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Can you dig it? Use of excavation, a risky foraging tactic,

by dugongs is sensitive to predation danger
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Foraging and vigilance are mutually exclusive for some foraging tactics but not others. Thus, in response to
changes in predation danger, prey species with multiple foraging tactics may switch facultatively between
them, allowing for differential levels of vigilance. Using data from focal observations collected over 4 years
(2002e2004, 2006) in Shark Bay, Western Australia, we explored the use of two tactics, cropping and ex-
cavation, by dugongs, Dugong dugon, foraging under risk of predation by tiger sharks, Galeocerdo cuvier.
Overall, dugongs predominantly used the cropping tactic, which allows for regular visual scans, to harvest
temperate sea grass species. Dugongs only used the excavation tactic, which precludes regular visual scans
but allows individuals to access the nutritious rhizomes of preferred tropical sea grass species, in months
when tropical species were most available (FebruaryeMay). However, during these months the time du-
gongs allocated to excavation was inversely related to shark abundance rather than the availability of these
sea grass species. We conclude that use of foraging tactics by dugongs is sensitive to predation danger, and
that individuals manage their risk of mortality via reduced use of a profitable but potentially hazardous
tactic when the likelihood of encountering predators is high. Excavating dugongs are more likely to disrupt
sea grass meadow structure and promote succession than are those engaged in cropping. Thus, by altering
the time dugongs devote to these alternative tactics, tiger sharks may exert an indirect effect on sea grass
patch composition and structure and, ultimately, benthic communities.

� 2007 The Association for the Study of Animal Behaviour. Published by Elsevier Ltd. All rights reserved.
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The act of foraging can limit the ability of prey animals to
be vigilant (e.g. Krause & Godin 1996; Bednekoff & Lima
1998; Lima & Bednekoff 1999). Consequently, prey indi-
viduals under threat of predation often lose opportunities
to acquire energy while scanning their environment (Lima
& Bednekoff 1999). However, not all feeding modes con-
strain antipredator vigilance to the same degree (Bednek-
off & Lima 1998; Kaby & Lind 2003). For example,
foraging tactics that are complex (Kaby & Lind 2003) or
that involve body postures restricting vision (Krause &
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Godin 1996) are much more likely to impede predator de-
tection and escape than those allowing simultaneous sur-
veillance. It follows that prey animals may switch between
foraging tactics in a threat-sensitive manner, avoiding tac-
tics that preclude vigilance when danger is heightened
(e.g. Helfman 1989). Predator-induced changes in the for-
aging tactics used by herbivores are of particular interest to
ecologists, for they may alter the pressure that these spe-
cies exert on plants and, ultimately, community structure
(Crawley 1983; Schmitz et al. 2004). In marine systems,
the influence of predation risk on the choice of foraging
tactics by large herbivores has not been addressed.

Here, we explore the use of alternative foraging tactics
by dugongs, Dugong dugon, under risk of predation by tiger
sharks, Galeocerdo cuvier, in a Western Australian embay-
ment (Shark Bay). Dugongs use two primary tactics to har-
vest sea grass: cropping, whereby clusters of leaves are
stripped from the branching stems of sea grass plants
85
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(Anderson 1982), and excavation, whereby individuals
root into the substrate with their rostra to consume both
above- and below-ground (i.e. rhizomal) portions of
sea grass plants (Anderson & Birtles 1978). In Shark Bay,
dugongs crop the temperate sea grass species Amphibolis
antarctica (Anderson 1986), which is widely available as
food (w90% of total sea grass cover; Walker et al. 1988),
while apparently using excavation foraging to consume
tropical sea grass species (e.g. Halodule uninervis, Halophila
ovalis) that are more sparsely distributed (Walker et al.
1988). Tropical sea grass species are generally preferred
over temperate ones (i.e. dugongs feed on tropical sea grass
patches to an extent greater than that predicted by their
availability; Anderson 1986; Preen 1995), probably be-
cause their rhizomes are energy rich and contain relatively
high concentrations of important nutrients (e.g. organic
carbon; de Iongh et al. 1995). Thus, dugongs engaged in
excavation may achieve higher energy intake rates than
those using the cropping tactic. However, while the act
of cropping allows for frequent scans between bites
A. Wirsing (personal observation), the process of excava-
tion involves lengthy periods of digging that undoubtedly
preclude vigilance. Moreover, excavating dugongs usually
produce large sediment plumes that are likely to impede
surveillance and could attract predators. Consequently,
dugongs electing to excavate in areas where, and during
time periods when, both tactics are feasible may pay the
cost of increased mortality risk (see Godin & Smith 1988
for an example of such a cost in foraging guppies, Poecilia
reticulata). The magnitude of this cost is not constant, how-
ever, as tiger shark abundance in Shark Bay shows strong
seasonal variation (Heithaus 2001; Wirsing et al. 2006).

We tested the hypothesis that dugongs manage their
risk of mortality by using the dangerous but profitable
foraging tactic (excavation) in inverse proportion to the
likelihood of encountering predators. The biomass of
tropical sea grass species in Shark Bay is linked to water
temperature, being greatest at the peak of the warm season
(JanuaryeFebruary) and declining sharply during months
when water temperatures are below 20�C (JuneeOctober;
Anderson 1986; Walker & McComb 1988). Consequently,
dugongs generally do not excavate tropical species during
these cold months, cropping A. antarctica instead (Ander-
son 1986). Accordingly, our hypothesis predicts that when
excavation is feasible (i.e. NovembereMay), the time
dugongs allocate to excavation while foraging should be
inversely related to tiger shark abundance. Conversely, if
the time dugongs devote to excavation is driven solely
by the availability of tropical sea grass species, then we
would expect the frequency with which this tactic is
used to be greatest during months when water tempera-
tures are highest (i.e. JanuaryeMarch). Given that tiger
shark abundance and temperature are positively correlated
(Heithaus 2001), an inverse relationship between shark
abundance and excavation time during these months
should not exist under this latter scenario (i.e. time allo-
cated to excavation should be maximal when both shark
abundance and temperature are highest). In addition to
looking at foraging tactics, we also asked whether the over-
all time that dugongs spent foraging corresponded with
changes in shark abundance and/or water temperature.
METHODS

Study Site

This study was conducted in the Eastern Gulf of
Shark Bay, offshore of the Monkey Mia Dolphin Resort
(w25�45’S, 113�44’E). Shark Bay has been listed as a World
Heritage Area since 1991, and is home to a large dugong
population (between 10 000 and 14 000 individuals;
Marsh et al. 1994; Preen et al. 1997; Gales et al. 2004),
many of which use our study area (abundance varies
from a few dozen in winter to a few hundred in summer;
Wirsing et al., in press). Thus, we were able to evaluate the
foraging decisions of dugongs belonging to a healthy pop-
ulation under relatively pristine conditions.

Dugong Foraging Behaviour

Over the course of 4 years (2002e2004, 2006), we
assessed the foraging behaviour of individual dugongs
using focal animal follows (N ¼ 167; Altmann 1974). Indi-
vidual adults sighted randomly during transect passes
through shallow and deep habitat (see Wirsing et al., in
press, for methodological detail) were targeted for focal
observation, minimizing the likelihood that starting posi-
tions were spatially biased (Heithaus et al. 2006), and focal
follows were only conducted in Beaufort wind conditions
�1 to facilitate reliable observation. Dugongs selected for
behavioural observation were approached at slow speed
(w1 km/h) and then allowed to acclimate to our vessel
(a 4.5-m runabout) for 5 min from a distance of roughly
50 m; subsequently, behavioural observations were made
from a distance of 10e20 m. We are confident that this
method of observation was minimally invasive: focal ani-
mals rarely changed their behaviour or moved in response
to our approach, they moved freely about the vessel with-
out investigating, and often rested in close proximity to
the boat, implying that we were perceived neither as a dis-
traction nor as a threat. Dugongs that did respond to our
approach by moving off or changing their behaviour (i.e.
by terminating foraging or resting bouts; N ¼ 5) were not
followed. Focal observation periods lasted an average � SD
of 52.2 � 21.6 min; follows that lasted less than 30 min
(N ¼ 23) were not included in this analysis, resulting in
144 usable follows. During each follow, we recorded water
depth (m) and the position (with a GPS) and predominant
behaviour (foraging, travelling, resting, unknown) of the
focal individual every 2 min. When animals could not
be observed while submerged, activity states were distin-
guished using diagnostic behaviour and characteristics at
the surface (Anderson 1986; Chilvers et al. 2004). Foraging
individuals typically engaged in slow, meandering
searches with irregular surface intervals and often were as-
sociated with sediment plumes and deep dives, while rest-
ing individuals showed little displacement, regular surface
intervals, and shallow and relaxed breaths. Travelling indi-
viduals generally showed directional movement with few/
no stops and regular surface intervals. In shallow habitat
(�4.5 m in depth), we also noted whether foraging ani-
mals cropped or excavated sea grass during each 2-min ob-
servation interval. These two tactics proved easy to
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distinguish when used in the shallows: dugongs that en-
gaged in cropping tended to meander and take haphazard
bites of sea grass, while excavating animals tended to con-
fine their foraging effort to particular areas and usually
created large sediment plumes (note that cropping was
never assumed simply because of the absence of a plume).
When possible, unique marking and scarring patterns
(Anderson 1995) were recorded during each follow to en-
sure that individuals were not sampled repeatedly.

Data collected using focal follows are often autocorre-
lated, as all behavioural observations are constrained by
the behaviour of the focal animal when the follow is
initiated unless observations are separated by long in-
tervals (Manly et al. 1993). We believe that our assessment
of dugong foraging behaviour is robust to this potential
problem, however, given that (1) follows were initiated
randomly with respect to location and behavioural state,
and (2) the focal data we collected were subject to a consis-
tent level of bias (i.e. there was no reason to assume that
levels of autocorrelation characterizing our follow data
changed over time), allowing reliable comparison of forag-
ing budgets associated with varying levels of predation
danger and water temperature.

Predator Abundance

Catch rates provide an index of tiger shark abundance
in Shark Bay (Heithaus 2001; Wirsing et al. 2006). Sharks
were caught on drumlines equipped with a single hook,
baited primarily with Australian salmon, Arripis truttaceus,
and deployed at dawn in six fishing zones within the
study area (w160 km2); all sharks caught throughout the
day were measured (total length, TL), tagged and released
(for methodological detail, see Heithaus 2001; Wirsing
et al. 2006). Because of notable ontogenetic shifts in tiger
shark diets (e.g. Lowe et al. 1996), tiger sharks under 3.0 m
total length (TL) are not likely to pose a threat to dugongs.
Thus, only sharks > 3.0 m TL were used to calculate daily
catch rates. Note, however, that the inclusion of sharks
falling below this size threshold does not change the re-
sults presented below.

Our fishing effort was intensive and consistent (Wirsing
et al. 2006). However, the frequency with which sharks
were fished (w6 fishing days/month) precluded a continu-
ous (daily) evaluation of the relationship between the for-
aging budgets of focal individuals and predator numbers.
Thus, in light of the strong seasonal pattern in shark abun-
dance in our study area (Heithaus 2001), we used a sinusoi-
dal function with a period of 1 year to predict the annual
trend in daily catch rates (sharks/h). Catch data used in
the model were combined for the years 2002e2004 and
2006 because interannual variation was not detected after
accounting for seasonal effects (ANCOVA: F2,117 ¼ 0.97,
P ¼ 0.38). The model was fitted using maximum likeli-
hood under the assumption of a Poisson error distribution
because our data consisted of integer values for the num-
ber of sharks caught per day. Each focal follow was as-
signed a shark catch rate (i.e. a predation risk level)
generated by the model, which has been shown to have
explanatory value in this system (Wirsing et al. 2007).
Statistical Analysis

The dependent variables in this study were expressed as
(1) the number of 2-min observation intervals during which
focal animals engaged in foraging, divided by the total
number of observation intervals for the follow, and (2) the
number of intervals during which animals engaged in
excavation foraging, divided by the total number of in-
tervals during which foraging occurred in the shallows. For
the latter dependent variable, follows during which the
focal individual engaged in shallow-water foraging for fewer
than five observation intervals were deleted from the data to
avoid bias stemming from low sampling time. For both
variables, data from the 4 years of the investigation were
analysed collectively because annual differences between
times devoted to foraging (ANOVA: F3,140 ¼ 0.35, P ¼ 0.79)
and excavation (F3,59 ¼ 2.38, P ¼ 0.08) were not detected.

We examined the extent to which models based solely on
predator (tiger shark) abundance, solely on sea surface
temperature (�C; measured daily from a constant location
within the study area), and on the combination of these two
factors could predict each of the dependent variables using
information theoretical methodology (Burnham & Ander-
son 1998; Anderson et al. 2000). This approach ranks
models of the relationship between dependent and explan-
atory variables according to fit, while accounting for differ-
ences in complexity, and therefore allows for rigorous
comparisons of competing hypotheses (Anderson et al.
2000; Johnson & Omland 2004). Linear models of the two
dependent variables were fit using maximum likelihood;
since both dependent variables were proportions with
a modal value of zero, a low mean and large variance, a bi-
nomial error distribution served as the basis for statistical
inference (Lloyd 1999). Although correlated, the two inde-
pendent variables were sufficiently divergent to allow for in-
dependent assessment in the models. The support for each
model was quantified using Akaike’s Information Criterion,
corrected for small sample size (AICc; Burnham & Anderson
1998; Anderson et al. 2000); nonlinear transformations of
the independent variables were applied post hoc if they sub-
stantially improved the support for a given model (i.e. low-
ered its AICc by �2; Burnham & Anderson 1998). Akaike
weights (w), which measure the probability that a particular
model is best among a set of competitors, and the change in
AICc between models (DAICc), were used to assess model un-
certainty (Burnham & Anderson 1998). R2 analogues for
models analysed using maximum likelihood (R2

L; calculated
as one minus the percentage difference in the negative log-
likelihood value for the model in question and the constant-
only model) were used to index the amount of variation in
the dependent variable explained by each model. Finally,
when presented, coefficient estimates for model parameters
are accompanied by 95% confidence intervals (SYSTAT 10,
SPSS Inc., Chicago, IL, U.S.A.).

RESULTS

Foraging

The 144 individual dugongs that were subject to focal
observation (�30 min) devoted an average � SD of 49.74
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�35.97% (min ¼ 0, max ¼ 100%) of their time to forag-
ing. The best model of time allocated to foraging by du-
gongs included only sea surface temperature (T; Table 1).
However, this model was not clearly superior to its com-
petitors (Table 1), preventing a firm conclusion that tem-
perature exerted a stronger influence on dugong foraging
time than did tiger shark abundance. Moreover, none of
the competing models could explain more than 0.20%
of the observed variation in the time that individual du-
gongs devoted to foraging (Table 1), implying that corre-
spondence between trends in temperature and large tiger
shark abundance and the pattern of foraging we observed
was relatively weak (i.e. individual foraging times were
governed primarily by factors not included in the model).
Indeed, while water temperature and shark abundance
varied dramatically over the course of the investigation
(Wirsing et al. 2006), the time that dugongs budgeted to
foraging remained fairly consistent (Fig. 1).

Excavation

Excavation was not observed in any year during months
when temperatures typically fell below 20�C (JuneeOcto-
ber). Thus, our analysis of the time that dugongs devoted
to this tactic necessarily excluded these months. During
months when excavation did occur (FebruaryeMay of all
years), a total of 63 dugongs foraged in shallow habitat
(<4.5 m in depth) for a minimum of five observation inter-
vals while being followed. These individuals allocated an
average � SD of 20.93 � 34.79% (min ¼ 0, max ¼ 100%)
of their shallow habitat foraging time to excavation. The
time that dugongs devoted to excavation was predicted
equally well by a model that included both sea surface tem-
perature and large tiger shark abundance (S þ T ) and
a model that included shark abundance alone (S ) (Table
2). Each model explained a considerable amount of the
variation in excavation time (26% and 25%, respectively),
and both were clearly superior to the other models under

Table 1. Models of the time devoted to foraging by dugongs in
Shark Bay, Western Australia over a period of 4 years

Model K D w R2
L

T 1 d 0.512 0.002
SþT 2 1.275 0.271 0.002
S 1 3.020 0.113 0.001
Constant-only 0 3.165 0.104 d

Foraging data were collected using focal animal follows (N ¼ 144)
exceeding 30 min. Models were generated using all linear combina-
tions of two independent variables: large (>3 m total length) tiger
shark abundance (S ) and sea surface temperature (T, �C). The de-
pendent variable, the proportion of 2-min observation intervals dur-
ing which foraging was the dominant behaviour, featured
a constrained maximum and a modal value of zero. Thus, models
were fit with binomial regression, and then ranked using Akaike’s In-
formation Criterion, corrected for small sample size (AICc). For each
model, K is the number of fitted parameters in the model, D is the
change in AICc between the model and the ‘best’ model (i.e. the
model with the lowest AICc; highlighted in bold), w is the Akaike
weight (i.e. the probability of preeminence), and R2

L is the R2 ana-
logue for models analysed using maximum likelihood.
consideration (Table 2). The large gap in efficacy between
the model based solely on shark numbers and that based
solely on temperature indicates that predator abundance
was a reliable predictor of the use of excavation by dugongs
during the months of FebruaryeMay, and that the inclu-
sion of temperature information within this time interval
did not improve the predictive capacity of the shark-based
model. The fit of both models was improved substantially
using post hoc nonlinear (quadratic) transformations
(DAICc values > 2). Following transformation, the coeffi-
cient estimates for the shark abundance variable in both
models were positive (full model: 113.47 � 83.93; shark-
only model: 124.76 � 76.15), while the coefficients for
the quadratic terms were negative (full model: �4023.53 �
2181.53; shark-only model: �4722.25 � 1819.46). By im-
plication, during months when excavation was observed,
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Figure 1. Relationship between the proportion of time allocated to

foraging by dugongs during focal animal follows (N ¼ 144, C)

and day of year (DOY) over a period of 4 years (2002e2004,
2006; note that the months of NovembereJanuary were not ana-

lysed). The grey trend line was generated using distance-weighted

least squares smoothing (DWLS, tension 1.0, SYSTAT 10).

Table 2. Models of the time devoted (i.e. proportion of 2-min obser-
vation intervals allocated) to excavation by dugongs foraging in shal-
low sea grass habitat (<4.5 m in depth) between February and May
over 4 years

Model K D w R2
L

SDT 4 0.000 0.543 0.257
S 2 0.348 0.457 0.252
T 2 51.134 0.000 0.196
Constant-only 0 222.870 0.000 d

Foraging data were collected using focal animal follows exceeding
30 min (N ¼ 63). Models were generated using all combinations of
tiger shark abundance (S ) and sea surface temperature (T, �C), fit
with binomial regression, and then ranked using Akaike’s Informa-
tion Criterion, corrected for small sample size (AICc); nonlinear (qua-
dratic) transformation applied post hoc substantially improved the fit
of all models (i.e. DAICc values > 2). See Table 1 caption for symbol
definitions.
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dugongs reduced their reliance on this tactic as shark abun-
dance rose (Fig. 2). Importantly, the coefficient estimates
for the temperature variable (�1.04 � 2.55) and its qua-
dratic term (0.02 � 0.055) in the full model were not dis-
tinguishable from zero, indicating a lack of temperature
effect.

DISCUSSION

The results of this investigation are consistent with the
hypothesis that use of particular foraging tactics by
dugongs is sensitive to the danger of predation. Overall
levels of foraging by dugongs were temporally consistent.
However, during warm months (FebruaryeMay) when the
sea grass species typically excavated by dugongs in Shark
Bay (i.e. tropical species, Halodule uninervis, Halophila ova-
lis; Anderson 1986) were most available, individuals sig-
nificantly reduced their use of this tactic (and devoted
more time to cropping) when large tiger sharks were
most abundant, presumably because the process of exca-
vation inhibits vigilance and may even attract predators.
Thus, we conclude that dugongs manage their risk of
death by avoiding a profitable but risky feeding tactic
when the likelihood of predator encounter is elevated.

The excavation times we observed were characterized by
marked heterogeneity (Fig. 2). Moreover, our analysis did
not address other factors that are likely to influence its
use (e.g. condition dependence, fine-scale patterns of re-
source distribution and abundance). Thus, the fact that
shark abundance alone explained roughly a quarter of
the observed variation in the use of this tactic between
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Figure 2. Relationship between the proportion of time allocated to

excavation foraging in shallow habitat (<4.5 m in depth) by du-

gongs during focal follows (N ¼ 63, C) and large tiger shark

(>3 m) catch rate (sharks/h). Note that the range of shark catch rates
presented coincides with the time span over which excavation was

observed (FebruaryeMay of all years). The grey trend line represents

a prediction furnished by the quadratic model Y (time allocated to

excavation) ¼ exp �1.59þ124.76�(shark abundance) � 4722.25�
(shark adundance2).
February and May is remarkable and underscores the
strength of the relationship between the willingness of du-
gongs to excavate sea grass and their perceived risk from
tiger sharks.

Previous work has shown that tropical sea grass species
are sparsely distributed, of low biomass, and generally
unavailable during months when water temperatures are
below 20�C in our study area (Walker & McComb 1988;
Walker et al. 1988). In accord with our assumption that
dugongs use excavation to target these rare but nutritious
species, we found that foragers tended to use this tactic in
sea grass patches where the presence of these species has
been documented (Walker et al. 1988), they generally de-
voted little time to excavation while harvesting sea grass,
and ceased using this tactic between June and October.
The comparatively heavy use of excavation by dugongs
during the latter stages of the warm season (i.e. mid-
AprileMay, predicted shark catch values between 0.01
and 0.02 sharks/h; Fig. 2), when tropical sea grass species
are still available and tiger shark abundance has dropped
to intermediate levels (Wirsing et al. 2006), suggests that
foragers would probably spend more time harvesting the
energy-rich rhizomes of these species throughout the
warm season, despite their relative scarcity, were it not
for the influence of risk from tiger sharks.

We were unable to determine whether dugongs under
focal observation excavated sea grass while foraging in
deep habitat. This methodological shortcoming could
have biased the results presented herein if episodes of
deep water excavation were missed frequently. We are
confident, however, that use of this tactic was largely
restricted to the shallows because (1) the tropical sea grass
species putatively targeted by dugongs using this tactic are
found primarily in shallow habitat (Anderson 1986;
Walker et al. 1988), (2) sediment plumes that often accom-
pany excavation were never witnessed during observa-
tions of individuals feeding in deep water (even when
water clarity was excellent and conditions were calm),
and (3) deep-habitat foraging was relatively infrequent
(i.e. <10% of total foraging time; A. Wirsing, unpublished
data) during periods when excavation was used most
often in the shallows (mid-AprileMay).

Despite marked variation in the abundance of their
major local predator, on average, dugongs budgeted
approximately half of their time to foraging over the
course of this investigation. This result, which is consis-
tent with the findings of several previous dugong tracking
studies (e.g. Churchward 2001; Chilvers et al. 2004), may
mean that these sirenians do not sacrifice diurnal feeding
time to be more vigilant during periods of high mortality
risk. Dugongs may be unable to dramatically alter their
feeding schedule given the generally poor quality of their
diet (Best 1981; Marsh et al. 1984) and the fact that their
relatively slow rate of digestion probably limits the
amount of sea grass that can be ingested (Lanyon & Marsh
1995).

Predators often select unwary prey (Krause & Godin
1996). For prey animals that have been targeted, even
slight delays in escape can mean the difference between
life and death (Kaby & Lind 2003). Thus, in general, we
would expect prey individuals to reduce their use of
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foraging tactics that, by virtue of their complexity or the
body position they require, prevent antipredator vigilance
when the likelihood of predatory attack is high. Conversely,
when their environment is safe, prey should allocate their
time to such foraging modes in a manner that is indepen-
dent of spatial and temporal variation in predation risk
(Nolet et al. 2006). Dugongs seem to conform to this ex-
pectation: individual foragers relied less on excavation,
a tactic that enables dugongs to access the nutritious rhi-
zomal portions of tropical sea grass species but precludes
frequent scans of the environment, when large tiger
sharks were abundant. This predator-mediated shift in
the use of alternative foraging tactics by dugongs is note-
worthy for several reasons. (1) It adds dugongs to the
growing list of species that eschew dangerous foraging tac-
tics when there is need for defensive investment for other
examples, see (Kotler et al. 2002; Olsson et al. 2002), even
though previous enquiries have ignored predation risk
and discussed the feeding modes of this sirenian solely
in relation to the availability of various sea grass species
(e.g. Anderson & Birtles 1978; Anderson 1982, 1986; Preen
1995). (2) It suggests that the foraging behaviour of other
marine species widely believed to be relatively immune to
predation may, nevertheless, be sensitive to predation risk.
(3) It has important implications for the relationship be-
tween dugongs and the sea grass meadows upon which
they subsist. Excavation feeding by dugongs can radically
disrupt the structure of sea grass meadows, leaving deep
furrows and denuded patches that promote succession
(de Iongh et al. 1995; Preen 1995; Nakaoka & Aioi 1999;
Masini et al. 2001). In contrast, dugongs engaged in crop-
ping are believed to be less disruptive, because they only
remove the terminal portions of sea grass plants, leaving
the rhizomes intact and likely promoting the persistence
of perennial sea grass species (Anderson 1986). Thus, by
influencing the time that dugongs allocate to these two
tactics, tiger sharks may exert a strong indirect influence
on the dugong’s food (i.e. the sea grass beds themselves).
During periods when an abundance of sharks forces du-
gongs to allocate relatively high amounts of time to crop-
ping, for example, the extent to which dugong feeding
facilitates the intrusion of pioneering sea grass species
may decline markedly. We can surmise, then, that alter-
ations in the dynamics of tiger shark populations where
this predator coexists with dugongs are likely to have
a profound effect on the composition of local sea grass
meadows and, ultimately, benthic community structure
and function.
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