
Impact of Dugong grazitg and turtle croppitg
on tropical seagrass communities
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The impact of grazing by two megaherbivores, the Dugong Dugong dugon and the Green Turlle Chelonia mydas
on the community structure of intertidal seagrasses was investigated experimentally over two time frames (shorter-
term: 1-4 months; longer-term: 10 and 13 months), at three levels of grazing intensity ( leaf cropping, l ight grazing,
intensive grazing), at two seagrass meadows in tropical Queensland, Australia: (1) a mixed species bed of Zostera
capricorni, Halophila ovalis, Halodule uninervis, Cymodocea rotundata and Cymodocea serrulata, and (2) a monospecific
bed of Halodule uninervis. From the perspective of the megaherbivores, grazing improved the structure and dynamics
of the tropical seagrass communities by altering their biomass, volume of detritus, net aboveground biomass productivity
and the species composition of the mixed-species bed. Recovery from grazing disturbance occurred after several months
ro a year.
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INTRODUCTION
T
lN the t ropics and subtropics,  seagrasses
provide food for threatened megafauna: the
Green Tfrrtle Chelonia mldas (Garnett et al. l9B5;
Bjorndal  et  a l .  L99l ;  Read l99l ;  Brand 1995),
and three species of sirenians (sea cows): the
West Indian Manatee Trichechus manatus, the
West African Manatee Tiichechus senegalensis, and
the Dugong Dugong dugon (Marsh et al. 1982,
1999:  Revnolds and Odel l  1991).  Despi te the
sizes of  th . r .  - .guherbivores (adul t  Dugongs
350-400 kg;  Manatees 350- l  600 kg;  Green
Turtles 200 kg), Thayer et al. (1984) assumed
that their current densities are too low for
them to make significant impact on seagrass
communities. This assumption is unjustif ied in
areas where densities of Dugongs and Green
Turtles are high. For example, Preen (1992)
estimated that about 600 Dugongs consumed
28Vo of the total seagrass production in favoured
areas in Moreton Bay, Queensland, Australia.

Dugongs and Manatees graze destructively by
uprooting seagrasses when the rhizomes are
accessible (Marsh et al. 1982, 1999; Preen 1995;
Anderson 1998).  When the rh izomes are not
accessib le Dugongs and Manatees feed on
seagrasses by cropping their leaves (Anderson
l98l; Marsh et al. 1999), the mode of seagrass
feeding used routinely by Green Turtles
(Bjorndal  1980;  Lanyon et  a l .  1989).  These
modes of foraging can have important effects
on the strLlcture of seagrass communities. Green
Turtles in the Caribbean maintain "grazing
plots" wherein individuals regularly recrop
patches of seagrass for the younger leaf growth
(Bjorndal l9B0). The grazing disturbance created
by Dugongs may make individual seagrass
beds more desi rable as Dugong habi tats .  In

subtropical Moreton Bay the growth of Halophila
oualis, a species preferred by Dugongs, is
promoted while the expansion of a less favoured
species, Zostera capricorni, is controlled (Preen
l  995 ) .

The studies conducted to investigate the effects
of turtle cropping on seagrass communities have
been carried out mostly in the Caribbean region
(e.g. ,  B jorndal  1980,  1985;  Ogden et  a l .  1983
Zieman et al. 1984). There are few similar
studies for other tropical systems, particularly
in Australia rvhere Dugongs and Green Tirrt les
are found in large numbers (Ogden l9B0;
Thayer et al. 1984; Marsh et aL 1995). The only
studies of Dugong grazing in the tropics have
been in Indonesia (de Iongh et al. 1995) and
Thai land (Supanwanid 1996) where Dugong
densities are Iow

We used an experimental approach to investi-
gate the impact of grazing by Dugongs and
Green Tlrrt les on the community structure of
seagrasses at two mainland sites in the Great
Barrier Reef region in tropical Ausralia. The
study was conducted over two time frames:
shorter-term (one to four months at Cardwell)
and longer- term (10 months at  EI l ie  Point  and
l3 months at Cardwell), and at several levels of
graz ing in tensi ty :  in tensive grazing,  l ight
grazing, and cropping. Our experiments showed
that herbivory influenced the structure and
dynamics of  t ropical  seagrass communi t ies by
altering their biomass, net aboveground biomass
productivity, and the species composition of a
multi-species meadow. Recovery from grazing
disturbance occurred in several months to a
year. We conclude that the three most important
properties used in assessing the feeding niches
of herbivores, the quality, quantity, and botanical
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composi t ion of  vegetat ion (Bel l  1971;  Jarman
1974), are positively correlated with the intensity
of grazing by Dugongs and Green Turtles in
troplcal seagrass ecosystems.

MATERIALS AND METHODS

Experiments rvere performed in the intertidal
regions of the two seagrass meadows, both of
which have a tidal range of approximately 3 m.
The meadorv at Ell ie Point (16"53'5, 145"46'E)
was dominated by Zostera capricorni (wide variety)
interspersed with some Halophila oualis, Halodule
unineruis, Cymodocea rotundata and C. serrulata.
The inter t ida l  meadow at  Cardwel l  (18 ' l5 'S,
146'0 1'E) consisted of Halodule unineruis. Some
Halophila oualis occurred sub-tidally in this
meadon'. As discussed below evidence of Dugong
grazing was obsen,ed during the experiments at
Cardwell, but not at EIIie Point

Longer-term experiments

Grazing simulations were carried out at each
of four haphazardly chosen locations within
each meadow in May-June 1993 and monitored
for  11 months (El l ie  Point )  and 13 months
(Cardwell). The four grazing treatmenrs were
arranged in a 4 x 4 Lat in  square at  each
Iocation. The treatments of the first row and
column of  each Lat in  square were assigned
randomly.  PVC pipes hammered inro the
substrate marked the corners of the I m2
exper imenta l  uni t  for  each repl icate.  Each
pipe had no more than 3 cm prorruding to
allow relocation rvhile avoidine the "halo effect"
that tends to occur around structures on these
seagrass beds (pers.  obs.) .  A movable quadrat
f i t ted t ight ly  on to these markers ensurrns
exact relocation of each experimental unii
dur ing the moniror ing thai  fo l lowed the
exper iments.  This quadrat  was d iv ided into
0. l l  m'? subuni ts  us ing colour-coded st r ings
enabling us to exactly relocate and re-photo-
graph subunits within each experimental unit.
Buffer zones at least I m wide were maintained
along a l l  s ides of  each exper imenral  uni t
to reduce the l ikelihood of edge effects. We
actively avoided disturbing the seigrass in these
buffer zones during our fieldwork.

The four grazing treatments were as follows:
(l) Intensive grazing: all aboveground material
removed from experimental unit; some belorv
ground left. This is close to the level of removal
recorded in favoured Dugong feeding sites
in sub-tropical Moreton Bay, where herds of
Dugongs removed 96% of the aboveground
biomass and 957a of the shoot density of seagrass
(Preen 1992,  1995).  (2)  L ight  graz ing:  p lants
removed from three evenly-spaced l5 cm wide
feeding strips within each eiperimental unit,
all perpendicular to shore. This represented

an average removal of about 70%, 80% and
857o of the aboveground biomass of ,FL olnlis,
Zostera/Cymodocea and H. unineruis, respectivch.
This t.reatment simulated the level of renroval
by smal l  groups of  graz ing Dugongs ar  sr res
in tropical Queensland, where Dugongs har.e
been recorded as removing an average of
63-86% of seagrass biomass from feeding trails
throt rgh var ious species inc luding,  H.  ouahs,
Z. capricorni, and H. unineruis (Wake 1975). (3)
Leaf cropping: leaves cut l-2 cm above ground
throughout  each exper imenta l  uni t  (except
for H. oualis for l.hich entire abovesround
biornass removed). This treatmenr simulaied the
feeding behaviour of Green Turtles. (4) Control:
undisturbed.

Shorter-term experiments

The shorter-term experiment at Cardwell was
monitored for four months. This experiment was
basically similar to the longer-term experiment
but used four 6 x 6 Latin souares with the
following treatments: ( I) Lighr grazing har-vesred
after four months; (2) Control for Tieatment l;
(3)  Cropping I  harvested af ter  one monrh;
(4)  Contro l  for  T ieatmenr 3;  (5)  Cropping 2
harvested after two months; (6) Control for
Tieatment 5. Each experimentai unit was reduced
to 0.4356 m2 to a icommodate an increased
number of sampling units (N : 144). Inrensive
grazing lvas not  inc luded in the t reatments
because the monitoring period was insufficient
for recovery from this treatment.

Monitoring the grazing plots

Changes in seagrass species composition and
abundance (leaf biomass only) of the subunrts
within each experimental unit rvere monitored
systemat ica l ly  by Aragones using a ver t ica l ly-
held v ideo camera (Sony v ideo 8 Handycam,
CDDTTR3O5E) whi le  s tandins on a movable
plat form which f i t ted over  rhe quadrat  as
deta i led in  Aragones (1996).  Nfoni tor ing was
performed monthly for both longer-rerm experi-
ments; twice monthly for two months, then
monthly  for  the shor ter- term exper iment .
Evidence of  natura l  d is turbance e.g. ,  Dugong
grazing was recorded and quantif ied using the
video camera. Grazing from fish and inverte-
brates was considered negligible and ignored.

The aboveground biomass (g d.y weight)
for each species in each frame of the video
recording (which matched the relevant experi-
mental subunit as delineated by the coiour-
coded strings within the movable quadrat) was
estimated using a scoring scale and regression
equations. The equations were calibrated by
harvesting the relevant seagrasses at biomass
values spanning the range encountered for
each species at each site following methods
out l ined in the v isual  technique developed
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for estimating the aboveground biomass and

species composition of seagrasses by N{ellors

liOOt;, drying the hawest to constant weight in

an oven at 60oC, and weighing it.

The essential difference between our technique

and that  of  Mel lors (1991),  was that  we used

video images rather than direct visual estimates
in the field to track changes in aboveground
biomass and species composi t ion.  The v ideo

images rvere viewed and enhanced using a

com-puter connected to a frame-grabber (Video

Vue image Capture, Video Associates Lab 1993).

The aboveground biomass of each species in

cach expeiimental unit was calculated as

the sum^of  the values for  the corresponding
subunits, estimated from the video images' The

estimation of the small amounts of aboveground
biomass of Clrnodocea at Ell ie Point was based

on the scoring scale for Z. capricorni as the

tu'o could not be reliably distinguished in the
video images.

The leaf biomass of seagrass removed from

each experimental unit at Cardwell by-,natural
Dugong- grazing was estimated visually from

the video images. The feeding scars were very

distinct and could be monitored through time

by simultaneous vielving of a temporal series of

images. The estimates of aboveground biomass
for  iach exper imenta l  uni t  rvere adjusted to

compensate lor any seagrass removed naturall l '
by Dugongs.

Seagrass samples from the experimental units
,"ere harvested at the end of the monitoring
period at each site. They were washed, sorted,

dried and weiehed in order to measure total

biomass, and abovegound and belowground
biomass. These weights were used to assess the

accuracy of the corresponding visual estimates
of aboveground biomass empirically. Detritus
(species pboled) was separated frorn the samples
hir-vested from Ell ie Point only during sorting,
and dried and weighed as above.

An exact  measurement  of  net  pr imary
oroductivitv could not be obtained because we
did trot attetttpt the following measurement:
below-ground biomass production, biomass due

to excietion, death and decomposition, and
harvest by smaller herbivores such as fish.
An index of the net aboveground biomass
production (INABP g dw/m2) rvas determined by
ir-rnrming the aboveground biomass accumulated
per month over the duration of the experiment
using the following equation:

rvhere 1,; is either: (l) aboveground biomass
for species a at t ime i, or (2) aboveground
biomass for all species combined at t ime i
(starting from the first month of recovery)
and rz is the number of months of the
experiment.

Statistical analyses

The effects and interactions relevant to the

exoerimental treatments are discussed in this
pab.r. The full ANOVA tables are in Aragones

i tgSOr.  The main ef fects and interact ions are

discussed only if the higher order interactions

were not significant.

Tbmporal response of the aboueground bionass to tlte

treatments

The response (g dw/m2) of the aboveground

biomass of seagrass to the various treatments

lvas examined using repeated lneasures

univariate ANOVAs (the corresponding multi-

variate tests had low porver). Separate repeated

measures ANOVAs were performed for each

species,  because the resul ts  of  the repeated

m.utr . " t  ANOVA consider ing a l l  species

simultaneously rvere complex and diff icult to

interpret (Aragones 1996). The values for the

various experimental units for each treatment
wi th in each Lat in  square were aggregated to

account  for  locat ion being a randt lm lactor '

The probabil it ies of Epsilon corrected F values
(Greenhouse-Geisser  Epsi lon)  r r 'ere calc t r la ted

to comDensate for  deviat ions { rom ut l ivar iate

assumpt iot t r .

Effects of the gruzing treutnertts ort seagrasses at

l la t  L)est

Factorial r\NO\As tvere use d to test the

effects of grazing treatment, species (Ell ie Point

onlv) .  loc i t ion and thei r  in teract ions on the

biomass of  the harvested p lant  par ts  at  the

end of  each exper iment .  In  the shor ter- term
experiments, similar analyses were performed
using the paired treatment-controls as outl ined
above and in Thble 2.

RESULTS

The effects of grazing and cropping: longer-
term experiments in the mixed'species
seagrass bed at Ellie Point

There rvere differences in the species com-
posi t ion and ieaf  b iomass among the four

bxperimental locations in this seagrass bed prior

to our  manipulat ion.  The leaf  b iomass of

H.  oual is  (13.9 s.e.  0.86 gdrv/m2) was a lmost
equal to that of Zostera/Clntodocea (12.3 s.e. 0'54

gdrv/m') at Location A, where smaller amounts
of  U.  ut t ineru is  (3.2 s.e.  1.21 gdw/mz) a lso
occurred. Location B was dominated by H. oualis
(15.1 s.e.  1.75 gdw/m2) in terspersed u ' i th  some
Zostera/C)modocea (6.3 s.e.1.63 gdw/m2) wi th
traces of H. uninerui.s (0.13 s.e. 0.05 gdw/m'?).
ZosteralCtmodocea dominated Locations C (19.3

s.e.  0.6 l -gdw/mz) and D (20.5 s.e.  1.33 gdw/m'?)
with very sparse -F1. oualis (6.2 s.e. 0.20 gdwfm'?
at  Locat ion C;  0.5 s.e.  0.38 gdw/m2 at  Locat ion
D) and no H.  unineru is .
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Tbmpora,l chctnges in the seagrasses in the control plots

The combined leaf  b iomass of  a l l  soecies
reached a low in June and increased in
March after the wet season (Fig. la). The leaf
biomass of H. oualis declined to a low in
November and increased from December unti l
the March har"vest (Fig. lb). The leaf biomass
of Zostera/Cymodocea tias lorv between June
and August (winter), lorvest in February, and
increased in March (Fig. lc). The leaf biomass
of Halodule unineruis was very low and almost
constant throughout the experiment (Fig. ld).

Repeated measures ana\sis of uariance

The grazing treatment by time interaction
was highly significant for both H. oualis and
Zostera/Cymodocea but not for Halodule unineruis
(Table l). The effect of intensive grazing over
the exper iment  var ied by species:  the leaf
biomass of H. oaalis increased (Fig. lb) as that
of Zostera/Cymodocea deceased (Fig. 1c). Our
failure to detect change in H. unineruis lrray
have been confounded by the low biomass
and high spatial variabil ity of this species at
Ell ie Point (Fig. ld). The effects of the grazing
treatments were locally variable for each
species as evidenced by the highly significant
location X time interactions fihble l).

Recouery

The recovery of the seagrass community
at Ell ie Point from the different regimes of
simulated herbivory was relatively rapid (Fig.
Ia). Even the intensive grazing plots recovered
within seven months. Recovery from light
grazing and cropping occurred within three
months.

Halophrla ouahs'. The plots exposed to cropping
and light grazing recovered within two months
(Fig.  1b) ;  those exposed to in tensive grazing
had the slowest (three months) recovery but
the greatest in terms of changes to the above-
ground b iomass.  Af ter  l0  months,  the leaf
biomass of H. oualis subjected to l ight and
intensive grazing was signifrcantly higher
than the contro ls  (F iS 1b) .  The cropping
treatment n'as similar to the control at this
t ime (Fig.  lb) .

Zostera/Cymodocea'. These species did not
recover  f rom the grazing t reatments qui te
as rapid ly  as H.  oual is  (F iS.  lc) .Recovery
from cropping took two months; from light

grazing, three months, from intensir,e grazing
eight months.

Elfect of tntensitl of herbiuory on cotnrnurtit\
composition

The species composition of the seagrass plots
exposed to both in tensive and l ight  graz ing
switched in dominance from Zostera/Cn;modocea to
H. oualis (Figs lb,c). In the intensive grazing
treatment, the leaf biomass of H. oualis was
half that of Zostera/Clmodocea at the beginning
of the experiment in May 1993. By the following
March, the leaf biomass of H. oualis was hvice
that of Zostera/Cymodocea.

Biomass on haruesting

After l0 months, the grazing treatment by
species interaction was significant only for the
leaf fraction (Thble l), that is, the leaf biomass
of intensely grazed H. oualis was significantly
higher than that of the control (Fig. le); the
biomass of  the other  species was s imi lar  to
the control. The ratio of leaf to roots/rhizome
biomass was significantly affected by the treat-
ments (Thble I and Fig. lf ; the ratio of the
roots/rhizomes to the leaves at the intensive
grazing plots was significantly lower than
that of the controls. The ratio also varied by
species. Zostera/Cymodocea had a higher ratio
of roots/rhizomes to leaves than H. oualis (Fig.
lf) for all treatments including the controls.
Tieatment did not have a significant effect on
the biomass of either the roots/rhizomes or the
whole plants (Thble l).

Detritus on haruesting

Most of the detritus resulted from Zostera/
Clmodocea shedding leaf sheaths. Ten months
after the grazing treatments, the intensive
grazing plot had signihcantly less leaf detritus
than the contro ls  (F ig.  19 and Thble 1) .  The
detritus in the l ight grazing and cropping
plots did not differ from those of the controls
(Fis .  lg) .

Index of net aboueground biomass production

Herbivory affected the index of net above-
ground biomass production (INABP) variably,
depending on the species of  seagrass (F ig.  lh) .
The INABP of H. oaaLis was significantly
h igher  than the contro ls  and increased wi th
the in tensi ty  of  herb ivory.  In  contrast ,  the

Fig. 1 (opposite). 
'I 'he 

response of the multi-species seagrass meadow at [,llie Point to treatments in the longer-term grazing
exper iment;  (a-d)  temporal  response (g dw/m'?) moni tored using v ideo of  the aboveground biomass of :  (a)  seagrass
community, (b) HatophiLa oualis (Ho), (c) Zostern/Clmodocea (Zc*Cr), (d) HaloduLe unineruis (Hu); (e-h) response (g dw/
m2) at  harvest  af ter  l0 mont.hs for  (e)  leaf  b iomass,  ( f1 rat io of  root / rh izome to leaf  b iomass,  (g)  detr i ta l  matter ,  (h)
net aboveground biomass production. Bars represent the Least Significant Difference (LSD) between means showing
di f ferences among: (a-c)  l  t reatments wi th in t ime and 2.  t imes wi th in t reatment;  (e- l  h)  L t reatments wi th in species
and 2. .  species wi th in t reatment,  (g)  t reatments.  May ( l )  = before and (2)  = af ter ,  s imulat ion measurements were
carrreo out .
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INABP of Z. capricorni decreased as the level
of herbivory increased.

The effects of grazing and cropping: longer-
term experiments in the monospecific seagrass
bed at Cardwell

Leaf biomass rentoued bt Dugottgs

Dugongs grazed within the study area from
August  (1993) through Jr- rne (1994),  inc lus ive

(Fig. 2b). Based on the estimated leaf biomass
removed, the major grazing events occurred
during November-December (1993), February-
March, March-April and May-June.

Control plots

The aboveground biomass of Halodule uninerws
in the control plots changed uni-modally over
time (Fig. 2a). lt rvas lorvest at the start of
the experiment in June, gradually increased to

Table 1.  Resul ts for  the sal ient  terms in the ANOVAs fbr  the longer- term (10 and l3 months) grazing exper iments at  El l ie
Point  and Cardt 'e l l .  Signi f icant  p values are in bold.

Response
Df

Df error N{S
P

t' (GG) '
D f

Df error N{S F
P

( G G ) '

El l ie  Point :  a mul t ispecies seagrass meadow

Repeated ?neasures of abouegrountl bionass using uitleo

Grazing lieatment x 
'l ' ime 

Interaction2,s

3 0  9 0  i 9 . 8 4  7 . 0 7  < 0 . 0 0 1H. oualis

H. unineruis

Zostera/Cynodocea

Leaves

Roots/rh izomes

Whole plants

Ratio roots+rhizomes/leaves6

INABP

Detr i tus

3 0  9 0  0 . 6 7

3 0  9 0  1 8 . 7 6

Species x Grazing Tieatment2'a
3  I  199.70  4 .04  0 .045
3 9  |  362.75  2 .08  0 .171
3 9  2  604.62  2 .57  0 .  1  19
3  I  0 . 0 1  0 . 2 1  0 . 8 8 9
3 9  85 .98  10 .54  0 .003

Locat ion x 
' l ' ime 

Interact ion2'3

3 0  9 0  1 9 . 5 4  6 . 9 7  < 0 . 0 0 1
(0 .001)

4 . 4 1  6 . 6 8  <  0 . 0 0 1
(0 .001)

3 0 . 8 2  8 . 6 9  < 0 . 0 0 1
(0 .001)

Grazing 'lieatment2.5

3  I  8 2 . 1 5  7 . 6 7  0 . 0 0 8
3 I  596.71  l  66  0 .246
3 9  280.30  0 .68  0 .589
3  I  0 . 1 3  6 . 4 1  0 . 0 1 3
3 I  14 .56  4 .64  0 .032
3 I  25 .46  7  .30  0 .009

(0 .001)

l  .02  0 .455
(0 .45)

5 . 2 9  < 0 . 0 0 1
(0 .003)

90

90

3 0

30

Biomass on hartesting: H. ovalis and Zosteralcapricorni onll

Cardwel l :  a monospeci f ic  seagrass meadow

Repeated measures of aboueground biornass using aideo

Crazing lieatment x -fime Interaction2,3
3 9  t t 7  3 6 . 3 9  1 5 . 2 6  < 0 . 0 0 1

(0 .001)

Grazing Tieatment2,5
3  9  5 7 . 1 5  1 6 . 1 4  0 . 0 0 1
3  9  I 1 9 8 . 3 9  5 6 . 6 1  < 0 . 0 0 1

3 9 |  762.95 48.57 <0.001

3  9  0 . 0 5  4 8 . 1 8  < 0 . 0 0 1
3  I  3 . 4 7  3 2 . 0 9  < 0 . 0 0 1

H. unineruis

Biomass on haruesting: H. uninervis

Leaves

Roots/rhizomes

Whole plants

Ratio roots * rhizomes/leaves6

INABP

Location x Time Interaction2,3
39 l t7  t1 .74  4 .92  <0.001

(0 .00r )

' \t' ith Greenhouse-Gieser correction for correlation through time in repeated measures; 2 All factors fixed except location,
which was random; 3Tested against  wi th in subjects residual ;  { ' lbsted against  locat ion x species x t reatment;  5 lb i ted against
locat ion x t reatmenu 6Tiansformed log (rat io* l ) .

Fig' 2 (oppostte). -l'he 
response of the monospecific seagrass meadow at Cardwell to trearmenrs in the longer- and shorter-

t_!rT.glazing experiments._ (a) temporal response (g du/m'?) monitored using video of the aboveground biomass of
Halodttle unineruis during the longer-term experiment; (b) leaf biomass (g dw7m,) removed .tat...u[y by Dugong over
t ime dur ing the longer- term exper iment (note:  December is  not  shown in th is f ieure because there was no moni ior ins
for  th is n ionth due to inaccessib i l i ty  of  exper imental  uni ts) ;  (c-d)  response (g dw/mr) ar  hanesr af ter  l3 months fo i
(c). seag^ra.ss plant parts, .(d) net abovgglognd biomass production; (e) temporal response (g ddmr) monitored using
video of.the aboveground biomass of Halodule u.nineruis during the shorter-tirm expeiimentsll-4 months); (f; respons!
(g dw/m'!) at harvest after l-4 months exposure to treatments in the short-term eiperiments. Bars reDresent the Least
S ign i f i can t  D i l f e r cnce  (LSD)  be rween  means  show ing  c l i f f e rences  among :  f a )  l .  t r ea rmen ts  w i rh i n  i ime  and  2 .  t ime
with in t reatments;  (c)  t reatments for  l .  leaves,  2.  roots/rh izomes, 3.  whole plant ,  4.  rar io (corresponds wi th r ight  axis) ;
(d)  t reatments;  (e)  t ime wi th in t reatments of :  l .  l ight  grazing/contro l ,  2.  l -month af ter  cropping/contro l ,  3.  i  months
after cropping/control. 

'I 'he 
LSDs are not necessary for (f) as comparisons are summarised in Thble 2. June and August

( l )  = before and (2)  :  af ter  s imulat ion measurements were carr ied out .
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peak in January-February and declined again
from March to July. This trend rvas similar across
all treatments (Fig. 2a).

Recouerl

The aboveground b iomasses of  the p lots
exposed to the l ight  graz ing and cropping
treatments lvere similar to the control plots
after the third month (Fig. 2a). The biomass of
the intensive grazing plots recovered to a level
similar to the controls after eight months,
coincident with the peak of the iboveground
biomass (February), then declined again, and
was significantlv lower than the remaining
treatments after I I months (Fig. 2a). Recovery
may have been prolonged by the occurrence of
repeated natura l  Dugong grazing wi th in the
experimental units (Fig. 2b).

Biomass u.pon haruesting

After 13 months, the biomass of the leaf,
root/rhizome fractions, whole plants and the
rat io  of  leaf  to  roots/ rh izomes of  H.  unineru is
were still significantly affected by the trearments
(Thble I ). Values for the intensive grazing
treatment were significantly less than those of
the control plots (Fig. 2c).

Grazing and the ndex of net aboueground biontass
production

The intensiry or level of herbivory significantly
affected the index of net aboveground biomass
production (INAIIP) of H. uninerzis (Fig. 2d,
Thble 1). The INABP rvas significantly higher
in the treatments than the controls, tvith the
cropping treatment exhibit ing the highest levels
followed by intensive grazing and light grazing
(Fig.  2d) .

The effects of grazing and cropping: shorter-
term experiments in the monospecific seagrass
bed at Cardwell

The leaf  b iomass of  the var ious contro ls
was alrvays greater than that of anv of the
other  t reatments as a l l  the exper iments were
concluded before complete r".bu..1' (Fig. 2e).
Except for the ratio of the roots/rhizomes
to leaves, the responses to the cropping treat-
ment harvested after one month tended to
be variable across locations flhble 2). The rario
of the biomass of the roots/rhizomes to that
of the leaves was significantly less than the
controls (Fig. 2f. After rwo months the effect of
the cropping treatment was significant only for
the leaves; the leaf biomass was considerably

Table 2.  Resul ts for  the sal ient  terms in the ANOVAs for  the shorrer- term ( l -4 monrhs) grazing exper iment in the
monospeci f ic  meadow at  Cardwel l .  Signi{ rcant  p values are in bold.

D f
error MS F (GG) '

D f
Df error MS F

P
(GG) 'Response

Cardwell: a monospecific seagrass meadow

Ref eated tneasures of aboueground biornass of H. uninewis using uideo

Grazing Tieatment x Tinte Interact ion2,3

L igh t  g raz i ng  ( ' I ' l )  and  con t ro l  7  21  10 .48  14 .18  <0 .001
(- f2) :  4 months

Cropping ( ' I '3)  and contro l  3
( ' I '4) :  I  month

Cropping (T5) and contro l  5
( ' l '6) :  2 months

Biot t tuss on hurueJing;  H.  uninerv is

Light grazing: 4 monrhs2' l '5'freatment

r  3  964.67  26 .86  0 .014
l  3  6 3 1 4 . 4  3 8 . t 2  0 . 0 0 9
r  3  1222.15  36 .97  0 .009
I  3  0 . 0 2  2 5 . 0 6  0 . 0 1 5
I  3  0 . 4 7  3 . 2 3  0 . 1 7 0

Cropping: 2 months
Location x Crazing Tieatment Interaction2'6

Leaves  3  40  27  .51  1  64  0 .196
Roots / rh izomes 3  40  128.69  1 .42  0 .251
Whole  p lan ts  3  ,10  127.17  0 .77  0 .519
Ratio roots*rhizomes/leavesT 3 40 0.02 5.90 0.002
I N A B P  3  4 0  0 . 1  I  0 . 1 9  0 . 9 0 3

(0 .002)

9  56 .3  23 .36  <0.001
( 0 . 0 1 l )

t 5  2 6 . 1 3  5 0 . 6 1  < 0 . 0 0 1
( <  0 . 0 0 1 )

Location x Time Interaction2'3
2 t  2 t  1 .  t 6  1 . 5 6  0 . 1 5 7

(0 .2  8 )
9  I  1 . 6 7  0 . 6 9  0 . 7 0 2

(0 .63)

1 5  1 5  0 . 6 0  1 . 1 6  0 . 3 8 7
(0 .44)

Cropping: I  month?6
Locar ion  x  - l iea tment  

In reracr ion
3 40  14 ,1 .18  29 .44  <0.001

3  4 0  2 3 1 . 1 5  5 . 7 7  0 . 0 0 2
3 40  733.52  I  L76 <0.001

3  4 0  0 . 0 1  I  . 8 4  0 . 1 5 6
3 40  8 .29  8 .23  0 .000

Leaves

Roots/rh izomes

Whole plants

Rat io roots + rh izomes/ leavesT

INABP

0 . 0 1 6

0 . 7  l 9

0 . 0 7 4

0.068

0.001
'With Creenhouse-Gieser correction for correlation through time in repeated measures; 2 All factors fixed except location,
which was random; 3 Tested against  wi th in subjects residual ;  1 ' lested -against  

wi th in locat ion x t reatment;  i  Locat ion x
treatment interact ions not  s igni f icant ;6 ' Iested against  wi th in locat ion x species x t reatment;  T l iansfbrmed log (rat io *  t ) .

Cropping: 2 months
Crazing -lieatment2/l

3 669.43 24.34

3  2 0 . t 7  0 .  1 6
3  9 2 1 . 9 9  7  . 2 3
3  0 . 1 9  7 . 8 4

3  1 4 . 9 1  1 3 2 . 9 9
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less than the corresponding undisturbed plots
(Thble 2, Fig. 21). f ire effect of the grazing
treatment on the ratio of roots/rhizomes to
leaves rvas variable across locations within the
meadorv (Table 2). After four months, the effect
of the light grazing treatment was still significant
as evidenced by the biomass of both plant parts
and rvholc plants sti l l  being lower than their
controls, and a smaller ratio of roots/rhizomes
to lcaves (Table 2, Fig. 211.

DISCUSSION

Our exoer iments demonstrated that  the
simulated 

^ 
levels of grazing by large marine

herbivores influenced both the community
structure and dynamics of tropical seagrasses.
The nature and extent of the effects were related
to: (1) the intensity (and timing) of the grazing
impact and its location within the meadorv;
a"a 1Z; the nature of the seagrass community,
including its species composition which may be
confounded with location within the meadow.
Recovery times varied from months for H. ouctlis
and Zostera/Cymodocea at Ellie Point to more than
one year for H. unineruis at Cardwell.

Species composition

At Ell ie Point, a meadow dominated by
Zostera/Cymodocea, both Iight and intensive
grazing changed the species composi t ion of
the community in favour of H. oualis at the
expense of Zostera/Cymodocea (Fig. lb,c). This
contrasts wi th Preen's  (1992) f ind ings f rom
experiments which were conducted at the
same time of year in subtropical Moreton Bay
which showed a significant increase in H. oaalis
at the expense of Z. capricorni as a result of
intensive grazing only. This discrepancy can
be explained by regional differences in grorvth.
In Moreton Bay, Z. capricorni has a winter-
spr ing growth per iod,  whi le  at  El l ie  Point ,  i t
has a spr ing growth per iod (McKenzie 1994;
and th is  s tudy)  Thus,  the t iming of  graz ing
disturbance may influence the course of recovery
differentially at different locations.

\Ve observed no changes in the species
composi t ion of  the monospeci f ic  bed of  H.
tLttineruis at Cardweil after the grazing treat-
nrents, despite the presence of H.ouaLis subtidally.
Precn (1992) a lso repor ted no post-graz ing
changes in species composition in monospecific
stands of H. oualis and H. unineruis in Moreton
Bar,. Preen argued that these species are adapted
to d is turbance because of  thei r  opportunis t ic
Iife historr strategies. The growth rate of .F1.
ouaLis ts faster and the turnover time shorter
than Z. capricorni and C. rotundata (Thble 3),
clearly demonstrating why H. oualis is more
able to respond to d is turbance than these
other species. We rvere not able to find any

corresponding data for H. uninerais, but it is
considered to be an opportunistic species l ike
H. oual is  (e.g. ,  see Den Hartog 1970;  Lanyon
1991; Preen 1992; Lee Long et al. 1993) and is
likely to have high specific grorvth rates and
turnover umes.

Thble 3. Relative growth rates, from the published literature,
of some Australian tropical seagrasses.

Specific
growth 

'lirrnover

rate (Vc time
Species per day) (days)

H. oualis 4.0-9.0 11-21

Z. capricorni 0.8-3.5 33-67

C. rotundata 2.5-4.0 25-40

Hil lman and McComb
(  1  e88)

Kirkman et al. (1982);
Larkum zl al.  (  1984, 1989)

Brouns  (1987)

Detritus

Grazing also altered the relative abundance
of detritus matter at Ell ie Point. The intensive
grazing p lots  had considerably less detr i tus
matter  than the other  t reatments (F ig.  lg) ,
presumably because most of the plant material
rvas from new growth.

Aboveground biomass

H. oualis is a favoured food of Dugongs and
juvenile Green Turtles in Moreton Bay (Preen
1992  fo r  Dugongs ;  Read  1991 ,  B rand  1995
for Green Turtles). In the tropics, Dugong
feeding trails have often been reported from
stands dominated by H. oualis (e.9., Wake 1975;
Anderson and Birtles 1978, tropical Queensland;
Aragones 1994, Phil ippines; Supanrvanid 1996,
Thai land) ,  ind icat ing that  th is  species must
be an important  food i tem. This conclus ion
is  supported by the analys is  of  the stomach
contents of Dugongs from Queensland (Marsh
et al. l9B2). The leaves of H. oualis are the most
digestible of the seagrasses studied by Aragones
(1996), and in general, the leaves have higher
concentrations of nitrogen than the rooVrhizome
fraction (Lanyon 1991; Aragones 1996). After l0
months, the aboveground biomass of H. oualis
was s imi lar  to  the below-ground b iomass in
grazed p lots  indicat ing that  graz ing induces
the growth of leaves relative to rhizomes.
This should be advantageous both to Dugongs
and Green Thrt les as the leaves have h igher
concentrations of nitrogen than the roots and
rhizomes (Aragones 1996).

According to the grazing opt imizat ion
hypothesis  developed for  terrestr ia l  grazers,
aboveground net primary productivity is
maximized at  some opt imal  graz ing level
(McNaughton 1979;  Hi lber t  et  a l .  l99 l ;  Dyer
et aL. l9B2). Plants growing at a rate close to
their maxirnum potential relative grorvth rate
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have less opportunity to respond positively
to grazing than plants with realized growth
rates far below maximum. As grazing intensity
increased at Ellie Point, we obser-ved an increase
in our index of net aboveground biomass
productivity (INABP) for H. oualis. In contrast,
the INABP for Zostera/Clmodocea decreased (Fig.
lh). This result suggests that H. oualis has a
greater capacity to compensate for Dugong
grazing than the other species studied and may
be a species tolerant of herbivory.

Recovery

Recovery of the seagrasses from grazing
disturbance depended on the t iming and
intensity of the grazing disturbance, the
species composi t ion and locat ion wi th in the
beds (which may be confounded), and the
occurrence of  addi t ional  d is turbance.  In our
experiment at Ellie Point (Fig. lb-d), H. oua,lis
recovered most quickly, follorved by H. unineruis,
then lastly Z. capricorni. As detailed above,
H. oualis has faster specific growth rate and
turnover time than Z. capricorni and probably
H. unineruis.

At Ellie Point, both H. oualis and Zosteral
Cymodocea recovered rapidly from intensive and
l ight  graz ing,  despi te the t reatments being
appl ied in  the dry season,  when growth is
lowest. In Thailand, recovery of H. oualis from
Dugong grazing rvas also rapid (two months)
during the dry season (Supanwanid 1996), rvhen
its grorvth is supposedly at its lowest. Despite
s imi lar  t iming of  the grazing exper iments,
Z. capricornt recovered more rapidly from light
grazing (rvithin five months) at Ell ie Point in
the tropics than in Moreton Bay in the sub-
t ropics (6.5-10 months) .

The recovery of H. unineruis at Cardrvell took
Ionger (e ight  months)  than in s imulat ions
in Indonesia and Moreton Bay. Hou.ever, we
conducted our  exper iments in  winter  (d.y
season), whereas de Iongh et al. (1995) conducted
their research at a lower latitude in Indonesia
over the wet season. Preen (1992) performed his
experiments in Moreton Bay during the summer
and autumn growing seasons. In general, the
effect of the timing of grazing disturbance
on the recovery period of seagrasses in sub-
tropical Moreton Bay was more pronounced
than suggested by the studies in  the t ropics,
presumably because of the more pronounced
seasonal i ty  in  the sub- t ropics.

A confounding factor in our experiments
conducted at  the monospeci f ic  seagrass bed
in Cardwell was the repeated grazing that
occurred wi th in the exper imenta l  p lots  (F ig.
2b). Grazing by Dugongs may have contributed
to the decline in leaf biomass in the first
half of 1994 (Fig. 2a). However, the influence

of environmental factors such as the variation
in daytime tidal exposure and the seasonal
pattern of growth of H. unineruis cannot be
el iminated.

In Moreton Bay, Preen (1995) suggested that
the recovery of H. uninerzls beds from Dugong
grazing can be suppressed, especially after
low levels of sustained grazing pressure follow
recovery. Overall, the recoverl' of seagrasses from
grazing varies according to species, location and
timing of the disturbance. As our experiments
were conducted during the autumn-winter
season, lr 'hich is the period of slorv grolvth, we
predict that tropical seagrasses wil l recover even
more rapidly from grazing disturbance which
occurs at other times of the year.

Scale of disturbance

The scale of disturbance from grazing differs
from that of non-grazing disturbances. Natural
disturbances such as sedimentation water
scouring, or "die-off " from disease, f looding or
cyclones may cause a uniform loss of tropical
seagrasses over large areas. Meadows suffering
such losses take years to recover  (Short  1983;
Porner  et  a l .  1989;  Preen 1992;  Poiner  and
Peterken 1995; Preen et al. 1995). In contrast,
grazing disturbance is l imited by the feeding
behaviour of the grazer. For example, Dugongs
generally feed by uprooting whole plants
from linear, serpentine feeding trails that
are about as wide as their muzzle (Heinsohn
et  a l .  1977;  Anderson and Bir t les 1978;
Preen 1992).  Preen (1995) observed that
the presence of  seagrass patches of  Iess than
I m', interspersed across quite large areas
(>50 ha) which have been severely disturbed by
Dugongs. These patches of seagrasses sur-vive
even the most  in tensive regime of  graz ing,
forming a reserve which is not accessible
to Dugongs.  Preen (1992) suggests that  th is
"ungrazable reserve" is the key to seagrasses
recovering within months from intensive
Dugong grazing.
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