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Abstract 

We assess the magnitude and variability of herbivory (i.e. leaf consumption and sloughing 
caused by herbivore bites) on the seagrass Cymodocea nodosa along the Spanish Mediterranean 
coast and test the hypothesis that this is higher in meadows growing in sheltered bays than in 
exposed, open zones. Total leaf loss by herbivores varied by about three orders of magnitude 
along the Spanish Mediterranean coast, from < 1 to 130 mg DW shoot- I yr- I. These differences 
were paralleled by a great variation in the fraction of leaf production lost by herbivores, which 
ranged from < I to about 50%. Most (75%) of the populations, however, supported modest losses 
of leaf production ( < 10%). A significant fraction (30%) of the variance in herbivory was 
explained by meadow exposure, the meadows growing in sheltered bays suffering about five times 
the losses encountered in open sites. These results suggest that the trophic importance of C. 
nodosa as a food resource for herbivores, and the role of herbivores on the control of the seagrass 
production, increases notably from exposed to sheltered meadows in the Spanish Mediterranean 
and point to the importance of considering the degree of exposure when addressing herbivory on 
other seagrass species. 
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1. Introduction 

Cymodocea nodosa (Ucria) Ascherson is a common (den Hartog, 1970) and highly 
productive seagrass (Peduzzi and Vukovic, 1990; Ten-ados and Ros, 1992; Ptrez and 
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Romero, 1994) in the Mediterranean Sea. The presence of many herbivore marks on its 
leaves suggests that C. no&~sa is an important food source for herbivores (Cebriin, pers. 
obs.), and points to herbivory as an important control of seagrass production (Thayer et 
al., 1984). However, the loss of C. nodr~su leaf production to herbivores has not been 

evaluated as yet. 
Seagrass meadows growing in sheltered bays and coastal lagoons provide habitat for 

spawning and juvenile growth (Costa and Bruxelas, 1989; Costa et al., 1994) and offer 
foraging areas for many adult fishes and birds (Valentine and Heck, 1991). As a 
consequence, seagrass meadows in protected sites tend to maintain more abundant fauna1 
communities, including higher numbers of herbivorous species, than those in exposed 
zones (Heck and Thoman, 1984; Orth et al., 1984; Costa et al., 1994). This suggests that 
seagrass meadows in enclosed, protected bays may support higher herbivory than those 
in exposed coastal zones and that habitat exposure may be a significant source of 
variability in herbivory on seagrasses. 

Here we examine the extent of herbivory on C. nodosu leaf production, both as 
consumption and sloughing following herbivore bites, along 20 coastal populations in 
the Spanish Mediterranean and test the hypothesis that C. nodosa populations growing in 
sheltered bays support greater herbivory than those in open coastal systems. 

2. Methods 

We sampled 20 C. nodosa populations along the Spanish Mediterranean coast (Fig. 1) 
in June and July when C. nodosa reaches its maximum biomass (Terrados and Ros, 
1992; P&ez and Romero, 1994; Marbh et al., 1996). The sites were classified as 
enclosed, sheltered bays or open, exposed areas (Fig. 1 Table 1). The sheltered bays 
sampled had a narrow connection with the open sea relative to their extent, had smaller 
fetchs than the open sites due to their restricted extension (Falquks, 1989), and exhibited 
much lower wave heights (25 cm on average; Terrados, 1986 Falqds, 1989) than the 
open sites (75 cm on average; Conde, 1991; CebiiLn et al., 1996a). The number of 
protected and exposed populations sampled, reflects the natural abundance of sheltered 
bays and open beaches along the area surveyed (Fig. 1). 

In every population we collected 50 shoots randomly distributed within the seagrass 
bed. The depth of sampling ranged from 50 cm, in the shallowest populations, to about 5 
m in the deepest ones. The shoots were dug out by hand and care was taken to extract 
intact, long pieces of vertical rhizome for estimation of the leaf formation rate (see 
below). We recorded the length, width, age rank and the number of marks left by 
herbivore bites (CebriBn et al., 1996b) of every leaf on the sampled shoots. Leaf nutrient 
(N, P) concentrations (% DW), as an estimator of the seagrass nutritional quality for 
herbivores (Thayer et al., 1984), were measured in duplicate subsamples of dried leaves 
using a Carlo-Erba autoanalyzer for nitrogen (N) concentrations, and a calorimetric 
method, following wet acid digestion, for phosphorus (P) concentrations (Koroleff, 
1983). 

C. nodma bears narrow leaves and only few marks remain apparent under intense 
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Fig. I (A) Location of the area studied in the Mediterranean Sea and (B) location of the sampled populations 

of C. nodosa along the Spanish coast. The sheltered bays have been amplified. 



T
ab

le
 

I 
T

he
 

ty
pe

 
of

 
lo

ca
tio

n 
(s

he
lte

re
d 

ba
y 

or
 o

pe
n 

si
te

).
 

th
e 

an
nu

al
 

le
af

 
pr

od
uc

tio
n 

pe
r 

sh
oo

t. 
th

e 
le

af
 

ni
tr

og
en

 
(N

) 
an

d 
ph

os
ph

or
us

 
(P

) 
co

nc
en

tr
at

io
ns

. 
th

e 
le

af
 

lo
ss

 p
er

 s
ho

ot
 

an
d 

th
e 

pe
rc

en
ta

ge
 

of
 

le
af

 
pr

od
uc

uo
n 

lo
st

 
by

 
he

rb
iv

or
y 

fo
r 

al
l 

th
e 

po
pu

la
tio

ns
 

ex
am

in
ed

 

P
op

ul
at

io
n 

T
yp

e 
L

ea
f 

pr
od

uc
tio

n 
N

 
P 

L
ea

f 
lo

ss
 b

y 
he

rb
iv

or
y 

Pe
rc

en
ta

ge
 

of
 l

ea
f 

5 
(m

g 
D

W
 s

ho
ot

-’
 

y-
‘)

 
(%

 
D

W
) 

(%
 

D
W

) 
(m

g 
D

W
sh

oo
t-

‘y
-l)

 
pr

od
uc

tio
n 

lo
st

 b
y 

2 

he
rb

iv
or

y 
s 1.

 
Jo

nq
ue

t 
ah

el
te

re
d 

ba
y 

95
.1

 
2.

65
 

0.
27

 
35

.6
 

37
.5

 
z>

 

A
m

pu
rie

s 
op

en
 

si
te

 
18

1.
1 

3.
16

 
0.

2 
I 

54
.3

 
3 

30
 

4 
E

l 
Fa

ng
ar

 
sh

el
te

re
d 

ba
y 

31
2.

9 
3.

13
 

0.
25

 
13

3 
42

.5
 

?-
 

E
l 

T
ra

bu
ca

do
r 

sh
el

te
re

d 
ba

y 
19

9.
2 

3.
01

 
0.

24
 

14
.3

 
7.

2 
i 

L
a 

Fo
ss

a 
op

en
 

si
te

 
87

.X
 

8.
8 

IO
 

h 
L’

 A
re

n
al

 
op

en
 

si
te

 
12

3.
9 

I .9
7 

0.
22

 
7 

5.
7 

B
 

L
’ 

O
lla

 
op

en
 

si
te

 
22

8.
4 

1.
45

 
0.

18
 

0.
3 

0.
 I 

i 
L

’A
lb

ir
 

op
en

 
si

te
 

13
6.

3 
2.

37
 

0.
09

 
0.

8 
0.

6 
? 

St
. 

Po
la

 
op

en
 

si
te

 
15

3.
3 

I .
7s

 
0.

11
 

0.
5 

0.
3 

tt 0 
Pu

nt
a 

Pr
im

a 
op

en
 

si
te

 
14

6.
6 

2.
05

 
0.

24
 

0.
5 

0.
3 

F
- 

E
l 

M
oj

6n
 

r?
 

op
en

 
si

te
 

22
6 

3 
0.

14
 

0.
9 

0.
4 

? 
M

ar
 

M
en

or
 

sh
el

te
re

d 
ba

y 
15

6.
6 

I .9
4 

0.
 I

5 
19

.1
 

12
.2

 
e tu

 
L

a 
A

zo
hi

a 
op

en
 

si
te

 
99

.7
 

1 .
x2

 
0.

13
 

13
.9

 
I4

 
a 

C
al

ne
gr

e 
op

en
 

si
te

 
32

3.
5 

2.
18

 
0.

20
 

50
 

15
.5

 
C

ab
o 

C
op

e 
op

en
 

si
te

 
92

.3
 

1.
88

 
0.

 I
7 

0.
6 

0.
6 

%
 

V
ill

ar
ic

oa
 

op
en

 
si

te
 

21
8.

6 
1.

73
 

1.
9 

0.
9 

2 

A
qu

a 
am

ar
ga

 
op

en
 

si
te

 
11

3.
6 

2.
08

 
0.

23
 

2.
1 

I .
Y

 
G

en
ov

es
es

 
op

en
 

si
te

 
13

5.
6 

2.
53

 
0.

18
 

2 
I .

5 
7 

R
od

al
qu

ila
r 

op
en

 
si

te
 

21
9.

3 
I .7

4 
0.

16
 

4.
8 

2.
2 

A
gu

ad
ul

ce
 

op
en

 
ri

te
 

97
.1

 
2.

54
 

0.
13

 
2.

3 
2.

4 

M
ea

n 
? 

S
E

 
16

7.
3-

tlh
.l 

2.
26

20
.1

2 
O

.lX
tO

.lZ
 

17
.6

27
.3

 
9.

31
-3

 



J. Cehricin et al. I J. Exp. Mar. Bid. Ed. 204’ (1996) 103-111 107 

herbivory (Laborel and Laborel-Dequen, 1977; Zieman et al., 1984). Moreover, 

sloughing of leaf apical portions after bites by herbivores may be an important loss 
factor (Zieman et al., 1979). Hence, herbivory was derived by comparing the leaf length 
increment with leaf age between intact and bitten leaves. To do so, we derived 
continuous values of leaf age using the procedure presented by Cebriin et al. (1994) and 
defined, for intact and bitten leaves respectively, the pattern of leaf growth with leaf age 
by plotting leaf length vs leaf age and depicting the LOWESS (robust locally weighted 
regression) smoothed trend (Cleveland, 1979). We then estimated the mean maximum 
leaf biomass reached by intact and bitten leaves as the plateau attained over the leaf 
life-span by their respective patterns of leaf growth with leaf age and after transforming 
leaf length to biomass from the specific weight and width of the leaves (g DW cm-‘). 
Bitten and intact leaves were supposed to have similar growth rates, as supported by 
experimental clipping of C. nodosa leaves (Cebrian et al., unpubl. obs.). 

If the mean maximum leaf biomass reached by intact leaves differed from that 
reached by bitten leaves (Student-t, P < 0.05; the variance of the mean maximum leaf 
biomass was estimated from the leaves having reached the plateau), we then derived the 
average maximum leaf loss (mg DW leaf-‘) as the product of this difference and the 
fraction of fully-grown (i.e. having reached the plateau) leaves that had been bitten. 
Conversely, provided there was no significant difference in the mean maximum leaf 
biomass between intact and bitten leaves (P > 0.0.5), herbivory was estimated by 
regressing leaf consumption, derived from the area covered by the leaf marks, on leaf 
age using least-square regression analyses (Jacobsen and Sand-Jensen, 1995; Cebrian et 
al., 1996b). In this case, we then estimated the average maximum leaf loss (mg DW 
leaf- ‘) as the maximum consumption value over the leaf life-span (Cebrian et al., 1994 
Cebrian et al., 1996b). 

The mean number of leaves produced annually per shoot (leaves shoot-’ y - ’ ) was 
derived, for each population, from determination of the mean number of nodes (i.e. one 
node corresponds to one leaf) produced per annual cycle of the internodal length 
sequence imprinted on the five oldest vertical shoots sampled in the population (Duarte 
et al., 1994). In turn, this estimate allowed us to derive (1) the mean chronological 
equivalence of the plastochrone interval (in days PI-‘, estimated as the inverse value of 
the mean number of leaves produced annually per shoot), required to derive the leaf age 
estimates (Cebrian et al., 1994) and (2) the mean leaf production per shoot and the mean 
leaf loss per shoot by herbivory (both in mg DW shoot- ’ y ’ ) when multiplied, 
respectively, by the mean maximum leaf biomass reached by the intact leaves and by the 
average maximum leaf loss (both in mg DW leaf-‘). Because C. nodosa growth is 
strongly seasonal (Perez and Romero, 1994; Marba et al., 1996) which must conse- 
quently be the case for herbivory on C. nodosa, the error made when extrapolating 
production and herbivory values recorded during the sampling period to the entire year 
must be low. 

Relationships between variables were described by the Pearson correlation coefficients 
(r) and least-squares linear regression analyses, after log-transforming the variables 
when necessary. ANOVA techniques were used to analyse the variability between the 
enclosed, protected and open, exposed populations. 
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3. Results 

Shoot leaf losses by herbivory varied by more than two orders of magnitude among 

populations, although most of the populations (80%) supported losses < 20 mg DW 

shoot-’ y-’ (Table I). The fractional leaf production removed by herbivores also varied 

greatly among populations but was modest ( < 5%) for most (55%) of the populations 

examined (Table 1). The mean leaf nutrient concentration of the C. nodosa populations 

sampled ranged from 1.5 to 3.2% of DW and from 0.09 to 0.27% of DW for nitrogen 

and phosphorus, respectively (Table 1). Herbivory, both as the absolute and proportional 

loss of leaf production, was correlated with both nitrogen (I. = 0.52 and 0.48, P < 0.05. 

respectively) and phosphorus (Y = 0.44 and 0.40, P < 
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in C. rzodosa leaves. Conversely, neither herbivory nor the nutrient leaf content were 
correlated with leaf production per shoot (P > 0.05). 

The great variability of herbivory on C. nodosa was partially attributable to the 

exposure (sheltered vs exposed) of the sites where the plants were growing (ANOVA, 
P < 0.05, 30% of the variance in herbivory explained), with the populations growing in 
sheltered bays supporting higher leaf losses by herbivory than those in open sites (Fig. 
2). Plants growing in sheltered sites also tended to have higher leaf nitrogen (ANOVA, 
P = 0.07) and phosphorus (ANOVA, P < 0.05) concentrations (Fig. 2). In fact, the 
association between herbivory and leaf nutrient contents was linked to meadow exposure 
(ANCOVA, P < 0.05 for the four relationships shown above). In addition, the popula- 
tions growing in sheltered bays had longer leaf life-spans (ANOVA, P < 0.05, Fig. 2), so 
that their leaves were exposed longer to herbivore attack. 

4. Discussion 

Our results are indicative of a significant role of C. nodosa leaves as a food source for 
herbivores in the Mediterranean littoral zone. The fraction of C. nodosa leaf production 
lost by herbivory (Table 1) is within the range of values for other seagrass species 
(l-50%, cf. Klumpp et al., 1993; Cebriin and Duarte, 1994). Given our estimate of 
mean leaf loss per shoot by herbivory (Table 1) and the mean shoot density of C. nodosu 
for some of the sampled populations (i.e. 16302402 shoots m-*; Marba et al., unpubl. 
obs.), we estimated the average area1 leaf loss by herbivory to be about 30 g DW 
rn-* y - ’ Considering that the sloughed portion of leaf biomass due to herbivore bites 

could account for an important fraction of this average total leaf loss, this value is 
comparable to the reported range of leaf consumption for other seagrass species (cf. 
Klumpp et al., 1993; Cebrian and Duarte, 1994). 

Nevertheless, we show that loss of C. nodosu leaf production by herbivory varies by 
more than two orders of magnitude in the Spanish Mediterranean, this variance being 
partially explained (30%) by the degree of meadow exposure (Fig. 2). These data 
strongly suggest that herbivore impact on C. nodosa leaf production depends on whether 
the meadow grows in a sheltered or an exposed site. In open coastal zones, the fractional 
loss of C. nodosu leaf production by herbivory (Table 1) is similar to the range of 
fractional consumption recorded for other temperate species (2-20%, Cebrian and 
Duarte, 1994). On the other hand, the fractional removal of C. nodosu leaf production by 
herbivores in sheltered bays (Table 1) is one of the highest reported to date, only 
comparable with the highest values registered in tropical seagrass meadows ( > 50% leaf 
production removed, Greenway, 1976; Keller, 1983; Valentine and Heck, 1991). 

The high variance in herbivory on C. nodosa along the Spanish Mediterranean seems 
to be a common trait in seagrass ecology (cf. Thayer et al., 1984; Klumpp et al., 1993; 
Cebrian et al., 1996b). This high variance has been partially attributed to changes in 
herbivore abundance as a consequence of the interaction among recruitment rates (Camp 
et al., 1973) predation effects (McClanahan et al., 1994) or overfishing (Klumpp et al., 
1993). The variation in herbivore biomass may also partially account for the much 
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greater (5fold, on average) herbivory on the C. nodosu populations growing in sheltered 
bays because seagrass meadows growing within these locations tend to support higher 
herbivore abundances than those inhabiting open, exposed sites (Costa and Bruxelas, 
1989; Costa et al., 1994). The higher leaf nutrient concentration and leaf life-span of the 
C. nodosa populations growing in sheltered bays (Fig. 2) which may respectively render 
the leaves more palatable for herbivores (Thayer et al., 1984) and longer exposed to 
them (Sand-Jensen et al., 1994), could also account for the higher herbivory on C. 
nodosa in sheltered bays than in open sites. 

In summary, we conclude that loss of C. nodosu leaf production by herbivory, albeit 
similar on average to many other seagrasses, varies greatly in the Spanish Mediterra- 
nean. A significant (30%) fraction of this variance is explained by meadow exposure 
(sheltered vs exposed sites). In sheltered meadows herbivores may remove up to 50% of 
the seagrass leaf production, which is among the highest values reported so far for 
seagrasses, compared with five times lower values, on average, in exposed meadows. 
Hence, our results indicate that both the trophic importance of C. nodosu as a food 
resource for herbivores and their role on the control of the seagrass production must be 
much greater in sheltered than in exposed meadows in the Spanish Mediterranean. The 
degree of exposure of seagrass populations, through changes in the associated herbivore 
biomass, may be also a significant factor accounting for the variability of herbivory on 
other seagrass species. 

Acknowledgements 

This study was funded by a grant from the Fundacion Ramon Areces to C.M.D. and 
by the Project AMB 93-0118 of the Spanish Commission of Science and Technology 
(CICYT). J. Cebrian was supported by a fellowship from the Commissio Inter- 
departamental de Recerca i Innovacio Tecnologica. We thank S. Enriquez, M. Gallegos 
and B. Olesen for field assistance, A. Gordoa, J. Terrados, E. Sala, J. Romero and J. 
Kenworthy for useful comments on the manuscript and the Direccio General de Parts of 
the Generalitat Valenciana for providing access to their facilities in Calp. 

References 

Camp, D., S. Cobb and J.F. van Breedveld, 1973. Overgrazing by seagrasses by a regular urchin, Lwrchimts 

variegatus. Bioscience, Vol. 23, pp. 37-38. 
Cebriiin, J. and C.M. Duarte, 1994. The dependence of herbivory on growth rate in natural plant communities. 

Funct. Ed., Vol. 8, pp. 518-525. 
Cebriin, J., N. Marbh and C.M. Duarte, 1994. Estimating leaf age of the seagrass Posidonia ocerrniccr (I,.) 

Delile using the plastochrone interval index. Aquut. Rot., Vol. 49, pp. 59-65. 

CebriBn, J., CM. Duarte and J. Pascual, 1996a. Marine climate in the Costa Brava (NW Mediterranean) 

littoral. Pub/. Espec~. Inst. Esp. Oceanogr., (in press) 

CebriBn, J., C.M. Duarte, N. Marbi, S. Enriquea, M. Gallegos and B. Olesen, 1996b. Herbivory on Posidonia 
oceanica (L.) Delile: magnitude and variability in the Spanish Mediterranean. Mar. Ed. Progr. Srr., Vol. 

130, pp. 147-15s. 

Cleveland, W.S., 1979. Robust locally welghted regression and smoothing scatterplots. J. Am. Stat. As.wc~..Vol. 
74, pp. 829-836. 



.I. Cebricin et al. I .I. Exp. Mar. Biol. Ecol. 204 (1996) 103-111 111 

Conde, J. (Editor), 1991. Boletin de Information Oceanografica. Serie A. Oleaje Escalar. Direction General de 

Puertos y Costas. Reigarte, Madrid. 8 volumes. 

Costa, M. and A. Bruxelas, 1989. The structure of fish communities in the Tagus Estuary, Portugal and its role 

as a nursery for commercial fish species. Sci. Mar., Vol. 53, pp. X-566. 

Costa, M., J. Costa, P Raposo and C. Assis, 1994. Do eel grass beds and salt marsh borders act as preferential 

nurseries and spawning grounds for fish? An example of the Mira estuary in Portugal. Ecol. Engin., Vol. 3, 

pp. 187-195. 

den Hartog, C., 1970. The seagrasses of the world. Verb. Ken. Ned. Akad. Wet. Afd. Natuurkd., Reeks 2, Vol. 

59, pp. I-275. 

Duarte, C.M., N. Marba, N. Agawin, J. Cebrian, S. Enriquez, M.D. Fortes, M.E. Gallegos, M. Merino, B. 

Olesen, K. Sand-Jensen, J. Uri and J. Vermaat, 1994. Reconstruction of seagrass dynamics: age 

determinations and associated tools for the seagrass ecologist. Mar. Ecol. Prog. .Ser.,Vol. 107, pp. 195-209. 

Falques, A., 1989. Formation de topografia ritmica en el delta de1 Ebro. Rev. de Geofisica, Vol. 45, pp. 

143-156. 

Greenway, M., 1976. The grazing of Thalassia testudinum in Kingston Harbour, Jamaica. Aquat. Bot., Vol. 2, 

pp. 117-126. 

Heck, K.L. and T.A. Thoman, 1984. The nursery role of seagrass meadows in the upper and lower reaches of 

Chesapeake Bay. Estuaries, Vol. 7, pp. 70-92. 

Jacobsen, D. and K. Sand-Jensen, 1995. Variability of invertebrate herbivory on the submerged macrophyte 

Potamogeton perfoliatus. Freshwar. Biol., Vol. 34, pp. 357-365. 

Keller. B.D., 1983. Coexistence of sea urchins in seagrass meadows: an experimental analysis of competition 

and predation. Ecology, Vol. 64, pp. 1581-1598. 

Klumpp, D.W., J.T. Salita-Espinosa and M. Fortes, 1993. Feeding ecology and trophic role of sea urchins in a 

tropical seagrass community. Aquat. Bat., Vol. 45, pp. 205-229. 

Koroleff, F., 1983. Determination of phosphorus. In, Methods of seuwater analysis, 2nd ed., edited by K. 

Grasshoff, M. Ehrhardt and K. Kremling, Verlag-Chemie, Niirnberg, pp. 125- 139. 

Laborel, J. and F. Laborel-Dequen, 1977. Broutage des posidonies a la plage du Sud. Trav. Sci. Part Nation. 

de Port-Cross, Vol. 3, pp. 213-214. 

Marba, N., J. Cebrian, S. Enriquez and C.M. Duatte, 1995. Growth patterns of western Mediterranean 

seagrasses: Species-specific responses to seasonal forcing. Mar. Ecol. Progr. Ser., Vol. 133, pp. 203-215. 

McClanahan, T., M. Nugues and S. Mwachireya, S., 1994. Fish and sea urchin herbivory and competition in 

Kenyan coral reef lagoons: the role of reef management. J. Exp. Mar. Biol. Ecol., Vol. 184, pp. 237-254. 

Orth, R.J., K.L. Heck, Jr. and J. van Montfrans, 1984. Fauna1 communities in seagrass beds: A review of the 

influence of plant structure and prey characteristics on predator-prey relationships. Estuaries, Vol. 7, pp. 

339-350. 

Peduzzi, P. and A. Vukovic, 1990. Primary production of Cymodocea nodosa in the Gulf of Trieste (Northern 

Adriatic Sea): a comparison of methods. Mar. Ecol. frog. Ser., Vol. 64, pp. 197-207. 

Perez, M. and J. Romero, 1994. Growth dynamics, production and nutrient status of the seagrass Cymodocea 

nodosa in a Mediterranean semi-estuarine environment. P.S.Z.N.I. Mar. Ecol., Vol. 15, pp. 51-64. 

Sand-Jensen, K., D. Jacobsen and C.M. Duarte, 1994. Invertebrate herbivory and resulting plant damage: 

Influence of plant turnover and leaf-age dependent grazing. Oikos, Vol. 69, pp. 545-549. 

Terrados, J., 1986. Pigmentos fotosinteticos y production primaria de las comunidades macrofitobenticas del 

Mar Menor, Murcia. Ms. Thesis. University of Murcia, pp. 135 

Terrados, J. and J.D. Ros, 1992. Growth and primary production of Cymodocea nodosa (Ucria) Ascherson in a 
Mediterranean coastal lagoon: the Mar Menor (SE Spain). Aquat. Eat., Vol. 43, pp. 63-74. 

Thayer, G.W., K.A. Bjomdal, J.C. Ogden, S.L. Willians and J.C. Zieman, 1984. Role of larger herbivores in 

seagrass communities. Estuaries, Vol. 7, pp. 35 I-376. 

Valentine, J. and K. Heck, 1991. The role of sea urchin grazing in regulating subtropical seagrass meadows: 

evidence from field manipulations in thenorthem Gulf of Mexico. J. Exp. Mar. Biol. Ecol., Vol. 154, pp. 
2155230. 

Zieman, J., G. Thayer, M. Robblee and R. Zieman, 1979. Production and export of seagrasses from a tropical 

bay. In, Ecological processes in coastal and marine systems, edited by R.J. Livingston, Plenum Press, New 

York, pp. 21-34. 

Zieman, J., C., R.L. Iverson and J.C. Ogden, 1984. Herbivory effects on Thalassia testudinum leaf growth and 

nitrogen content. Mar. Ecol. frog. Ser.,Vol. 15, pp. 151-158. 


