Slave the lP:TP ratio 
remained relatively high in all three quadrats. 

JU:Adult ratios (Fig. 5b) were strikingly high at Playa Frans, especially in the two 
shallowest quadrats. At Red Slave the ratio in Q3 and Q4 was considerably lower than at 
Karpata, whereas in Ql the relative abundance of JU is about equal. 

Abundance territorial and group S. viride adults 
Multi-male groups were completely absent at Red Slave, largely restricted to depths <3 m 
at Karpata, and dominated the reef between 0 and 9 m depth at Playa Frans. All TP males 
at Red Slave showed clear territorial behaviour against TP conspecifics. At the other two 
sites territorial mal es were restricted to the deeper reef parts (>3 respectively >9 m for 
Karpata and Playa Frans). Territories were shared by a single TP male and several lP fish 
at all sites. 

Due to frequent invasions of the deeper reef by TP group males, the TP density 
counted in Q2-4 at Karpata is about twice that of territorial mal es as obtained from a map 
of their territories (van Rooij et al. 1995b). Taking this bias into account, we estimate that 
about 23% of all lP and 10% of all TP adults at Karpata resided inside territories. 
Assuming that at Playa Frans all fish in Q4 were territorial and those in the other th ree 
quadrats were group fish, about 7% of the lP and 5% of the TP fish are estimated to be 
territorial. However, the actual proportion of territorial males is probably lower, since (as 
at Karpata) TP density in Q4 may be inflated by group male invasions. 

Miscellaneous S. viride categories 
At Playa Frans schools of 10-30 TP males were regularly seen roving over the reef, 
covering di stances of several hundred meters, meanwhile frequently pausing to graze. 
These schools formed in the course of the moming when group males from the shallow 
reef joined to feed in deeper reef parts. Comparable TP schools were never observed at 
Karpata or Red Slave. Roving groups of lP and transitionally coloured fish were observed 
incidentally at all three sites but were too rare to be studied. 

Territory and harem size S. viride 
From the average TP density in the zone(s) where territorial males occur, an estimate of 
territory size can be obtained. This yields an ave rage of 529 m2 for Red Slave and 300 m2 

for Playa Frans, while van Rooij at al. (I 995b ) found an average area of 494 m2 for 17 
mapped territories at Karpata. Likewise, estimates of average harem size can be obtained 
from the lP:TP ratios in the territorial reef parts, which amount to 6.1 at Red Slave, 2.3 at 
Playa Frans and 1.9 lP per territory at Karpata. If the latter value is doubled to correct for 
the presence of group males on the deeper reef, it equals the average of 3.8 lP fish that 
were actually counted in 16 territories by van Rooij et al. (1995b). These results suggest a 
positive correlation between territory and harem size, both of which are inversely related to 
average population density . However, the estimates for Playa Frans may be underestimated 
due to the possible presence of group males below 9 m depth. Harem si ~e at Red Slave is 
probably overestimated due to the presence of lP males (see below). 
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Fig. 5. Sparisoma viride. a) Initial 
phase: terminal phase ratios and 
b) juvenile : adult ratios at the 
three study sites per quadrat and 
0-20 m averages. nd = no data. 
No TP observed in Q4 at Red 
Slave. so no IP:TP ratio 
calculated. 
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Virtually all spawning of S. viride occurred between 7:00 and 9:30 at Karpata, between 
13:30 and 17:30 at Red Slave, and between 10:00 and 16:00 at Playa Frans. However, at 
any day and at each Iocation all sexual activity took place within a 1 Y2 h period. Spawning 
rates were therefore calculated as frequencies per 90 min. 

Territorial TP males appeared to spawn daily inside their territory, attaining average 
spawning rates of 6.2, 6.4 and 9.4 spawnings 90 min'! at Red Slave, Karpata and Playa 
Frans respectively. At Red Slave all sexual activity ocurred inside territories and the TP 
males appeared to spawn with lP fish from their own territory. Although no lP individuals 
were studied here, the territorial fish probably form stabie social units, just as the one-male 
groups at Karpata (van Rooij et al. 1995b). The mating system at Red Slave therefore 
appears to be strictly haremic. The only complication is the presence of streaking lP males, 
which were observed to interfere in 10 out of 71 pair spawnings (14.1%). Streaking 
behaviour was observed rarely at Karpata (3 out of 1110 spawnings or 0.3%) and never at 
Playa Frans (lIl observed spawnings), indicating that the proportion of lP males was 
highest at Red Slave. Rather than by lP males, the mating system at the other two sites is 
complicated by the presence of sexually active group TP males. 

At Karpata all spawning activity occurred at depths >2.5 m, i.e. in that part of the 
reef that was dominated by territorial males. However, some territories were temporarily 
taken over by group males, allowing the larger group members to spawn with the mates of 
the former territory owner (van Rooij et al. 1995b). As aresuit, the average spawning rate 
of group TP males residing on the deeper (>2.5 m) reef (26% of all TP males) amounted 
to 0.6 spawnings 90 min-!, whereas that of most males from the shore zone (64% of all TP 
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males) was probably zero. The system is further complicated by the presence of some rare, 
large group TP males attaining eonsiderable spawning sueeess at one of a few deep (> 30 
m) spawning sites. Due to depth limitations to diving time, the aetual spawning rates of 
these 'supermales' eould not be determined. Their high sueeess is inferred from the 
observation that all larger lP females (> 25 cm FL, 68% of all lP fish) frequently spawned 
at a deep spawning site. Larger group lP and territorial lP often spawned twiee a day, onee 
with a territorial TP male and onee with a supermale at a deep spawning site. Due to this 
dual female mating taetic, the average spawning rate of territorial and larger group lP fish 
exceeded 1 spawning 90 min-I (van Rooij et al. 1995b). 

At Playa Frans eonsiderable sexual aetivity was observed inside the group areas 
between 3.5 and 9 m depth, whereas no aetivity was observed in the groups residing in the 
shallower reef parts «3.5 m). The largest group males in the A. cervicornis zone appeared 
to be as suceessful as the territorial males from the reef slope, whereas smaller group 
mal es were rarely observed to spawn. As aresuit, the average spawning rate of group TP 
residing at 3.5-9 m depth (27% of all TP males) amounted to 3.2 spawnings 90 min-I , 
whereas that of most males from the two shallowest zones (68% of all TP males) was 
probably zero. Although never witnessed directly, deep spawning aetivity probably also 
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occurred at Playa Frans, since TP and lP fish were occasionally observed migrating to 
deep water during the daily spawning period. 

Comparison of environmental parameters 

Substrate coverage and rugosity 
The most striking features of the Red Slave reef are the wide shallow terrace of bare 
rockflat and the lush gorgonian growth at greater depth (Fig. 6). The shallow rockflat was 
mainly responsible for the low average rugosity at Red Slave. SI increased with depth here, 
as opposed to Karpata and Playa Frans where it was relatively high in the shallowest 
zones. Rugosity below 12 m hardly differed among locations. Averaged over all zones, 
rugosity was highest at Playa Frans. Figure 6 also shows the relatively high coverage of 
rock flat and gorgonian canopy and the low cover of rubble and live coral at Red Slave. At 
Playa Frans live coral cover was somewhat higher than at Karpata, whereas the amount of 
dead coral rubble compared weIl at both sites. 
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Herbivore density 
Most JU parrotfish and surgeonfish were relatively scarce at Red Slave and most abundant 
at Playa Frans (Fig. 7). Only JU Sparisoma aurofrenatum appeared equally abundant at all 
locations. JU Acanthurus coeruleus and A. bahianus were most numerous at Playa Frans. 
(Their low density at Karpata rnight be a temporal bias, since the ' 88 average was 
significantly higher than '88-'92 average, although still lower than that at Playa Frans.) 

All but one of the adult scarids (IP + TP summed) were less abundant at Red Slave 
than at Karpata. The exception was Scarus iserti attaining a three times higher density at 
Red Slave. This species was also the most numerous scarid at Playa Frans, where Sp. 
viride occurred at higher and Sc. vetuia at lower density than at Karpata, while Sc. 
taeniopteris and Sp. aurofrenatum were equally abundant at these two sites. Sp. rubripinne 
and Sp. chrysopterum were relatively scarce at all three locations. Large (>0.5 m FL) 
individuals of Sc. coeruleus, Sc. coelestinus, and Sc. guacamaia were observed 
occasionally at Karpata and Playa Frans but never counted. 

Adult surgeonfish were most abundant at Karpata and scarce at Red Slave. Their 
high abundance at Karpata was mainly caused by large foraging schools visiting the 
shalJow reef during the summer months. Comparabie schools were also observed at Playa 
Frans although not during the '88 counts. 

Urchin density (mainly Diadema antillarum) was low at Karpata and much higher 
at Playa Frans. No reliable estimate was obtained for Red Slave, where Echinometra 
lucunter appeared to be quite abundant in the shore zone. The relatively large damselfish 
Microspathodon chrysurus was most numerous at Playa Frans and equally abundant at the 
other two locations. (Trend not affected by the significantly higher '88 than '88-'92 
average at Karpata.) Stegastes spp. (mainly St. planifrons, St. variabilis, St. fuscus and St. 
diencaeus; the common territorial but non-herbivorous St. partitus was not counted) were 
relatively abundant at Karpata and Playa Frans, but scarce at Red Slave. 

Food availability 
Combined with data on herbivore density and rugosity, bottom coverage with rubble and 
rockflat (algal rock) was used to estimate grazing presssure as an index of food 
availability. Averaged over the whole reef, grazing pressure was cJearly lowest at Red 
Slave, while S. viride and total scarid pressure were highest at Playa Frans (Tabie 2). 
When acanthurids are incJuded, grazing pressure was highest at Karpata. These differences 
(based on 0-20 m averages) mainly reflect those in the shallower reef parts that were 
inhabited by group fish or devoid of fish. In the reef parts dominated by territorial fish the 
between site differences in S. viride pressure were smal!. The trend in scarid and 
acanthurid pressure inside territories appeared to be inversed, being lowest at Playa Frans 
and relatively high at Red Slave. 

Shelter 
Adult fish at karpata sheltered in crevices between and below the large coral heads in the 
drop off and upper reef slope (between 6 and 16 m depth), both to sleep at night and when 
chased by day. At the two other locations fish also took refuge in the deeper reef. Chased 
JU immediately withdrew in small interstices in their immediate proximity, of ten between 
fine coral rubble or between the fine branches of live corals like Agaricia cervicornis, 
Porites porites and Madracis spp. Such small shelter was especially abundant at Playa 
Frans, where extensive fields of finely branching corals extend into shallow depth. 

Mating sites 
Spawning activity was restricted to depths > 2.5-3.5 m at all th ree locations. No distinct 
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Table 2. Comparison grazing pressure (Iish density per ha suitable grazing substrate, corrected lor 
rugosity) ol adult lish (Sparisoma viride, all scarids summed, scarids plus acanthurids summed) at 
the three study sites. Both the average pressure on the whole reel (0-20 m) and that in the reel 
parts dominated by group and territorial lish is given. Group areas: Red Slave: shore zone (no 
quadrat, zero density), Karpata: 00-1 ('88-'92 counts), Playa Frans: 00-2; Territories: all deeper 
quadrats. 

Sparisoma viride 

Scarids 

Scarids + 
Acanthurids 

0-20 In 

Territories 
Group areas 

0-20 In 

Territories 
Group areas 

0-20 In 

Territories 
Group areas 

R.Slave 

102 
190 

1129 
1879 

1382 
2311 

Karpata P.Frans 

307 365 
224 189 
385 469 

1599 1937 
1491 1265 
1894 2776 

4249 2799 
2376 1283 
5540 3979 

mating sites were recognized inside territories, the male spawning wherever a female 
offered herself. The deep spawning sites at Karpata appeared to be scarce, as inferred from 
the large groups of lP fish that were observed at a few deep sites early in the morning, 
apparently waiting for their turn to spawn with a supermale. No more than three 
supermales were observed to spawn simultaneously between 30 and 50 m depth above a 
buttress bordering a sandy valIey. A comparable buttress was found some 200 m away 
from the first. We have no indication of the abundance of deep spawning sites at Playa 
Frans or Red Slave. 

Discussion 

The most striking difference in social structure of Sparisoma viride at the three locations is 
the high abundance of JU and group fish at Playa Frans and the total absence of group fish 
from Red Slave. These differences are coherent with a gradient in population density, total 
herbivore density and scarid grazing pressure, alI of which are highest at Playa Frans and 
lowest at Red Slave. An inverse gradient is observed in the exposure to waves and 
currents. 

To determine whether the observed patterns can be considered adaptive, we wiIl 
first discuss how weIl they fit some predictions derived from ecological and life history 
theory. Population density appears to be a major environmental parameter affecting the 
social organization of S. viride, therefore we wiJl also discuss potential causes for the local 
variability in population density. 

Local differences in degree of territoriality 

Whereas all adults are territorial at Red Slave, only 6% of the adults at Playa Frans and 
18% at Karpata reside in territories, that is in one-male groups as defined by van Rooij et 
al (1995b), This requires an explanation. A useful concept to understand the adaptive 
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significanee of territoria} behaviour is the concept of economie defendability, proposed by 
Brown (1964). It predicts the development of territorial behaviour if the benefits of 
excJusive access to a resource are larger than the costs of defending it. When competitor 
density becomes too high, territories may be no longer economically defendable due to the 
increased costs of defence (Davies & Houston 1984). A weil documented example is the 
absence of TP male territories of the wrasse Thalassoma bifasciatum from favoured mating 
sites at large patch reefs where the density of competing lP mal es is too high (Warner & 
Hoffman 1980 a and b). Since territoria! defence in S. viride is aimed at conspecifics only, 
the costs of defence will depend on the density of adult S. viride and not on that of other 
potential food competitors. The observed between site differences fit the predicted pattern 
weil: the proportion of territorial fish is highest at the site with lowest adult density (Red 
Slave) and smallest at the highest density site (Playa Frans). If the zero density in the 
uninhabitable shore zone at Red Slave is not incJuded in the estimate of average density, 
adult abundance is still 54% lower than at Karpata, n0t changing the observed trend. 

Besides competitor density, resource quality also affects the economic defendability 
of a territory (Davies & Houston 1984). Both food and mating sites have been inferred to 
be the major defended resources, explaining the social organization at Karpata (van Rooij 
et al. 1995b and c). Although the defence of mating sites alone may explain the territorial 
behaviour of territorial TP males during the spawning period, it does not explain why 
territories are defended outside the spawning period, nor why lP fish also en gage in 
territory defence. Furthermore, the occurrence of high biomass algal food patches inside 
territories also points to the defence of food sources (Bruggemann et al. 1994a and b). 
Considering the large overlap in habitat and substrate use between S. viride and other 
scarids (van Rooij et al. 1995c), the latter could deplete the high-yield food patches inside 
S. viride territories to such an extent that they are no longer worth defending. At Red 
Slave scarid grazing pressure inside territories is as high as that in group areas at Karpata, 
whereas S. viride pressure in territories is about the same at all three locations. This 
strongly suggests that the economic defendability of S. viride territories is not affected by 
the density of other scarids. 

Defendability of a territory is not only a function of competitor density and 
resource distribution but also of territory size, smaller territories being defendable at higher 
densities (Hixon 1980). Therefore, the apparent inverse trend with population density 
appears to be adaptive. It would also explain the decrease in harem size at higher 
population density, since smaller territories provide less food. The higher spawning rate of 
territorial males at the higher density locations, despite their smaller harems, indicates that 
these males acquire more extra-haremic matings (i .e. with females from group areas). 

Alternative life history options 

More than 50% of the TP males at Karpata are smaller than the smallest territorial male 
and are mostly sexually inactive (van Rooij et al. 1995b). If these fish had remained lP 
females they could have attained higher spawning rates. These bachelor males can 
therefore be viewed as fish that changed sex 'too early' . Early sex change can be adaptive 
if sexually active individuals suffer higher mortality or reduced growth rates (lwasa 1991). 
Van Rooij et al. (1995a) showed th at group males at Karpata grow faster than territorial 
males and females and suggested that bachelors followan alternative life history tactic. 
Theory predicts th at early sex change is promoted when the future rewards are higher or 
when the costs incurred during the bachelor ph ase are lower (Warner 1991). Considering 
the higher spawning rate of both territorial males (Jarger future rewàrds) and of group 
males (lower costs during the 'bachelor' phase) at Playa Frans, the high proportion of 
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group males at this location appears to be adaptive. 
The absence of group males, the high IP:TP ratio, and the low TP density at Red 

Slave, raise the question why not more lP fish change into (either territorialor group) TP 
males here. The lack of an inhabitable shallow reef zone probably plays a major role. At 
Karpata and Playa Frans the shallow reef is not controlled by territorial males and offers 
living space for fish that change sex and colour. It further harbours many mature lP 
females that form a souree of extra-haremic mates for territorial males. At Red Slave fish 
adopting TP colouration will be expelled from the territory and would have to move to 
some other location or join a roving group. Furthermore, the low territorial TP spawning 
rates and the apparent absence of deep spawning activity point to relatively low future 
rewards. Since there is no sou ree of extra-haremic mates, TP male success would be 
further reduced if more lP females changed sex. Under these conditions early sex change 
can be expected to be suppressed. 

The high frequency of streaking behaviour suggests that an altemative life history 
option, other than the 'bachelor' tactic, is followed at Red Slave. The success of streaking 
IP males depends on their ability to escape from the attention of territorial males (Wamer 
et al. 1975). At Red Slave lP males can easily hide below the luxurious gorgonian canopy, 
which may favour this altemative male tactic. 

Local differences in population density 

As argued above, population density is an important environmental parameter explaining 
local differences in social organization. This raises the question what causes the local 
variability in density. 

If local density of reef fish is totally controlled by unpredictable random settlement 
of larval fish from an oceanic supply (cf. Doherty & Williams 1988), no correlation with 
the abundance of food or other vital resources is expected. Populations should then be 
considered to represent open, nonequilibrial systems (cf. Sale 1991, Sale et al. 1994). If 
however some fraction of the locally produced offspring is retained near the home reef and 
survives to maturity, populations may attain an equilibrium density at which mortality 
equals recruitment. A positive correlation between resource abundance, population density 
and reproductive output is then expected. 

Observations on substrate use by parrotfish at Karpata (van Rooij et al. 1995c) 
showed that adult S. viride avoid rockflat and prefer rubble and the dead base of live coral. 
Therefore, the abundance of suitable grazing substrate is c1early lowest at Red Slave. At 
Playa Frans, rubble cover is similar to that at Karpata. However, rugosity and live coral 
cover are higher. The dead base of corals is usually vertically orientated and was not 
inc1uded in our estimates of (horizontal) bottom coverage. Therefore, total food abundance 
(corrected for rugosity) will be highest at Playa Frans. Among sites, food abundance is 
thus positively correlated with S. viride density. 

The availability of shelter can also affect population density. As argued by van 
Rooij et al. (1995b), shelter plays an important role in the vertical distribution of JU at 
Karpata, explaining their preference for the A. cervicornis zone and the drop off which 
provide many small refuges against predators. The more extensive fields of branching 
corals at Playa Frans will certainly contribute to the high JU density. Reduced mortality 
during the JU phase may in turn result in higher adult density . 

Total reproductive output at the three locations can be compared quantitatively by 
combining the data on density and ave rage spawning rates of the group and territorial 
males. Table 3 shows that the TP output is highest at Playa Frans and al most equal at the 
other two sites . However, the activity at the deep spawning sites is not included in these 
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Table 3. Sparisoma viride. Comparison reproductive output ol group and territorial lish at the three 
study sites. 

Red Slave Karpata Playa Frans 

Spawnings ha·l day·l 
Territorial TP 77.6 64.9 59.5 
Group TP 15.2 112.7 
Total TP 77.6 80.1 172.2 

Territorial lP n .d. 57.7 n .d. 
Group lP 124.0 n.d. 
Total lP n.d. 181.7 n .d. 

n.d. = no data 

estimates. This explains the higher estimate that is obtained from lP density and spawning 
rates at Karpata (TabIe 3). The actual reproductive output at Playa Frans mayalso be 
higher than the estimate in Table 3 due to the occurrence of deep spawning activity. 
Therefore, reproductive output of the S. viride populations is probably highest at Playa 
Frans and lowest at Red Slave. The same trend is observed in the JU:Adult ratios. This 
positive stock-recruitment relationship suggests that there is some larval retention. 
Although a classical view on pelagic spawning is that it enables long range dispersal of 
otherwise sedentary fish (e.g. Barlow 1981), a growing body of evidence from physical 
oceanographic studies (reviewed by Leis 1991) shows that larval retention near reefs is 
quite possible. However, whereas the reproductive output at Playa Frans is no more than 
twice that at Karpata, the relative abundance of JU is more than nine times higher. Both a 
lower JU mortality (due to the higher abundance of shelter) and a larger larval retention at 
Playa Frans (due to the sheltered environment) are likely causes of this discrepancy. 

Our data indieate that the S. viride populations at Bonaire exhibit equilibrial 
properties and are not totally controlled by stochastic processes. In this context the 
occurrence of roving groups may play an important role, allowing redistribution of fi sh 
between sites, and thereby offset differences in initial density due to variations in 
settlement. However, presettlement processes will play an important role as weIl. They 
probably contribute to the deviations from a perfect stock-recruitment relationship and to 
the apparent differences in grazing pressure. 

Conclusions 

We have shown that the local variability in social structure of S. viride at Bonaire appears 
to be adaptive. It can be explained by environmental differences affecting both the 
economie defendability of territories and the opportunities for early sex change. These two 
explanations are not mutually exclusive and both may be equally important. Population 
density plays an important role in both, and is itself controlled by other biotic and abiotic 
environmental parameters, including those affecting resource abundance and larval supply. 
Our finding that the studied populations show equilibrial properties does not imply that 
resources rather than recruitment limit abundance. Detailed quantitative comparisons of 
somatic growth, egg production and larval settlement are required to determine the relative 
importance of pre- and postsettlement processes. 
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Chapter 4 

The apparent variation in the social system of S. viride at a larger geographic scale 
mayalso reflect differences in the relative abundance of group and territorial fish (and 
roving groups) in response to environmental differences. Our present findings suggest that 
much of this variability is explained by S. viride's high degree of phenotypic plasticity. 
The capacity of individual fish to flexibly respond to changes in the environment seems 
highly adaptive, considering the unpredictable destination of the planktonic larvae. 

Acknowledgements 

We thank the Bonaire Marine Park authorities for permission to work at Bonaire's reefs 
and for working facilities at Karpata Ecological Centre. lv.R. was funded by the 
Netherlands Foundation for the Advancement of Tropical Research (WOTRO grant W88-
137). lP.K. received financial support from the Royal Dutch Academy of Sciences. Their 
support is gratefully acknowledged. 

85 

I' 

II 



Local Variability 

86 

eh 

A 
Ier 
an 

Jule 

Key 

At 

A~ 

is 
swi 
slat 
al\c 
oth 
len, 
CO[ 

me' 
ace 
of 
ext 
ave 
%) 
iml 
the 


