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Behavioural Energetics of Sparisoma viride 

Summary 

The main goal of this study was to quantify the energy allocation of the stoplight 
parrotfish (Sparisoma viride) on the fringing coral reef of Bonaire. Combined with the 
results of a parallel study in which the supply, intake, and absorption of food were 
investigated (Bruggemann 1995), it should provide insight into the role of this common 
herbivore in the trophodynamics of the reef. Most topics th at are addressed relate to either 
of three major themes. Besides the trophodynamic context (I), aspects of the behavioural 
ecology (2) and life history (3) of S. viride were studied in order to understand the 
adaptive significance of the complex behavioural and life history patterns displayed by this 
protogynous herrnaphrodite. The major questions addressed are: 
I: a) Can S. viride live on a strictly algal diet ? 

b) How efficiently does it convert its food into production ? 

2: a) What resources are defended by territorial adults and against whom ? 
b) Are local differences in the degree of territoriality adaptive ? 
c) Are the costs of territory defence outweighed by the benefits ? 

3: a) What explains the occurrence of small, sexuaUy inactive males, th at seem to 
have changed sex too early ? 

b) Are local differences in female : male ratios adaptive ? 

Chapter ·2 gives a detailed description of the social and mating system of S. viride at our 
main study site. Comparison of territorial and (non-territorial) group adults revealed some 
clear differences with respect to: 
a) group composition: territorial fish are organized in one-male groups (I d' + 1-13 !f ' s), 

group fish in multi-maJe groups (~14 d" s + ~30 !f' s); 
b) use of space: territorial fish: are only found between 3 and 22 m depth, where they 

occupy larger, more exc1usive and stabIe home ranges than group fish, which 
mainly reside at depths <3 m; 

c) size composition: a relatively large proportion of small adults among group fish; 
d) sexual activity: occurs every morning between 7:00 and 9:30 h inside territories (with 

no c1ear lunar or seasonal periodicity) where the male mates with his female group 
members; virtually no spawning activity of group males; group females spawn only 
in deeper parts of the reef, often with neighbouring territorial males. 

Territorial fish were found to constitute less than 20% of the adult population, while they 
controlled up to 77% of the inhabitable reef. As aresuIt they have access to higher-yield 
food patches and to suitable mating sites. The relative importance of food, shelter, mates 
and mating sites as defended resources are discussed, as weil as some life history 
implications. Food and mating sites are argued to play a major role in the social 
organization of S. viride. 

Chapter 3 addresses the question which resources are actually defended by 
territorial S. viride and against whom. Defensive behaviour of territorial S. viride proved to 
be exc1usively directed against conspecific adults . Comparison of the vertical distribution 
of all macro-herbivores at the main study site showed a high degree of spatial overlap 
between S. viride and many other herbivores. Analysis of the substrate use and preferences 
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of the five most common scarids residing inside a single S. viride territory yielded no 
evidence of food partitioning. Factors, suggested to explain the lack of territorial behaviour 
against heterospecific grazers, are: an inability to economically defend food against all 
potential competitors, fine-scale resource partitioning, and shared costs of defence. 

Local variability is the main theme of chapter 4. Population size and structure and 
the mating system of S. viride at our main study site (Karpata) was compared with that at 
two other Bonaire locations, which showed obvious differences in wave exposure, current 
regime, and general reef structure. Major differences are the high abundance of juveniles 
and group males at one site (Playa Frans) and the complete absence of group fish at 
another (Red Slave), coinciding with a gradient in population density, total herbivore 
density, scarid grazing pressure, and reproductive output (all highest at Playa Frans and 
lowest at Red Slave). The local differences in degree of territoriality meet with the 
theoretical prediction that economie defendabilty is reduced at higher competitor densities. 
Furthermore, the high male : female ratio at Playa Frans, indicating a high proportion of 
early sex changers, fits the theoretical prediction that early sex change is promoted by 
higher future rewards (higher spawning frequencies of territorial males at Playa Frans) and 
by reduced costs incurred during the sexually inactive phase (more spawning opportunities 
for group males at Playa Frans). These findings strongly suggest that the differences are 
adaptive. Given the small spatial scale and the highly dispersive larval stage, it is argued 
that S. viride shows a high degree of phenotypic plasticity in behavioural and life history 
traits. Another outcome of this comparative study is that the S. viride populations do not 
appear to be totally controlled by stochastic processes, as opposed to what has been 
suggested for many other coral reef fish. 

Chapter 5 is a methodological paper, describing a method to measure the length of 
free-swimming fish using stereo-photography. We needed this method to measure the 
growth of territorial males, which easily loose their territory following capture and release. 
The accuracy of the method was tested by comparing estimated lengths with the actual 
length of a) a 20 x 30 cm slate, and b) fish of known size. By applying a simple 
correction method, the accuracy of slate measurements proved to be as high as ± 3%. 
However, the accuracy for free-swimming fish was only ± 2.5 cm (7-11 % of fish length) . 
The main souree of error in the measurements of fish, was the difficulty to recognize 
exactly the same points on the fish' body on the two exposures of a stereo pair. However, 
the accuracy of fish measurements could be improved to ± 1 cm (2.7-4.5%) by averaging 
three or more repeated measurents. Therefore, we recommend that, when measuring free
swimming fish, effort should be aimed at increasing sample size, rather than improving 
equipment and correction procedures. 

The condition of different life phases and social categories of S. viride from 
different parts of the reef and in different seasons are compared in chapter 6, To this end, 
we used analysis of covariance to test differences in weight, corrected for length 
differences, which is statistically more appropriate than the usual comparison of condition 
factors. Territorial males were found to show the poorest and group males the best 
condition, (group and territorial) females taking an intermediate position. All fish showed 
minimum condition between May and July, the season with longest day lengths and 
increasing water temperatures. By relating these differences to known differences in food 
supply, behaviour, and sexual activity, it is inferred that: a) territorial life is metabolically 
expensive for males but much less so for females, b) the lower condition of females 
compared to group males reflects their higher investment in gamete production, c) 
differences in food supply are outweighed by differences in behaviour' and sexual activity, 
and d) the higher energetic demands due to increased day length in the early summer are 
not completely compensated by increased food intake. 
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Behavioural Energetics of Sparisoma viride 

By a combination of mark-recapture procedures and repeated stereographic length 

measurements, the natural growth of S. viride was studied, as described in chapter 7 . 
Corrected for size differences, juveniles proved to grow at the highest rates, closely 
followed by group males, while (both group and territoria!) females and territoria! males 
showed poorest growth. Growth rate of territoria! males was inversely related to their 
average spawning rate. All adults attained the highest growth rates between August and 
October, the season with highest water temperature. Combined with known rates of food 
intake and absorption and with measurements of the biochemica! composition of fish, gross 
growth efficiencies could be caJculated. Highest efficiency was attained by juveniles, 
followed successively by 20 cm females, 40 cm group males, 30 cm females, and 40 cm 
territorial males. Protein conversion proved to be considerably more efficient (0.12-56.0% 
of intake) than that of energy (0.01 -7.89%) and ash free dry mass (0.01-6.25%). The 
results are discussed in relation to trophodynamics, social organization, and life history 
tactics. Compared to other reef fish and taking into account the poor quality of their diet, 
smaller S. viride females and group males appear to grow remarkably fast. However, 
growth efficiencies are not higher than usual, which suggests that the growth rates can be 
explained by a strictly a!gal diet. As for condition, differences between group and 
territorial males and fema!es can be ascribed to differences in behaviour and reproductive 
investment, which outweigh the spatial differences in food supply. Temperature is the most 
probable factor causing the fast growth in late summer. The fast growth of group males is 
argued to be the most direct evidence for a trade-off between growth and reproduction. We 
show that this has important life history implications. The data strongly suggest that small 
group males may followan alternative Iife history tactic, sacrificing current reproductive 
success for better future prospects. 

Definite proof of this hypothesis requires insight into size- and ph ase- specific 
mortality, sex change, and territory acquisition rates, estimates of which are presented in 
chapter- 8. These are based on an analysis of repeated visual censuses of the different size 
classes of all S. viride categories and their known growth rates. The reliability of the 
estimates proved to be quite reasonable, as inferred from a comparison of predicted and 
actually observed numbers of surviving territorial males, sex changing females, and 
territory take overs by group males during the 4 year period that many individuals were 
followed. However, relatively large mortality differences between the largest three size 
classes (>25 cm) are arguably unrealistic and a pooled estimate is presented instead. The 
life history implications of these estimates are investigated by comparing the predicted 
survival and future reproductive success of fish th at change sex at different sizes. Once a 
length of 20 cm is attained, 10% of the adults are predicted to reach an age of ca. 17 yr. 
The same expected reproductive output at an age of 15 yr (2500 matings) is predicted for 
20 cm fish that change sex at 20 cm or at a size >30 cm. Moreover, both strategies appear 
to yield the same reproductive output as predicted for an average fish that is subject to the 
estimated daily sex change and territory acquisition probabilities. Although tentative, these 
findings suggest that S. viride individuals are able to flexibly adjust the timing of sex 
change in an adaptive way to unpredictable local conditions. However, the model is shown 
to be very sensitive to small changes in mortality. Independent mortality estimates are 
therefore needed to corroborate our present findings . 

Chapter 9 is again a methodologicl paper, describing how we established an 
empirical relationship between respiration rate (R in mg O2 h' l) and ventilation frequency 
(VF in gill beats min' I). To that end, we simultaneously recorded spontaneous fluctuations 
in Rand VF in small flow-through respirometers. The average relationship that was found 
(R = 0.00035 x VF1.369 x Wl.ll 8

, with fish wet weight Win g) explained more than 93% of 
the variation in R (n = 380, P < .00 I). Furthermore, predictions of R from this relation 
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proved to be valid over the entire range of natural fluctuations in ambient oxygen 
concentration. There were some differences between the life phases and different 
individuals, but these were no larger than those between replicate measurements on the 
same individual. It is concluded that the relationship is quite robust and can be used to 
estimate the metabolic rate of undisturbed fish in their natural habitat. 

In chapter 10 such estimates are presented. Continuous records of the behaviour, 
bite rates, fin beat frequencies, and VF were obtained for free-swimming fish, using an 
underwater eventrecorder. These provided detailed insight into field metabolic rates in 
relation to behaviour, grazing activity, and swimming activity. Fin beat frequency was 
shown to reflect relative swimrning speed (measured in body lengths s" ) quite accurately, 
and could therefore be used as an estimate of swimming activity. Furthermore, we 
estimated gamete production using different methods (field collections of spawned eggs, 
stripping eggs from narcotized females, dissection of gonads). Combined with the known 
rates of food intake, absorption, and (somatic) growth, we were able to construct energy 
budgets for different size classes of group and territorial males and females. The budgets 
served two main goals: a) as a check of the reliability of all in- and output estimates, and 
b) to compare the energetics of group and territorial adults. The energy budgets turned out 
to be highly imbalanced (absorption a factor 1.2-6.2 higher than total expenditure, 
including a high estimate of nitrogenous loss), especially for smaller territorial fish. 
Comparison of our estimates of metabolic rate, growth, and gamete production with 
reported data for other fish showed no unexpected deviations and metebolic rates 
correlated weil with grazing and swimming activity. Critical reexamination of the food 
intake and absorption estimates showed that the energy yield per bite and absorption 
efficiency were the most probable sources of bias, whereas the estimates of total organic 
(and inorganic) material removed from the grazing substrates appeared to be reliable. 
Besides the large grazing impact and high somatic production of S. viride, its role as 
secondary producer is further emphasized by our estimate of female egg production which 
is as high as 50% of the total daily energy expenditure of a 30 cm fish (i.e. 30 x the 
somatic production). Furthermore, our findings indicate another major role of S. viride, 
previously not recognized. We suggest it forms an important trophic link between grazing
resistent primary producers (especially endolithic and crustose coralline algae) and 
microherbivores andJor the detritus-based food web. This is due to its 'sloppy' feeding 
mode and low energy assimilation efficiency. Comparison of respiration rates showed that 
territorial males live at clearly elevated metabolic rates [daytime averages for 30 cm (=-
547 g) fish: territorial male: 651-684 mW, group male: 612-620 mW, territorial female: 
583-589 mW, group female: 620-643 mW]. This can be large1y ascribed to increased 
swimming activity that appears to be related to 'preventive' territory defense. The high 
cost of living, combined with a reduced foraging effort, explains the po or growth and 
condition of territorial males. Their increased access to high-yield food patches is proposed 
to be a prerequisite, without which territories are no longer economically defendable. The 
lower degree of territoriality, found at a nearby reef with higher population density, seems 
to confirm this proposition. Territorial females also have access to the high-yield food 
patches but show lower metabolic rates than group fish and invest no energy in territory 
defense. We conclude that the major benefit of territorial life is different for the two sexes. 
Whereas the access to mates and mating sites, guaranteeing high spawning rates, is the 
major benefit to males, territorial life can be viewed as an energy saving feeding strategy 
for females. However, more data on growth and fecundity of females are needed to find 
out whether territorial females actually convert their energetic advantage into an increased 
egg production or growth. 

Our general discussion in chapter 11 is divided in two parts, a trophodynamic and 
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Behavioural Energetlcs of Sparisoma viride 

a behavioural section. In the first part, all quantitative estimates of fish biomass, 
respiration, growth, gamete production, and food intake are converted to ash free dry mass 
(AFDM) , energy, and protein units, and are extrapolated to the population level. A first 
indication of the important trophodynamic role of S. viride in our study area is its high 
biomass (152 kg ha-I), representing 32% of total scarid and 22% of total macro-herbivore 
biomass. Total annual somatic production is estimated at 57 kg ha-I y(l, i.e. 37% of the 
total biomass. Our best estimate of total daily gamete production yields a value of 1232 kj 
ha-I d-I, which is almost twice the energy equivalent of the total daily somatic production. 
The energy lost in metabolism is estimated at 8119-8950 kj ha-I d-I, which is a factor 5-12 
higher than their total (somatic + gamete) production. Nitrogen loss was not determined 
but, using the range reported in literature and accounting for the endogenous fraction that 
is al ready included in the respiratory loss, the extra loss due to exogenous excretion is 
estimated at 1363-9896 kj ha-I d- I, which is 17-111 % of the respiratory loss. Comparison 
of these estimates with the estimates of food intake and primary production, allowed the 
following conclusions to be drawn: 
1 a) S. viride can live on a strictly algal diet, i.e. its estimated total expenditure can be 

easily covered by its estimated total intake, which is based on algal components 
only. 

1 b) S. viride converts its ingested protein quite efficiently to production, i.e. at an 
efficiency that compares weil with that for other (camivorous plus herbivorous) 
fish. However, it 'wastes ' large amounts of AFDM and energy, either by sloppy 
feeding or as undigested faecal matter. An important implication is th at its role as 
trophic link between algae and microherbivores or the detritus-based food web may 
be even more important than its role as secondary producer. 

With respect to the questions regarding the territorial behaviour of adult S. viride, our 
data indicate that: 
2a) both high-yield food patches (as found by Bruggemann 1995) and suitable mating sites 

are the major resources, which are only defended against adult conspecifics; 
2b) the between-site differences in the proportion of territorial adults can be regarded 

adaptive, territories being no longer economically defendable at too high competitor 
density ; 

2c) territorial life is energetically expensive for males and is only partly compensated by 
their access to the high-yield food patches; the most important male benefit is their 
increased reproductive success; females on the contrary do not invest any energy in 
territory defence at all and their life inside a territory can be regarded as a energy
saving feeding strategy. 

The answers to the questions raised by the differences in the timing of the sex change 
are: 
3a) the small terminal phase group mal es at Karpata are not the result of an imprecise 

timing mechanism but represent fish that follow arewarding alternative life history 
tactic , sacrificing current reproductive success (as female) for better future prospeets 
(better chance to attain the territorial male status due to faster growth); 

3b) the relatively large number of group TP males at Playa Frans can be regarded as an 
adaptive response to the high local population density, resulting in relatively high 
spawning frequencies of territorial males and allowing group males to attain some 
spawning success as weIl. 

The variabIe behaviour of S. viride explains its variabIe social organization and Iife 
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history patterns, all of which must result from a high degree of phenotypic plasticity. 
Given its peJagic larval stage and the unpredictability of the environment, such flexibility 
appears to be highly adaptive. However, because most of our work was descriptive, based 
on field observations on unmanipulated fish, no definite concJusions can be drawn. More, 
particularly experimental work is needed before more definite concJusions can be drawn. 
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