Spongivory in Hawksbill Turtles: A Diet of Glass

AnnE MEYLAN®

The hawksbill (Erermochelys fmbrieata), an endangered marine trtle associated with
coral reefs throughout the tropics, feeds almost exclusively on sponges in the
Caribbean, and possibly throughour ite range. It is one of fewer than o dozen
vertebrates that are known to specialize on this widely distributed bot well-defended
food resource, The diet is taxonomically narrow and highly uniform geographically,
includes sponges that are toxic to other vertebrates, and contains more silica than that

of other vertebrates. By affecting space competition, spongivory by hawksbills may
influence spccession and diversity of reef comominitics.

PONGES ARE AN IMPORTANT COMMI-

nent of hasd-substrate marine com-

mumnitkes. On Caribbean coral recls,
they frequently oval, or even surpass, reef:
building corals in terms of biomass contri-
bution (). They are aggressive competiross
for space, particularly in deep, open-water
habitats and in crypii environments such as
e undersurfaces of folisceous oirals (2],
With rare exception (3], biotic factors thar
regulate sponge populations remam poory
knoem, Predation 5 considered 2 minimsal
influence, and s presumed to be limited by
mechanical defenses, such as siliceous spic-
ules and rough organic fibers, and by chema:
cal defenses, for which the phylum Porifera
is noted (4], The only vertebrates knovan to
feed exclusively or nearly exclusively on
sponges (spongivores) are a small number of
highty evolved releost fishes {5).

Besults of a Canbbean-wide study of the
feeding habits and ecology of the hawkehill
turtle {Ercomochelyr fmiricata) suggest that
this species B also a dedicated spongivone
(6. Sponges contributed 95.3% of the mogal
dry mass of all food items in digestive mract
samples from 61 animals from seven Carib-
b coungrics (7). Sponges were idenmfied
from all bur one turde, and were the pre-
desninant food mem in 51,

When the sample was limited 1o 34 nurtles
of known size for which complete digestive
wact contents were recovered, a high {723
o 999 percentage contribution of sponges
was observed bor partles of all simes with the
exteption of one 23-cm juvenibe and three
gravid females. Twenoy-three— o 25-0m car-
apace length appears to be the size ar which
hawksbills end a pelagic life history phase
{with epipelagic feeding habirs) and begin
benthic feeding in ooaseal habitats (8], The
predominant organic fisod fiem in seven of
mine gravid females was also sponges, but
these animals abso contaimed  substamial
amounts of calcarcous  swhstrate . marerial
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thar appears po Rave been ingested purposs-
fully, When gravid femabes were excluded
from the samiple, the average percentage dry
weight contribution of sponges in the sam-
ples weas 4.2 (8D = 12,0, & = 28], with
no scaistically significant differences  be-
tween samples of males and females (9.
Sponges accounted fior a high percentage
af the digestive tract samples throughour
the Caribbean. Mo spatistically significang
differences were observed in average coneri-
bution of sponges in e three majpor regrons
inchsded in the study; Panama, the Domini-
can Bepublic, and the Leser Antilles (107,
The high percenrage of sponges in diges-

tive tract samples and the high degree of

homopeneny in mamles of different sexes,
sizes, and geographic origms suggest thar
the hawkshill is a sponge specialise. In a
previous study of the feeding habics of Erer-
macheby, both sponges and micanes were
found to be important in the dier (11). Use
of frequency of oocurrence as the only guan.
Htative measure, however, led the audhors
conclude thar dhe hawkabill is a “relatvely
indiserimimant fzeder whose food consists
mainly of benthic invertebrates.” The sty
was conducted at a single Jocalicy, primarily
during the nesting season, but this descrp-
rion of the hawksbill has been used world-
wide vo characterize the feeding habats of the
species (12). Evidence presenned here refures
that diagnosis. Sponges have been recorded
in the dier of two other marine purtles
{ Clreloraia wpiles andd Coreta caretta) and in
four freshwater murtles, bur with the exeep-
ton of Grapremiy sgpinsde deftionln, they
appear to be of lintde importance (13). Erer-
msachielys imsbricaa 15 the only known sponge
specialisc among the Reptilia.

My study focused on the Caribbean, bur
there is evidence 1o suggest thar spongivory
it 2 worldwide habit for Eretweochels. Many
of the reports are anecdotal, but samples in
which sponges were the predomimanr or
exclusive food fierm have been recorded in
Ciman, the Seychelles, Hawaii, and the Ba-
hamas (I4). | also found sponges to be the
predominant food item in two samples from
South Africa, one from Pacific Panama, ane

from Veracruz, Mexioo, and ane from Texas.
Sarmples from Canbbean hawkshills were
txonomically  narmow  with  respecs
sponge composition: 98.9% of the dry mass
of all identified sponge could be assigned o
3 of the 13 orders of demosponges (Astro-
phonda, Spirophorida, and Hadromerida)
{15). The ten most highly ranked prey spe
cies {Tabde 1) sccounted for 79.1% of the
dry mass of all identified sponges (16).
Several hundred species occur within the
geographic range and habirars encompassed
by the samples. The degree to which this
narrow taxonomic parern i upheld world-
wide i not known, bue preliminary informa-
oon indicates that many of the same genera
of sponges are caten in other regions,
Members of the phylum Porifera produce
a diverse army of sccondary compounds
talkaloids, teepenes, and brominated com-
posnads) thae are knowan oo have noxious or
towic propertics (17}, Severd] sponge specics
consumed by Evermochelyr that have been
shown to be moxic wo fish include Chondrilla
mucaln, Tetlpn actinae, and Spheciomponia
pesperrinns {18). Extracts of Ssberiter dowsen-
reia {Snberites sp. was the fifth most highly
ranked species m the smdy) cause hemor-
rhaging and death in 3 wide vamery of b
animals including turtles (species not ident-
fied) {19). Suberitine, 3 neurotoNic protein
olated from this sponge exhibits strong
adenosinetriphosphatase  and  hemolyric
propertics [ 20, Aapeor aapior [Anples 5p, was
the minth-ranked sponge) possesses adsenoe-
eceprod-blocking activiey (21, The possble
link berween these porentially roxic sponge
msetabolites and the sporadic mass fatalities
of humans caused by consumption of
awwksbill meear {22) deserves further study,

Table 1. The ren highest ranked prey sponges of
hawksbill nurtles ( Erramocielys imdvinans), Elanks
are based an product ﬂfﬂwsﬂmmh
mass contribarion (n stomach comeenss and fre
GUETIEY of oocurrence (m = B4 nerdes).

Sponge Foank
Orrcler Asrophorida
Farmaly Geodiidae
(enitia & 3
Famnzly §
Ancoring sp. .
Eciimusmria sp. 7
AMyrime sp. G
[ieertae sodis
Family Chondresiidas
sp. B
Troraairilla: s 1
Orider Hadromsersda
Farnily Tethyides
Tierlea of. mctenda 10
]
mily Stfﬁ;ri:ida:
Swbenier sp. I
Family Flhcospongidae
Pluzuponia =, )
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Prey sponges such as Grode, Awcorina,
Evionemtin, and Plasorporyria are among the
most highly silicified demosponges; sili-
ceias spiciibes constinute up to 67, 1% of the
dry mexss of Geadlfa sepiusnd {23). The silica in

Fig. 1. Drried intestinal con-
tenes Erom a hawkshill nartle,
Glass-like needles zut_nh

104

spicules 15 present in an amorphous, hydrat-
ed form chat is similar s opal, 2 ope of
glass. Intessinal contents of hawksbills ovpi-
calby consisted of masses of desociated spac-
ules {as long &5 § mm) (Fig. 1 and cover).

e
Fig. & Scanming dectron minl:lw;gh of insestinal epathelium of o hawkshill e, showing siloeous
sponpe spicules (magnificanion, =

Three randomly selected samples of inresti-
nal contents consisted of 92,0, 7606, and
74.3% ash (dry mass basis), virtually all of
which was silica. Assuming thar digestive
tract comtents average 50% silica on a dry
mass basis, an actively feeding adulr murte
could contam over 500 g of silica m the
digestive trace.

Mo verrebrate dier comparable i silica
coneent has been d.'."rEl‘M although dicts
of exclusively spongivorous fish can be pre-
dicted 1o be simdlar. S:Iunapmrmmm
soructural component in a few groups o
algae, protoeoans, and plants, but in few, :if
any, of these groups does the silica content
approach that of the highly siliceones spong-
es in the hawksbills dier. Scouring rushes
and rice, which are considered o be the
miost heavily silicified planes, conesin only
20% silkca by doy mass (24).

Dissociated silicenus spicules were found
embedded in the intestinal epithelia of
hawkshills (Fig. 2}, No morphological ad:

ions were identified thar mighr facili-
tate the handling of gricules. In other spon-
givores, spicule-compacting ofgans, modifi-
carions of masticatory structures, and copi-
oars mucws production are thought o serve
this purpase,

Predation by a large (up to 127 kg,
mthile predator such as the havdesbill can be
expected oo have significant ecodogieal com-
seqeences for prey sponges, some of which
are known oo be slow-growing, kong-hived
species {23). From a community perspec-
tve, the removal by hawksbills of large
amounts of sponge from the reef and the
consequent opening up of free space coukd
be expected to mAvence reef succession and
diversity. Current population levels of
hawlkshills are low throoghour the range of
the species, bt repeated foraging by mdi-
viduals within their limired home ranges
mey result in localized mpact. By virtue of
their powerful jaws, hawksbills may also
facilicate sponge feeding by fish, thus VLS
menting their own impact. Divers report
thar both spoagivorouws and sonspongivor-
ous fish feed voracously on soft choano-
some and endosymbionts exposed by forag-
ing hawlkshalls.

The highly specific dice of the hawlkshill
and the dependence of this mrde an fileer-
feeding, hard-bottom communities make it
vulnerable o deteriorating conditions on
the world's reefs. Populations throughour
the circumtropicsl cange of the species are
already highly endangered by inmernaconal
trade in toroiseshell.
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COVER Dried intestinal coments of a hawksbill wurte (Eretmecheby imbvicata).
Glass-like needles are siliceous sponge spicules (ash content 92 percent of dry mass).
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