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Chapter 11 

General Discussion 

Trophodynamic role of Sparisoma viride on the reef of Bonaire 

So far, we have mainly presented separate estimates of growth, gamete production, and 
metabolic rates (chapters 7 and 10) for a limited number of size classes, expressed in wet 
mass or energy units, and with emphasis on the differences between life phases and social 
categories. Here, the ash free dry mass (AFDM) and protein equivalents wil\ also be 
presented and the data wil\ be extrapolated to the population level, taking into account the 
size and structure of the S. viride population at our main study site (Karpata, as described 
in chapter 2). Group and territorial females have been pooled into a single category, since 
no differences were found in growth, condition, fecundity, or spawning rates. All estimates 
are expressed in units per hectare (the main area of investigation measured 10940 m2

)1), 

and are based on average values obtained over the entire study period. Although it is 
tempting to extrapolate the data to the entire leeward reef of Bonaire (tot al area from 
shoreline to ca. lOm depth, including the reef of Klein Bonaire: 595 ha, van Duyl 1985) 
this is not recommended, given the high degree of local variability in population density 
and structure (chapter 4) and the likelihood th at growth and gamete production are equally 
variabie. 

Relative abundance 
With an average density of 292 adults ha-I, S. viride ranks as the third most numerous 
scarid at tne Karpata reef, with only slightly more adult Scarus taeniopteris and 1.9 times 
as many Sc. vetuia. It is however many times outnumbered by the much smaller 
damselfish and surgeonfish (see Fig. 7 in chapter 4). Taking into account the size 
composition of the population (Fig. 4B, chapter 2), the total S. viride stock represents a 
wet biomass2

) of 152 kg ha·l
• This is 32% of the total biomass of all resident scarids and 

22% of all macro-herbivores (scarids, acanthurids, herbivorous pomacentrids plus 
echinoids: 690 kg ha-I, Bruggemann et al. 1995). Only Sc. vetuia represents a larger 
biomass (37% of the total herbivore stock). 

Russ & StJohn (1988) present standing stock estimates of scarids (all species 
summed) for 3 heavily fished Philippine reefs that range from 34-92 kg ha· l

. Munro & 
Williams (1985) report total scarid stocks of 106-130 kg ha' l for central Great Barrier 
Reefs (GBR), where they comprised 19-21% of the biomass of the major herbivorous fish 
groups. Compared to these data, scarid biomass, especially that of S. viride and Sc. vetuia, 
is clearly very large at our study site. This might be related to the low fishing pressure on 
Bonaire. 

Although we have not determined the abundance of micro-herbivores (mainly 
amphipods, small gastropods, and some polychaetes), herbivorous Blenniidae, or crabs 
(genus Mithrax), their biomass will be comparatively low. Carpenter (1986) found the 
grazing impact of micro-herbivores on a St.Croix reef to be negligible, despite their large 
numbers in high algal biomass patches. However, on Davies Reef (Great Barrier Reef) up 
to 31 % of the net algal production inside territories of the herbivorous damselfish Stegastes 
apicalis was consumed by micro-herbivores (Klumpp & Polunin 1989). Evidently, no 
generalizations are possible, and the trophodynamic role of micro-herbivores and 
herbivorous blennies and crabs at the Karpata reef remains to be investigated. 

217 



General DIscussion 

Table I. Estimates of total standing stock, intake, and allocation of food components by the different 
life phases Ouveniles, initia I, and terminal phase fish) and social categories (group and territorial 
males) ol the Sparisoma viride population at the Karpata reel. AFDM: ash Iree dry mass. ~ 

Somatic production 
From the weight-growth parameters (TabIe 1 in chapter 7) the daily wet biomass 
production per size class, life phase, and social category could be calculated3l• Total annuaI 
production of our S. viride population amounts to 57 kg ha-I yr-I, yielding an average 
ProductionIBiomass (PIB) ratio of 0.37. However, there are large differences between the 
life phases and sociaI categories. Initial phase (lP) fish account for 49% of the production 
and for 47% of the biomass, group males (GTP) for 42% of Pand 46% of B, juveniles 
(JU) for 8.5% of Pand only 0.7% of B, and territorial males (TIP) for no more than 1.0% 
of Pand 5.9% of B. The corresponding PIB ratios are 4.34 (JU), 0.39 (IP), 0.33 (GTP), 
and 0.06 (TTP). Juvenile biomass and product ion are probably underestimated, since the 0-
2 cm JU were not accurately counted (as apparent from the low mortality estimate for 2-5 
cm JU, see Fig. 4 in chapter 8). However, this does not affect the PIB ratio and will have 
little effect on the total population estimates. 

Using two different approaches (PIB ratios assumed to equal those of other species, 
or based on estimates of natural mortality of medium-sized scarids) Russ & StJohn (1988) 
estimated the PIB ratio of Philippine scarids to fall in the range 0.6-1.6, which is below 
our estimate for JU but higher than the values for adult S. viride. Considering the heavy 
fishing pressure on the Philippine stocks, they can be expected to be dominated by 
relatively young/small fish (Russ 1991), growing at higher rates than old/large fi sh. 
Nevertheless, the total somatic production of our S. viride population is quite high 
compared to that of Philippine scarids, which together (the number of species involved is 
not mentioned) produce 35.6-76.4 kg ha-I y(1 (Russ & StJohn 1988). 

On a daily basis and converted to energy units, the somatic production amounts to 
624 kj ha-I d-I. The ash free dry mass (AFDM) and protein equivalents of somatic growth 
(caIculated from the biochemical composition shown in Fig. 4 of chapter 7) and of all 
following estimates are summarized in Table I. 

Gamete production 
Using our best estimate of daily egg production (50% of the energy content of the ovaries, 
see chapter 10) and assuming that males release 50% of the energy content of their testes 
per mating, total daily gamete production4l is estimated at 1232 kj ha -I d-I, 90% of which 
represents femaIe egg production (Tabie I). Egg production may be somewhat 
overestimated, because we assumed that all lP fish are sexuaIly active females. In reality, 
some of the group lP in the shallow reef will be fish with transitional gonads that are not 
reproductively active (colour transition starts only when gonad transformation is nearly 
completed, Cardwell 1989). 

Using the minimum estimates of gamete production presented in chapter 10 (per 
spawning: lP: 900 eggs, TP: 10% of the energy content of the testes), tot aI daily gamete 
production is estimated at 55 kj ha-I d-I, 56% of which is accounted for by females . 

In conclusion, the production of gametes (particularly eggs) yields a significant 
potential contribution to the total production of our S. viride population, equalling at least 
9% but more probably up to twice the somatic production. 

Respiration 
A low and high estimate of the total daily 'Ioss' in metabolism was calculated from the 
overall average ventilation rates and the minimum and maximum estimates for night 
metabolism (chapter 1O)5l. This yielded a value of 8119-8950 kj ha-I d-I, which is a factor 
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lrent 
arial JU lP GTP TTP Total 
~ (%Total) (%Total) (%Total) (%Total) (Absolute) 

Standing stock: 
nass wet mass 0.7% 47.1% 46.3% 5.9% 152.2 kg ha'! 
nual AFDM 0.7% 47.5% 45.9% 5.8% 26.7 kg ha'! 

rage Energy 0.7% 48.5% 45.0% 5.7% 612089 kJ ha'! 

the Protein 0.8% 47.6% 45.8% 5.8% 23.7 kg ha'! 

tion Daily food intake (Dl): 
li1es AFDM 1.4% 48.4% 43.2% 7.0% 3948 gha'! 
.0% Energy 1.3% 47.6% 44.0% 7.2% 79259 kJ ha" 
fP), Protein 1.8% 48.4% 42.8% 7.0% 362 g ha" 

e 0-
2-5 Daily growth: 

AFDM 8.5% 49.2% 41.4% 0.9% 27.2 g ha" d" 
lave Energy 8.4% 49.8% 41.0% 0.9% 624 kJ ha" d" 

Protein 9.1% 49.1% 40.8% 0.9% 24.4 g ha,l d' l 
;ies, 
}88) Daily gamete production (min-max): 

:low AFDM 0% 56.6-90.5% 23.8-5.2% 19.6-4.3% 2.0-45,5 g ha" 

:avy 
d'l 
'Energy 0% 56.2-90.3% 24.0-5.3% 19.8-4.4% 55-1232 kJ ha 

by I d'l 
fish. Protein 0% 56.6-90.5% 23.8-5.2% 19.6-4.3% 1.8-41.8 g ha" 
high d" 
d is 

Daily respiration (min-max): 

:s to AFDM 0.9-0.8% 52.8-52.3% 39.5-40.1% 6.9-6.8% 236.4-260.6 g 

Iwth 
ha" d'l 
Energy 8119-8950 kJ 

: all ha" d" 
Protein 76.6- 84.4 g 

ha" d" 

ries, Daily exogenous nitrogenous excretion (min-max): 
AFDM 1.8-1.4% 40.7-46,7% 49.9-44.7% 7.6-7.2% 43.6-316.7 g 

:stes ha" d" 
hich Energy 1363-9896 kJ 
.yhat ha" d" 
.1ity, Protein 8.7- 63.3 g ha" 

not d" 

:arly 
Total daily expenditure (DAb, min-max): 
AFDM 1.7-1.4% 50,8-52.1% 41.0-40.0% 6.5-6.5% 309.2-650.0 g 

(per ha" d'l 
nete Energy 1.5-1.3% 51.0-51.8% 40.9-40.3% 6.6-6.7% 10161-20703 

kJ ha" d" 

cant Protein 2.7-1.8% 51.1-57.7% 40.3-34.8% 5.8-5.8% 111.6-214.0 g 

least ha" d" 

DAb as % of DI (min-max): 
AFDM 9.1-15.6% 8.2-17.7% 7.4-15.2% 7.3-15.5% 7.8-16.5% 
Energy 14.5-25.8% 13.7-28.4% 11.9-23.9% 11.9-24.4% 12.8-26.1% 

the Protein 46.2-57.6% 32.6-70.5% 29.0-48.0% 25.6-48.5% 30.8-59.1% 

light 
lctor 
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General Discussion 

13.0-14.3 (kJ) higher than the somatic production. 

Nitrogenous excretion 
Because this component was not actually measured, the only way to determine its 
significance was to include a minimum and maximum estimate, based on the range that is 
usually found for fish (4-15% of total ingested energy, Jobling 1994). A complication is 
that the endogenous fraction (i.e. associated with protein catabolism) has already been 
accounted for as part of the respiratory loss (see note 5» . Therefore, this fraction of the 
minimum and maximum respiration estimates was subtracted from the total nitrogen IOSS6). 

This yielded an estimate of the exogenous fraction (i.e. surplus amino acids excreted 
directly upon ingestion, cf. Brett & Groves 1979) amounting to 1363-9896 kj ha-I d· l , 

which is 17-111 % of the tota] respiratory loss. 

Daily food intake 
Extrapolation of the food intake estimates presented in Table 7 of chapter 7 (which are 
based on data from Bruggemann et al. 1994a and b) to all size c1asses7), yielded estimates 
of the total daily intake by our S. viride population (DJ). These amount to 3948 g AFDM, 
79259 kj, and 362 g protein ha-I d·I. Summation of all expenditure components yields 
estimates of total daily absorption (DAb, i.e. DI - faecal loss), which amount to only 8-
17% (for AFDM), 13-26% (for energy), and 31-59% (for protein) of DI (Tabie I). The 
estimates of the loss in faeces (Bruggemann et al. 1994a) are far too low to explain the 
difference between DI and DAb. As suggested in chapter 10, an important potential source 
of error is the high inorganic carbon fraction of ingested material (up to 80% carbonate) 
and faeces (CaC03 fraction > 80%), which seriously complicates (stoichiometric) 
determination of the energy content. The present analysis shows that the budget is in deed 
better balanced for protein, quantification of which is much less hindered by CaC03• But 
even the protein budget indicates that the intake estimates are a factor 1.7-3.2 higher than 
the estimated protein requirements of the fish. 

Besides inevitable errors of measurement, the imbalance can partly be ascribed to 
' sloppy feeding' , resulting in a difference between the algal biomass removed from the 
substrate and the fraction that is actually ingested. Fish were regularly observed to spit out 
fragments that were apparently too large to be ground by the pharyngeal mill. Moreover, 
clouds of finer particles were frequently expelled from the gills. This spilled fraction could 
not be quantified. It was therefore not accounted for in the intake estimates, which were 
based on the amount of material removed from experimental substrate blocks (Bruggemann 
et al. 1994a). Furthermore, the production of faeces is estimated to be as high as 104 kg 
wet mass ha·1 d-I (i.e. 69% of the biomass of the entire population)8). As a result, a small 
error in the energy and nutrient content of the faeces will yield a large error in the estimate 
of absorption efficiency. 

Despite the imbalance, we can set the extreme Iimits to two important 
trophodynamic effects of the S. viride population. The DI estimates represent the maximum 
impact of S. viride on the algal vegetation, setting an upper limit to the amount of algal 
material that is scraped and excavated from the substrate. Secondly, our DAb estimates set 
a lower limit to the amount of energy and nutrients th at are actually processed, i.e. 
ingested and transformed before being released into the ecosystem. The difference (DI -
DAb) represents the maximum fraction of algal material that is mechanically but not 
biochemically altered. This fraction becomes directly available to ot her (smaller) herbivores 
or to the detritus-based food web, without the prior loss that i ~ associated with the 
conversion of food to somatic and reproductive growth. 

An indication of the significance of this fraction can be obtained from a comparison 
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Chapter 11 

of Dl and DAb relative to the organic matter that is represented by the S. viride stock 
(Tabie I). This shows that, on a daily basis, S. viride ingests an amount equivalent to 15% 
of its AFDM, 13% of its energy content, and only 1.5% of its nitrogen content. The 
corresponding values for DAb fall in the range 1.2-2.4 % (AFDM) , 1.7-3.4% (energy), and 
0.5-0.9% (protein). Jobling (1994) presents data on the food intake by brown trout (Salmo 
trutta, held at 15°C) that range from 4.3% for 300 g fish to 11.3% of the dry body mass 
for 5 g fish. Weatherley & Gill (1987) report comparabie data for large (20-110 cm) 
specimens of 6 camivorous freshwater species, which (averaged over a year) consumed 
0.5-0.9% of their body mass per day. This comparison shows that our DAb estimates and 
the Dl estimate for protein are within the expected range, whereas the daily intake of 
AFDM and kj by S. viride is much higher than expected. In other words, S. viride appears 
to retain its ingested protein much more efficiently than the non-protein (NP) fraction. 

The inefficient use of the NP fraction of its diet does not mean that the 
trophodynamic role of S. viride is less important than initially assumed. On the contrary, 
the grazing activity of (adult) S. viride (and other macro-herbivores) may welI be a 
prerequisite for the functioning of smalIer herbivores and the detritus-based food web. Due 
to its ability to harvest endolithic and crustose coralline algae (comprising 30-70% of total 
adult food intake, see Fig. 3 in Bruggemann et al. 1994a), S. viride makes (the unused 
fraction of) these algae available to smaller organisms that may otherwise have no access 
to these resources. 

Primary production 
Bruggemann et al. (1995) measured a mean annual primary production of the benthic algal 
vegetation of 17.2 kg C ha,l d' l in the shallow reef (2 m depth) at our study site. This can 
be converted9

) to 39.4 kg AFDM, 744.5 x 103 kj, and 4.2 kg protein ha" d'l. Unfortunately, 
no data for the deeper reef were obtainedlOl• However, the total food intake by alI macro
herbivores in the shalIow reef was actuaJly found to be very close to the (seasonal 
fluctuations in) primary production of the benthic algae (see Fig. 7 in Bruggemann et al. 
1995). Since grazing pressure (i.e. herbivore abundance relative to available grazing 
substrates, see chapter 3) is much lower in the deeper reef, as also reflected in the 
relatively high abundance of high algal biomass patches (Bruggemann et al. 1994b), it can 
be concluded that the algal production on the entire reef is enough to cover the total food 
intake by macro-herbivores. 

Conclusions 
The answer to the question whether S. viride can live on a strictly algal diet is yes. 
Although in the shallow reef the entire algal product ion is consumed by macro-herbivores, 
the intake of S. viride is stilI considerably higher than its metabolic demands (as reflected 
by the difference DAb - Dl for GTP, which mainly reside in the shalIow reef). Note that 
the intake estimates were based on the biochemical composition of 'clean' algal samples, 
i.e. af ter careful removement of alI other materiaL However, this does not mean that S. 
viride never ingests non-algal material. In fact, juveniles <10 cm were observed to feed on 
smalI invertebrates, and the occasional 'white spot' bites on live Montastrea annularis 
colonies may result in the actual intake of coral mucus (chapters 7 and 10, Bruggemann et 
al. 1994a and b) . However, our measurements do show that an animal supplement is not 
required to explain the observed rates of metabolism, growth, and gamete production of S. 
viride. 

The second question raised in the introduction, concemed the efficiency of food 
conversion into growth and gamete production, Relative to DAb, the average gross growth 
efficiency (equivalent to K2 in Table 2, chapter 7) of our population amounts to 4-9% for 
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General Discussion 

AFDM, 3-6% for energy, and 11-22% for protein. If our best estimate of gamete 
production is added, the conversion efficiency increases to 11 % (AFDM), 9% (energy), 
and 31 % (protein). Virtually all literature data refer to juvenile growth of non-tropical fish , 
fed artificial diets and kept in captivity. Straightforward comparison is therefore not 
possible. However, from the generalized energy budgets presented by Brett & Groves 
(1979), an average gross growth efficiency of 36% of DAb is obtained for camivorous fish 
and of 34% for herbivorous juveniles. Although S. viride juveniles grow at a comparabie 
efficiency (19-34% for energy, Table I), the reduced growth rate of adults is not 
compensated by the investment in gametes when expressed in kj. However, protein 
convers ion efficiency of females (40%) and group males (16%) compares quite well with 
the values reported for other fish (13-49%). 

Expressed as percentage of DI, food convers ion efficiency (growth and gamete 
production summed) appears to be quite low in our S. viride population: 1.8%, 2.3%, and 
18% for AFDM, energy, and protein, respectively (based on our best estimates of gamete 
production). The corresponding values reported by Brett & Groves (1979) range from 20% 
in herbivores to 29% in camivores for energy, and from 10-39% for protein (only values 
for non-herbivorous fish). 

It can be concluded that S. viride converts its absorbed protein reasonably 
efficiently, as opposed to the much less efficient convers ion of energy and AFDM. Since 
neither carbon nor solar energy are limited on coral reefs, there is no reason why carbon 
should be efficiently retained within the system. Considering further that the energy 
content of organic matter is largely determined by the carbon fraction (Gnaiger & 
Bitterlich 1984), which takes up as much as 41 % of algal AFDM, the low energy and 
AFDM conversion efficiencies are not really surprising. As percentage of Dl, the nitrogen 
conversion efficiency of S. viride, although better than that for the non-protein fraction , is 
still rather poor. This does not necessarily contradict the 'high retention' hypothesis. As 
argued above, the spilled and defecated material can be directly processed by micrograzers 
and/or microbial organisms, which may therefore play a more important role than generally 
assumed. 

Behavioural and life history patterns 

All main questions relating to territorial behaviour and early sex change in S. viride, have 
been explicitly addressed in one or more of the previous chapters. Therefore, I wiJl limit 
this part of the discussion to a synthesis of the major findings and unanswered questions. 

The territoria I behaviour of S. viride cannot be simply ascribed to the defence of 
a single resource. High yield food patches certainly play an important role, but only 
females may convert this food advantage into increased reproductive or somatic 
production. Territoria! males need the extra food to fuel their high swimming activity 
(chapter 10), as opposed to territorial females , which show relatively low metabolic rates 
and clearly do not spend much energy in defence. To understand the male tolerance of 
females, no female role as food finder is required (cf. Clifton 1991), since females offer 
the male a guaranteed number of daily spawnings. During the spawning period male 
defence is mainly aimed at maintaining exclusive access to his mates and mating site. For 
the rest of the day, food is the main defended resource. Two important questions remain 
unanswered: a) why S. viride territories are not defended against other scarids or macro
herbivores (economic constraints, fine scale niche partitioning, or chance recruitment?), and 
b) whether territorial females actually produce more eggs than group females of equal size 
(as predicted from their high food intake and low metabolic rate, with no indication of 
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Chapter 11 

faster growth). 
Social status and life history strategy are narrowly interwoven. Group male 

status is associated with low reproductive success and high growth rates, while the reverse 
is true for territorial males. Growth plays a major role in the life history of S. viride, and 
serves three important goals: a) escape from high predation pressure (an important cause of 
mortality, especially for juvenile fish; chapter 8, Doherty & Sale 1985, Shulman 1985, Sale 
& Ferrell 1988, Hixon 1991, Hixon & Beets 1993), b) obtaining higher fecundity (mainly 
valid for females, due to the disproportional increase in ovary mass with size; chapter 10, 
Koltes 1993), and c) attaining a size large enough to acquire territorial status and high 
reproductive success (chapters 2, 7, and 8). The plastic nature of growth (chapter 7) and 
the flexible timing of sex change (chapters 2, 8) , appear to provide a good basis for 
adaptive adjustments in response to a variabie and unpredictable environment. 

Modelling the expected future reproductive success of early and late sex changers 
was an enlightening exercise. The major outcome however, is the sensitivity of the model 
to variations in size-specific mortality rates . Corroboration of our present mortality 
estimates by an independent method is therefore badly needed. Likewise, an ultimate 
understanding also requires insight into the proximate mechanisms. "How the heck does an 
individual fish 'know' when to change sex?" may sound too anthropomorphic, but 
definitely is a fascinating question. 

Comparison of the density and structure of three local S. viride populations at the 
reef of Bonaire (chapter 4), confirms our presumption that individuals showastrong 
degree of phenotypic plasticity. As predicted by theory (see introduction) the degree of 
territoriality decreased with increasing population (i.e. competitor) density. The poor 
condition and high metabolic rate of territorial males at our main study site indicate that 
male territorial Iife is quite demanding. Given the higher population (and TP) density at 
another site, it is not surprising that territories are restricted to the deepest reef part at that 
site, where TP density was equal to that at Karpata. The comparison a1so confirms the 
close interdependency of social organization and life history patterns. At the high density 
site, group males attained relatively high spawning rates (reducing the costs incurred 
during the bachelor phase), while the rates of territorial males were also higher than at the 
other two sites (increasing future prospects). The larger proportion of (smalI) group males 
= early sex changers at this site, is therefore also conform the Iife history predictions. 
Given the small spatial scale at which these differences were observed «25 km, all sites 
being part of the same reef complex), the most probable explanation for the local 
adaptations is phenotypic plasticity in behavioural and Iife history traits. Finally, the 
findings of this comparative study suggest that the th ree populations show equilibrial 
properties (positive correIation between resource abundance, JU density, and adult density), 
indicating that they are not totally controlled by stochastic processes. 

A clear Iimitation of our study is the lack of experiments to test the hypotheses that 
were proposed to explain the development of territorial behaviour and the occurrence of 
early sex change. This limitation is a direct consequence of the priority that was given to 
the main objective, quantification of the energetics of a natural, undisturbed population of 
herbivorous fish . In fact, it can be viewed as the result of a trade-off between allocation of 
time and energy to trophodynamic versus behavioural topics. Most effort in the field was 
invested into trophodynamic aspects, which has resulted in a relatively complete picture. 
Most intellectual effort on the other hand, was invested in the attempt to understand the 
intriguing complexity displayed by this fascinating grazer. It has provided an extra 
dimension that runs through this thesis like a continuous thread. However, our work in this 
context has been largely explorative, raising more questions than giving answers. It is 
hoped that this will stimulate future research. 
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Notes 

1) All units of area refer to plane bottom area: following the average reef slope but not including 
surface enlargement due to rugosity; average reef area can be converted to horizontal 
units (sea surface area) by multiplication by 83/88 (horizontal distance from shore to 22 
m depth / di stance following the average reef slope, see Fig. 1 in chapter 3). 

2) Biomass per size class was calculated as the product of W mód and average density (TabIe 1, 
chapter 8), with W mid = 9.115 X 10.6 x FLmids.14 (for fish with empty guts, see chapter 6); 
FLmid is the average of the length at the lower and upper limit of the corresponding size 
class. 

3) Production per size class was calculated as the product of the specific growth rate (G) and the 
biomass of the corresponding size class, with G [= dW / (W x dt)] = (c2 x W gm.1I3) - Cl; W gm 

is the geometric mean of the predicted weight at the lower and upper FL limits; Cl and 
C2 are parameters from the von Bertalanffy weight-growth equations presented in Table 
1 of chapter 7. 

4) Daily egg production (in kJ d·l, per size class) was calculated as the equivalent of 50% of the 
energy content of the ovaries: N x Mov x 0.5 x 23.19 / 4.55, where N is the average 
density, wet ovary mass Mov = 3.178 X 1O.s x fish mass2

.
999

, 23.19 is the energy content 
(kJ g.1 dry mass), and 4.55 the Wet:Dry mass ratio of ovaries; Milt release per spawning 
was estimated as 50% of the energy content of the testes, yielding a daily production of: 
N x MT• l x Sp90 x 23.60 / 6.63, where MT• l = 8.5 X 10.6 x fish massl.303, and Sp90 is the 
average daily spawning rate. These values were converted to AFDM units by division by 
the energy content and multiplication by the organic fraction. Conversion to g protein 
assumed a protein content of 91.9% and fat content of 8.1%, as calculated from the 
energy content of stripped eggs (24.88 kJ g.1 egg AFDM) and the caloric values of 
protein (23.6 kJ g.l) and lipid (39.5 kJ g.I). All data from chapter 10. 

6) Oxygen uptake rates were estimated from ventilation frequencies using the relationship found 
in chapter 9. These were converted to energy equivalents using an oxycaloric coefficient 
of 13.6 kJ g.1 O2 (Brett & Groves 1979, Jobling 1994). This coefficient is based on a 
relative contribution of 67.5% lipids and 32.4% proteins as respiratory substrates. This 
allows conversion of the energy units (kJ) to AFDM and protein equivalents (given the 
caloric values of fat and protein mentioned above): 

g AFDM = kJ / [(0.324 x 23.6) + (0.676 x 39.5)], and 
g protein = 0.324 x gAFDM. 

6) Total nitrogenous loss (N-loss): 
a) in kJ: 4-15% of ingested energy = EN; 
b) in g N: NN = EN / [25 kJ g.1 excreted N]; 
c) in gAFDM: AFDMN = NN x 14 / 17.5 (molecule mass ratio of N to NH/NH4; assuming 

all excretion is in the form of ammonia/ammonium); 
d) in g protein: NN x 14/ 87.5 (molecule mass ratio of N to protein); 
All conversions based on data in Jobling (1994). 
Calculation endogenous fraction N End: 

NEnd = N-loss x (0.324 x 23.6) / [(0.324 x 23.6) + (0.676 x 39.5)] 
Calculation exogenous fraction N Ex.: 

NEx• = N-loss - NEnd• 

7) Because the food intake estimates of Bruggemann et al. (1994a) are only given in g AFDM 
and for four size classes, the corresponding intake in kJ and g protein for all counted 
size classes were calculated from the following data: 
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a) least squares regression of intake on fish weight yielded the relàtions: 
for the shallow reef: AFDM (g d·l) = 0.053 X WO·S7445 (r2 = 98.3%, n = 4) 
for the deeper reef: AFDM (g d·l) = 0.097 X WO·S2974 (r2 = 98.7%, n = 4) 
b) energy and protein content (g"1 AFDM) for the major vegetation types (TabIe 5 in 
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Chapter 11 

Bruggemann et al. 1994b) 
c) relative contribution of major vegetation types and low and high density substrate 

types to the diets of the 3 life phases in the two reef zones (Tables 3 and 4 in 
Bruggemann et al . 1994b) 

d) relative contribution of substrate bound algal fractions in the yield from bites on low 
and high density substrata in relation to flsh weight ( Fig. 3 in Bruggemann et 
al. 1994a). 

8) Since flsh begin the day with an empty gut (after excretion of the 'moming bolus') and on 
average start defecating ca. 2.5 h after sunrise (Fig. 3, chapter 10), gut tumover can be 
calculated from the ratio of the total daily number of bites (TabIe 13, chapter 10) and 
that taken between 6:00 and 8:30 h . This yields a daily tumover of 10-13, 9-12, and 8-9 
gut fillings for lP, GTP, and TTP respectively. The total wet mass of a gut filling Can be 
calculated from the weight difference between flsh with full and empty guts (chapter 6), 
and amounts to 6.5-8.2% of flsh body mass for lP, 4.2-5.5% for GTP, and 9.8-11.0% for 
TTP. Using the averages of these ranges and multiplying by the total biomass (TabIe 1), 
the total amount of matter that is daily defecated by adult S. viride is estimated at 60.6 
(lP) + 35.9 (GTP) + 7.9 (TTP) = 104.4 kg ha'! d·! . 

9) Production in kg C was converted to AFDM, energy, and protein equivalents using the data 
on the biochemical composition of the main food types (TabIe 5 in Bruggemann et al. 
1994b) and their relative abundance in the shallow reef (TabIe 7 in Bruggemann et al. 
1995). Since Table 5 does not give the carbon contents (%C) of the food types, these were 
calculated from their energy content (kJ/gAFDM) using the formula: 

%C = { [(1-0.06) x 11.48] + kJ/gAFDM } / 66.265, 
as derived from the relation established by Gnaiger & Bitterlich (1984) to determine 
calorie contents from organic carbon fractions . 

!O) Vooren (1981) measured the production of benthic algae from deeper reef zones at Curaçao 
(averaging 7.4 kg C ha'! at 25 m and 11.3 kg C ha'! at 10 m depth) but hls values refer 
to algae covered surfaces and he presents no estimates of actual bottom coverage. 
Extrapolation of hls data is therefore not feasible . 
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General Discussion 
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