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ABSTRACT. We examined the leaf age dependence, magnitude and variability of herbivore consump- 
tion of Posidonia oceanica (L.) Delile leaves in the Spanish Mediterranean Two patterns of herbivore 
consumption along the life-span of P. oceanica leaves were found, namely a linear and a parabolic 
curve of cumulative leaf consumption versus leaf age, which are indicative of leaf-age-independent 
consumption rates and preference for mid-aged leaves, respectively. The flsh Boops salpa contributed 
about 75% to the total herbivore consumption, and seemed to be responsible for the parabolic pattern 
of consumption with leaf age. Herbivory appeared to be a minor factor in the control of P. oceanica pro- 
duction since it only accounted, on the average, for about 2 %  of its leaf production. This percentage 
tends to increase in the northern populations of the Spanish Mediterranean as a result of the longer leaf 
life-span and associated higher cumulative consumption values, and the lower leaf production of these 
populations. It is concluded that, in spite of the low levels of herbivory on P oceanica in the Mediter- 
ranean, this seagrass supports a high herbivore production due to its large primary production. 
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INTRODUCTION 

The seagrass Posjdonia oceanica (L.)  Delile forms 
dense meadows along the Mediterranean coast (Peres 
1967, den Hartog 1970, Boudouresque et al. 1984), 
where it contributes most of that system's primary 
production (Ott 1980, Domenec Ros et al. 1985). Her- 
bivore consumption is believed to represent a minor 
fraction of P. oceanica production, which mostly 
enters the detritus food chain (Pergent et  al. 1994) or 
is buried into the sediment (Romero et  al. 1992). This 
contention relies, however, on a very few, local 
reports (Ott & Maurer 1977, Velimirov 1984) and is in 
contrast with reports of high consumption rates in 
some meadows of P. oceanica (Laborel-Dequen & 
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Laborel 1977, Kirkman & Young 1981, Nedelec e t  al. 
1981, Shepherd 1987) and observations of P, oceanica 
die-off durlng sea urchin outbreaks (Boudouresque 
1987). Hence, the magnitude and variability of herbi- 
vory on P. oceanica on a broader scale have remained 
to be tested. 

Consumption of even a small fraction of the large 
(500 to 3000 g DW m-2 yr-l) production of Posidonia 
oceanica could theoretically support a large biomass of 
herbivores and, thus, be important at the ecosystem 
level in terms of secondary production. Moreover, her- 
bivory could have important implications for the leaf 
production of P. oceanica, depending on whether it 
occurs regularly over all leaves on the shoot or prefer- 
entially on young leaves, since leaf nutrient content 
(Pirc 1985) and leaf contribution to the total shoot pri- 
mary production decrease with leaf age  (Ott 1980, Buia 
e t  al. 1992). Age-dependent patterns of leaf consump- 
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tion should vary with differences in the relative abun- 
dance of different herbivores, which differ in their 
feeding strategies (Boudouresque 1987). Hence her- 
bivory on young leaves should be more detrimental for 
P. oceanica production, as demonstrated for land 
plants (Schowalter et al. 1986). There is, therefore, a 
need to evaluate leaf age selectivity by the main herbi- 
vores of P. oceanica, to assess their potential effect on 
the production of P. oceanica leaves. 

Here we quantify, based on a comparative study of 25 
Posidonia oceanica populations along the Spanish 
Mediterranean, the magnitude and leaf-age-dependent 
patterns of herbivory on P. oceanica. We first examined 
the leaf age dependence of herbivore consumption, both 
by the entire herbivore community and by the 2 main 
herbivores (i.e. the fish Boops salpa and the sea urchin 
Paracentrotus Lividus; Boudouresque 1987), and then es- 
timated the magnitude and variability of herbivore con- 

sumption of P. oceanica leaves in the 
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Fig. I. Location of (A) the area studied in the Mediterranean Sea and (B) the 
meadows examined along the Spanish coast 

Spanish Mediterranean. 

METHODS 

We sampled 25 populations of Posido- 
nia oceanica, located in the northern (41 
to 43"N) and the southern (36 to 
38.30" N) ranges of the Spanish Mediter- 
ranean coast (Fig. 1). These populations 
encompass a broad range of conditions, 
from lush, highly productive meadows 
to severely disturbed populations (N. 
Marba, C. M. Duarte, J Cebrian, S. 
Enriquez, M. Gallegos, B. Olesen & K. 
Sand-Jensen 1995). The meadows were 
sampled at the depth of maximum den- 
sity, which ranged between 4 and 12 m. 
Fifty shoots of P. oceanica were collected 
from each population between June and 
July, the time of maximum biomass 
(Buia et al. 1992) and when the mean 
maximum leaf age is about 300 d 
(Cebrian et al. 1994), so that measure- 
ments of herbivory on those leaves rep- 
resent cumulative values at nearly 
annual time scales (Sand-Jensen et al. 
1994). 

For all the sampled shoots, we mea- 
sured the length, width and age rank of 
the leaves. On every leaf, herbivore con- 
sumption was quantified as the surface 
removed, as indicated by distinct scars 
left by herbivores when feeding on the 
leaves (Dirnberger & Kitting 1988, 
Ogden 1990, Cebrian et al. 1994, Sand- 
Jensen et al. 1994) Three species have 
been identif~ed as the main herbivores 
of Posidonia oceanica (Boudouresque et 
al. 1984): the fish Boops salpa, the sea 
urchin Paracentrotus lividus and the iso- 
pod Idotea basteri. Differences in their 
feeding mechanisms result in distinct 
scars left on the leaves upon which they 
feed (Boudouresque et al. 1984), so that 
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the consumption by each species can be quantified 
separately. Leaf surface was transformed to dry weight 
using the specific weight (i.e. g DW cm-2) of P. ocean- 
ica leaves measured in each population. 

The quantification of leaf consumption from the leaf 
marks left by herbivores may somewhat underestimate 
herbivory, for the tips of intensively grazed leaves are 
probably more susceptible to breakage by wave action 
(Verlaque 1987), with the surface removed by herbi- 
vores being then partially sampled. In order to reduce 
the effects of this drawback, we attempted to account 
for high leaf consumption by sampling an  elevated 
number of shoots per population (i.e. 50 shoots). More- 
over, examination of the average length of intact 
leaves in every population revealed that this length, for 
an equivalent age class, was not very different from 
that of the non-intact leaves either bitten by herbivores 
(recognisable marks on the leaf) or broken by wave 
action (sharp cut or torn edge on the leaf blade). This 
suggests that the loss of grazed tips by wave action 
does not occur frequently and, thus, underestimation 
of leaf consumption due to this loss probably had little 
effect on our results. 

The age  of the Posidonia oceanica leaves measured 
was estimated from the leaf age  rank and length, using 
an  interpolation technique (Erickson & Michellini 
1957, Cebrian et al. 1994). This technique, based on 
the plastochrone interval concept, uses a geometrical 
approach to obtain a continuous estimate of the age of 
the youngest leaf in a shoot. The ages of the rest of the 
leaves in the shoot can be directly derived by adding, 
respectively, their age ranks to the age of the youngest 
leaf in that shoot (Cebrian et al. 1994). The continuous 
leaf age  estimates are, however, in plastochrone inter- 
val units, and can be  converted into chronological ones 
(days) from knowledge of the seasonality in the 
chronological duration of the plastochrone interval 
(Cebrian et  al. 1994). 

The patterns of herbivore consumption along the 
life-span of the Posidonia oceanica leaves were 
described by examining the relationship between the 
leaf dry weight removed by herbivores and leaf age,  
using a model which relates the cumulative consump- 
tion (C', nig DW leaf-') to leaf age (T, days) (Jacobsen 
& Sand-Jensen 1995). This model assumes that the 
cumulative leaf consumption must be a function of leaf 
age  (i.e. time of exposure to herbivores) and selectivity 
by herbivores of a certain range of leaf ages. Provided 
there is no  leaf age  selectivity by herbivores, the cumu- 
lative leaf consumption should augment proportionally 
to leaf exposure to herbivores and,  hence, should show 
a linear response with leaf age. Leaf age  preference by 
herbivores should transform this linear trend into a 
parabolic one, showing a peak when herbivores select 
young leaves a s  a preference and a valley when they 

select old leaves. Thus, cumulative leaf consumption 
can be related to leaf age  by the equation: 

The equation was fitted using least-squares regression 
analysis (t-test, p < 0.05). A significant quadratic term 
(i.e. b,# 0) indicates a non-linear pattern of cumulative 
consumption with leaf age,  which may reflect either 
preference for young leaves (b2 c 0) or old leaves (b, > 
0). Non-significant quadratic terms (i.e. H,: b2 = 0, p > 
0.05) indicate populations experiencing constant con- 
sumption rates (b,) throughout the leaf life-span 
(Jacobsen & Sand-Jensen 1995). 

The leaf age  at  which herbivore consumption was 
initiated varied among populations, and thus the 
cumulative consumption curves were standardised in 
all the populations to the time of the onset of herbivory 
(m, in days), by rearranging Eq. (1) as: 

C = b, (T-  m)  + b2(T - m)' (2) 

Accurate estimation of the age  of Posidonia oceanica 
leaves by the interpolation technique requires knowl- 
edge of the seasonality in the chronological equiva- 
lence of the plastochrone interval (Cebridn et  al. 1994). 
The error associated with the seasonal estimates of this 
equivalence results in an  average value of k 3 0  d 
around the leaf age  estimates, which therefore sets a 
limit to the resolution of our leaf age estimates 
(Cebrian et a1 1994) Hence, the relationship between 
herbivore consumption and leaf age  was derived after 
averaging herbivore consumption over 30 d consecu- 
tive leaf age intervals. This also proved useful in 
reducing errors due  to the existence of intact and 
severely grazed leaves with similar ages. 

Both the leaf consumption rate and the total con- 
sumption supported over the leaf life-span can be  cal- 
culated from the leaf age  consumption curve, as de- 
scribed by Cebrian et  al. (1994). The leaf consumption 
rate is defined as the consumption of leaf surface by 
herbivores per unit time (pg DW leaf-' d-l). This value 
is estimated as the slope (b,)  of the linear relationship 
between cumulative leaf consun~ption and leaf age,  if 
there is 110 evidence of leaf-age-dependent herbivory 
(i.e. non-significant b, parameter in Eq .  2) ,  or as the 
average slope of the increasing portion of the parabolic 
pattern between cumulative consumption and leaf age 
otherwise. The total consumption supported by the 
leaves over their life-span (mg DW leaf-') is estimated 
a s  the maximal consumption value observed in the 
relationship between cumulative leaf consumption and 
leaf age  (Cebnan et  al. 1994, Jacobsen & Sand-Jensen 
1995). 

The preference for leaves of different ages by the 
main herbivores was examined after averaging the 
cumulative patterns of leaf consumption by individual 
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herbivores with leaf age  for all the Posidonia oceanica 
populations where the particular herbivore species 
contributed >10% of the total consumption. This crlte- 
rion was  established to ensure that there were enough 
scars from herbivory by the individual species to fit a 
significant pattern of cumulative consumption with 
leaf age  In each of the populations sampled. Cumula- 
tive herbivory and leaf age  (since the onset of her- 
bivory) at  each population considered, both for total 
and speciflc herbivory, were expressed as the percent- 
age  of the maximum leaf consumption and  leaf life- 
span,  respectively, to standardise the values. 

The estimate of total consumption over the leaf life- 
span allows calculation of the leaf production per shoot 
removed by herbivores (mg DW shoot-' yr-l), when 
multiplied by the average number of leaves produced 
annually per shoot (Sand-Jensen et al. 1994). The aver- 
age  number of leaves produced annually per shoot was 
calculated, following the methods outlined in Duarte et  
al. (19941, from the sequence of internodal length. The 
growth of vertical rhlzomes proceeds through the con- 
tinuous addition of internodes, the length of which 

shows a clear seasonality (Duarte et al. 1994). The 
average number of internodes in an  annual cycle of 
internodal length represents, therefore, the average 
number of leaves they produce per year (1 internode = 
1 leaf produced; Duarte et  al. 1994, Marba et al. un- 
publ.). The sequences necessary to identify these an- 
nual cycles were constructed by digitising, under a dls- 
secting microscope, the internodal lengths of 5 vertical 
shoots from each population. Leaf production per shoot 
(g  DW shoot-' yr-l) was calculated as the product of the 
mean annual number of leaves produced per shoot and 
the mean maximum biomass reached by a leaf over its 
life-span (Duarte et al. 1994, Gallegos et al. 1994). 

Patterns in the spatial variability of consumption of 
Posidonia oceanica leaves were examined by grouping 
the estimates of the populations within 1" latitude, and 
then estimating the variance at large (>l0 latitude) and 
local (< 1" latitude) scale using analysis of variance and 
Tukey multiple comparison tests. Pearson correlation 
coefficients (r) and least-squares linear regression 
analyses were used to describe the relationships 
between variables. 

Table 1. Adjusted squared regression coefficient (R2), time of the onset of herb~vory, linear ( b , )  a.nd quadratic (h2) coefficients of 
the consumption curve versus leaf age ,  and the maximum leaf consumption, consumed leaf production per shoot, percentage of 
leaf production consumed and percentage of consumption by Boops salpa in each of the populations examined. The adjust- 

ment of the consumption curve to our data was highly significant in all the populations (p < 0.01) 

Populat~on R' Age at onset b, i SIZ h, t SE Maximum leaf Consumed leaf Percentage of Percentage of 
of herbivon. (pgDM1 leaf '  d-l) (pgDIV Imf-' d-'1 consumption production per shoot leaf product~on consumption bv 
[m, days) (mgDW leaf-') (myDW shoot-' yr.'] consumed ('!;S) B. salpa (';,,l 

Jonquet 0.97 90 20.1 * 1.2 - 4.8 3 1.5 4.4 53.6 
Port Lligat 0.92 90 11.3 * 1.2 - 2.7 13.8 1.9 17 
Canyelles 0.96 210 34 * 3.3 5.1 31.7 2.3 17.9 
L'Escala 0.95 60 37.7 2 7 1 -0.09 + 0.06 3.9 31 8 1.7 87 
llles Medes 0.95 180 26.3 * 2 5 - 4.7 38 1 3.7 73.2 
Giverola 0.98 120 25 k 1.5 5.1 33.4 2.3 13.4 
Boadella 0.96 60 9.7 * 0.8 2.3 16.4 1.6 31.6 
St Fransesc 0.94 150 41.1 * 7.2 -0.14 * 0.04 3 27 4 1.9 60.7 
Les Platgetes 0.95 60 23.8 * 2.4 3.6 23 4 1.5 96 
L' Arena1 0.85 90 26.6 + 4.2 - 5.6 43.5 2.5 85.7 
L'Xlbir 0.92 90 11.2 * 1.6 1.8 12.3 1.5 82.8 
Els Estudiants 0.87 150 68.3 * 13.3 -0.22 + 0.07 5.6 46.2 2 100 
Punta Prima 0.89 60 66.3 + 10 -0.2 + 0.04 5.5 37.6 1.8 85.4 
Cap  Roig 0.73 60 11.7 * 2 5  - 2.8 21.8 1 90.1 
El Mojon 0.92 90 51.3 k 7.9 -0.21 k 0.05 3.1 20.7 1.9 72.7 
Bolnuevo 0.95 90 48.1 * 6.9 -0.18 + 0.04 2.3 23.4 1.3 90.1 
La Ahozia 0.75 90 7.7 * 1.7 - 1.6 1.2.8 1.7 4 8 
Calnegrc 0.93 90 17.9 * 1 9  - 3.8 28.2 1.7 79.8 
Cabo Cope 0.83 60 6.8 * 1.1 1.6 14 0.8 84 
Villaricos 0.92 120 9.1 * 0.9 2.2 20.2 0.9 97.5 
Aguamarga 0.97 90 33.2 + 3.5 -0.19 * 0.03 1.4 12 0.3 89.4 
Rodalqu~lar 0.88 90 66.7 * 13 1 -0.28 * 0 08 4 32.2 1 6  93.2 
Aguadulce 0.96 90 21.6 * 2.8 - 5 40.1 0.9 95.4 
Roquetes 0.85 60 6.2 2 0.8 1.6 13.6 1.4 38.2 
P. Encinas 0.95 150 14.9 * 1.7 1.8 13.5 0.9 21.1 

Mean 0 9 1 2 0 . 0 1  99 .6k8 .1  28.1k3.9 -0 .18+002  3 .420 .3  25.6 i 2.1 1 7 + 0.2 68 2 * 5.8 
Range 0.73 to 0.98 60 to 210 6.2 to 68.3 -0.09 to -0.28 1.4 to 5.6 12 to 46.2 0.3 to 4.4 13.4 to 100 
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RESULTS 

Cumulative leaf consumption increased linearly with 
leaf age  for most (70%) of the populations (Table 1, 
Fig. 2), indicating a constant rate of leaf consumption 
throughout the life-span of the leaves. The remaining 
populations (30%) showed a parabolic increase of 
cumulative leaf consumption with leaf age,  indicative 
of selective herbivory on mid-aged (100 to 200 d )  
leaves in these meadows (Sand-Jensen et  al. 1994, 
Jacobsen & Sand-Jensen 1995). In most of the popula- 
tions (80%) herbivory on leaves was initiated once 
these reached about 60 to 120 d (Table l ) ,  and 
emerged from the protection offered by older leaves to 
either side of them. 

The leaf consumption rate and the total consumption 
over the life-span of the leaves ranged, respectively, 
about 10- and 5-fold among populations (Table 1). Pop- 
u la t ion~ with leaf-age-dependent herbivory (i.e. a par- 
abolic increase of cumulative leaf consumption with 
leaf age) exhibited higher leaf consumption rates 
(ANOVA, p < 0.01). This difference did not result, how- 
ever, in significant differences in the total amount of 
leaf material consumed over the life-span of leaves 
between the 2 patterns of cumulative leaf consumption 
with leaf age  (ANOVA, p = 0.42). 

Boops salpa contributed up to about 2/3 of the total 
consumption in most (70%) of the populations exam- 
ined (Table l ) ,  and was responsible, on the average, 
for about 68.2 2 5.8% of the herbivory, compared to 

30 * 6 %  for Paracentrotus lividus. Grazing by Idotea 
basteri always represented a minor fraction ( ~ 5 % )  of 
the herbivory. Examination of the consumption pattern 
of B. salpa revealed a preference for mid-aged leaves 
(Fig. 3).  Conversely, the consumption pattern of the sea 
urchin P. lividus is associated with a uniform consump- 
tion rate throughout the life-span of the Posidonia 
oceanica leaves (Fig 3). 

Leaf production per shoot consumed by herbivores 
varied about 4-fold among populations, ranging from 
12 to 46.2 mg  DW shoot-' yr-' (average t SE = 25.6 * 
2.1 mg DW shoot-' yr-'; Table 1). These values repre- 
sent, on the average, about 1.7 * 0.2% of the leaf pro- 
duction per shoot (Table 1). Differences in both the 
absolute and relative amount of leaf production con- 
sumed were independent of differences in seagrass 
quality and vigour among populations, indicated 
respectively by nutrient concentrations in the leaf tis- 
sue and leaf production per shoot (Irl < 0.25, p > 0.1  for 
all the Pearson correlation coefficients; data for nutri- 
ent  concentration from Marba et  al. unpubl.). 

Most of the variation in the magnitude of leaf pro- 
duction per shoot consumed by herbivores occurred 
at  spatial scales less than 1" latitude (ANOVA, Fig. 4). 
In contrast, there were significant (ANOVA, p < 0.05), 
large-scale differences (> 1" latitude) in the percentage 
of leaf production per shoot consumed by herbivores, 
the populations in the northern (42 to 43ON) range sup- 
porting a higher relative herbivory than the southern 
populations (p < 0.05; Fig. 4). The reasons for this may 

Populations nith leaf-age-independent herbivory Populations with leaf-age-dependent herbivory 

I 'crc~r~ta~e  o l  m.i \ i~~ium leaf age 
c~r~cc. onset ol'herh~bory ( 7 ~ )  

Percentage of maximum leaf age 
since onset of herbivory (%) 

Fig. 2. Posjdonja oceanica. Patterns of leaf consumption by the entire herbivore community over the life-span of seagrass leavcs. 
Plots show, respectively, average l ~ n e a r  (resulting from averaging all the populations with only significant linear coefficients, 
i.e. b,; see Table l )  and parabol~c (resulting from averaging all the populations w ~ t h  both signif~cant linear and quadratic coeffi- 
cients, i.e. b, and b,; see  Table 1) curves of leaf consumption versus leaf age of the P. oceanlca meadows examined, after stan- 
dardizing leaf consumption and age (since onset of herbivory) to 0-100% of thelr maximum values in each population. 

Bars represent SE 
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Pattern of leaf consumption by 8. .*a Pattern of leaf consumption by P. lividus 

Percentage of maximum leaf age 
since onsel of herbivory (9%) 

Percentage of maximum leaf age 
since onset of herbivory (%)  

Fig. 3. Patterns of leaf consumption by Boops salpa and by Paracentrotus lividus over the life-span of Posidonia oceanica leaves. 
Bars represent SE 

partially be (1) the longer leaf life-span of the northern 
populations (Marba et al. unpubl.), which increases the 
time leaf tissue is exposed to herbivores and, thus, 
leads to higher levels of consumed leaf production (r = 

0.40, p i 0.05), along with (2) a greater tendency 
toward lower values of leaf production per shoot in the 
northern (42 to 43ON, average + SE = 1.2 + 0.2 g DW 
shoot-' yr-') than in the southern populations (36 to 
39" N, average k SE = 1.7 + 0.3 g DW shoot-' yr-l). 

The contribution by Boops salpa to the total con- 
sumption tended to increase with leaf production per 

shoot (r = 0.62, p c 0.05), representing more than 95% 
of the total consumption in populatjons where leaf pro- 
duction per shoot was higher than 2 g DW shoot-' yr-'. 
The contribution by B. salpa to the total consumption 
varied significantly at spatial scales > l 0  latitude 
(ANOVA, p c 0.05; Fig. 4 ) .  The populations located 
between 37 and 39"N tended to support higher relative 
consumption rates by B. salpa than the populations 
between 41  and 42"N (p c 0.1; Fig. 4), according to the 
tendency for a higher leaf production per shoot in the 
populations within 37 to 39"N. 

I Consumed l e d  production 
(mg D.W. shoot"y-') B Percenlage of leaf production 

consumed (%) 
4 2 .  

1 8 2 .o 
4 

S 

38 . 

Percentage of leaf comumplion 
by B. &a (%l 

42 - 0 20 
0 40 

-0 60 

40 - 
0 80 

0 I 

.;Z 
/ 
I 

4 2 0 2 4 4 2 0 2 4 4 2 0 2 4 

Longitude 

Fig. 4 .  Spatial variability of the consumed leaf production per shoot, the percentage of leaf production consumed and the per- 
centage of leaf consumption by Boops salpa in the area studled 
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DISCUSSION 

The differences found between the consumption 
patterns by Boops salpa and Paracentrotus lividus over 
the life-span of the Posidonia oceanica leaves are con- 
sistent with their respective feeding behaviours. In situ 
observations of B. salpa feeding on P. oceanica 
(Velimirov 1984) and experiments on its feeding pref- 
erence (Verlaque 1985) suggest that it preferentially 
consumes the intermediate (i.e. mid-aged) leaves on 
the shoot. In contrast, P. lividus attacks the leaves that 
are trapped by its spines during leaf flapping (Ver- 
laque 1987), which should lead to a uniform pattern of 
leaf consumption with time of leaf exposure. Hence, B. 
salpa appears to be a selective herbivore, both because 
of its preference for mid-aged leaves (Fig. 3) and 
because it appears to select productive meadows. 

The selection of mid-aged leaves by Boops salpa 
may be partially explained by the nutritional quality of 
the epiphytes these leaves support, which account for 
25% of the B. salpa diet (Verlaque 1985, 1990). In 
spring, the epiphyte community on mid-aged leaves is 
dominated by gelatinous algae, which are very palat- 
able to herbivores (Thayer et al. 1984), with a very 
small contribution of encrusting, less easily digestible 
algae (J. Cebrian, S. Ennquez, M. Fortes, N. Agawin, 
J. Vermaat & C. M. Duarte unpubl.). The contribution 
of encrusting algae to the total epiphyte biomass 
increases with leaf age, to reach a value of about 80 % 
of the total epiphyte biomass on the oldest leaves 
(Cebrian et al. unpubl.), that would then be avoided by 
B. salpa. In addition, mid-aged leaves are the longest 
ones at the time of sampling (Ott 1980) and are, there- 
fore, most easily accessible to B. salpa, which could 
also account for the selection of these leaves by B. 
salpa. 

This study provides an assessment of the importance 
of herbivory as a loss factor of the production on Posi- 
donia oceanica at large spatial scales (the Spanish 
Mediterranean coast), and temporal scales close to 1 yr 
(the life-span of P. oceanica leaves). The range of our 
estimates of the percentage of P. oceanica leaf produc- 
tion consumed by herbivores (0.3 to 4.4 %) is compara- 
ble to the few previous reports obtained over compara- 
ble time scales [(i .e.  9% reported by Ott & Maurer 
(1977) and 2 O/O reported by Velimirov (1984)). Although 
there is evidence that herbivores may exert greater 
pressure on P. oceanica over restricted periods of time 
(Laborel-Dequen & Laborel 1977, Kirkman & Young 
1981. Nedelec et al. 1981, Shepherd 1987), the data 
available indicate that, in general, herbivory should be 
a minor loss factor of the annual production of this spe- 
cies. It is possible, however, that the total loss of mate- 
rial caused by herbivores is greater than that estimated 
here if ~ndirect losses, such as  the possible increase in 

the likelihood of breakage of partially consumed 
leaves, associated with herbivory were accounted for. 
At any rate, the flow of P oceanica carbon through 
herbivores is the smallest yet reported for a seagrass 
species. Available estimates indicate that herbivores 
consume, on average, 21.5 + 6.9% of seagrass leaf pro- 
duction (Cebrian & Duarte 1994), and occasionally up 
to 50% of their primary production (Greenway 1976, 
Valentine & Heck 1991, Klumpp et al. 1993). This pro- 
vides strong evidence for a negligible top-down con- 
trol of P. oceaniccl production, compared to the much 
greater influence of resource availability (Pergent et 
al. 1994, Alcoverro et al. 1995). Moreover, the fact that 
the herbivore pressure on P. oceanica leaf production 
is independent of the seagrass leaf nutrient content 
points to the minor significance of the seagrass as a 
food source for herbivores and suggests they prefer 
other primary producers within the meadows, such as  
macro- or epiphytic algae. 

The high leaf production reached by Posidonia ocean- 
ica, which may exceed 3000 g DW m-2 yr-' (Ott 1980), 
implies that even low percentages of P. oceanica leaf 
production consumed by herbivores should still allow 
considerable herbivore production. The mean shoot 
density for the studied zone was 706 * 84 shoots m-2 
(Marba et al. unpubl.), which, multiplied by the mean 
leaf production per shoot (1.7 r 0.1 g DW shoot-' yr-l), 
yields an average area1 leaf production value of about 
1200 g DW m-' yr-'. Considering the average contribu- 
tion of Boops salpa (65 %) and Paracentrotus lividus 
(30%) to the total consun~ption of P, oceanica, and 
assuming assimilation efficiencies of 18.3 (Velimirov 
1984) and 25% (Shepherd 1987) of the leaf material 
consumed, respectively, we estimated mean herbivore 
production to be about 2.7 g DW m-'yr-' for B. salpa and 
1.5 g DW m-2 yr-l for P. lividus in the P, oceanica mead- 
ows of the Spanish Mediterranean. Extrapolation of 
these estimates to the total cover of P. oceanica in the 
Spanish Mediterranean (about 3.1 X 103 km2; Mas et al. 
1993) allowed us to estimate the herbivore consumption 
of P. oceanica within the Spanish Mediterranean to 
amount to about 6.6 X 101° g DW yr-l, yielding a sec- 
ondary production of about 8 X 10' g DW yr-' for B. salpa 
and 4.5 X 109g DW yr-' for P. lividus. 

Our estimates of herbivore production in the Posido- 
nia oceanica meadows of the Spanish Mediterranean 
are similar to previous reports on the production of 
Boops salpa (2.5 g DW m-2 yr-l; Velimirov 1984) and 
somewhat lower than those on the production of Para- 
centrotus Jividus (6.6 g DW m-2 yr-l; Shepherd 1987) 
in P. oceanica meadows elsewhere. Yet, they are 
among the highest values of herbivore production in 
aquatic systems (Cyr & Pace 1993) even though they 
must somewhat underestimate herbivore production in 
P. oceanica meadows since macroalgae and epiphytes 
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significantly contribute to the B. salpa (up to 30%; Ver- 
laque 1985) and P. lividus (25 to 50%; Maggiore et al. 
1987) diets within these meadows. In any case, herbi- 
vore production in P. oceanica meadows appears to be 
much lower than that in tropical seagrass meadows, 
where it may range from 8.5 to 18.5 g DW m 2  y r l  for 
the bucktooth parrotfish Sparisoma radians (Green- 
way 1976, Thayer et al. 1984) and from 7.2 to 52.1 g 
DW m 2  y r  for some tropical sea urchins (Thayer et al. 
1984, Klumpp et al. 1993). These differences appear to 
be attributable to higher herbivore consumption rates 
(Thayer et al. 1984) and assimilation efficiencies 
(Klumpp et al. 1989) in tropical seagrass systems. In 
fact, tropical seagrass meadows are thought to support 
one of the most abundant herbivore populations of all 
marine systems (Kikuchi & Peres 1973, Ogden 1976, 
1980). 

The low fractional consumption of the primary pro- 
duction of Posidonia oceanica points to an important 
transfer of P. oceanica carbon via detrital food webs. In- 
deed, existing evaluations of P. oceanica carbon budgets 
identify litterfall as the dominant path of the fate of P. 
oceanica primary production, channelling, on average, 
70% of it (Ott & Maurer 1977, Pergent et al. 1994). The 
detrital flow of P oceanica primary production must 
have a strong bearing on the trophic flux within these 
seagrass meadows along with other food sources, such 
as epiphytes on the seagrass, which have been identified 
as being of major importance (Templado 1984, Zupi & 
Fresi 1984). We hypothesise that the detritivore cornrnu- 
nity maintained by the P. oceanica production and which 
is at  the base of the food web (Peres 1967, Zupi & Fresi 
1984) must have a considerable importance for the 
trophic role of the seagrass meadow, as has been shown 
for some tropical seagrass communities (Ogden 1980, 
Harrison 1989, Klumpp et al. 1989, 1993). 

In conclusion, herbivores consume about 2 % of Posi- 
donia oceanica leaf production in the Spanish Mechter- 
ranean, which is one of the lowest values yet reported 
for seagrass communities. Therefore, herbivory plays a 
minor role in the production ecology of P. oceanica, 
suggesting that other processes, such as resource limi- 
tation, must control it. However, because of the high 
leaf production reached by P. oceanica, even such a 
small percentage of consumed leaf production sup- 
ports a high herbivore production compared to most 
other ecosystems, except tropical seagrass meadows. 
Therefore, P. oceanica beds, although channelling 
most of the primary production through the detritivore 
foodweb, support a high production of herbivores in 
the Mediterranean. 
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