
Spongivory in Hawksbill Turtles: A Diet of Glass 

The hawksbill (Erehnochelys imbricata), an endangered marine turtle associated with 
coral reefs throughout the tropics, feeds almost exclusively on sponges in the 
Caribbean, and possibly throughout its range. It is one of fewer than a dozen 
vertebrates that are known to specialize on this widely distributed but 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 succession and diversity of reef communities. 

S PONGES ARE AN IMPORTANT COMPO- 

nent of hard-substrate marine com- 
munities. On Caribbean coral reefs, 

they frequently rival, or even surpass, reef- 
building corals in terms of biomass contri- 
bution (1). They are aggressive competitors 
for space, particularly in deep, open-water 
habitats and in cryptic environments such as 
the undersurfaces of foliaceous corals (2). 
With rare exception (3), biotic factors that 
regulate sponge populations remain poorly 
known. Predation is considered a minimal 
influence, and is presumed to be limited by 
mechanical defenses, such as siliceous spic- 
ules and tough organic fibers, and by chemi- 
cal defenses, for which the phylum Porifera 
is noted (4). The only vertebrates known to 
feed exclusively or nearly exclusively on 
sponges (spongivores) are a small number of 
highly evolved teleost fishes (5 ) .  

Results of a Caribbean-wide study of the 
feeding habits and ecology of the hawksbill 
turtle (Eretmochelys imbricata) suggest that 
this species is also a dedicated spongivore 
(6). Sponges contributed 95.3% of the total 
dry mass of all food items in digestive tract 
samples from 61 animals from seven Carib- 
bean countries (7). Sponges were identified 
from all but one turtle, and were the pre- 
dominant food item in 51. 

When the sample was limited to 34 turtles 
of known size for which complete digestive 
tract contents were recovered, a high (72.3 
to 99.9) percentage contribution of sponges 
was observed for turtles of all sizes with the 
exception of one 23-cm juvenile and three 
gravid females. Twenty-three- to 25-cm car- 
apace length appears to be the size at which 
hawksbills end a pelagic life history phase 
(with epipelagic feeding habits) and begin 
benthic feeding in coastal habitats (8). The 
predominant organic food item in seven of 
nine gravid females was also sponges, but 
these animals also contained substantial 
amounts of calcareous substrate material 

that appears to have been ingested purpose- 
fully. When gravid females were excluded 
from the sample, the average percentage dry 
weight contribution of sponges in the sam- 
ples was 94.2 (SD = 12.0, n = 28), with 
no statistically significant differences be- 
tween samples of males and females (9). 

Sponges~accounted for a high percentage 
of the digestive tract samples throughout 
the Caribbean. No statistically significant . - 

differences were observed in average contri- 
bution of sponges in the three major regions 
included in the study: Panama, the Domini- 
can Republic, and the Lesser Antilles (1 0). 

The high percentage of sponges in diges- 
tive tract samples and the high degree of 
homogeneity in turtles of different sexes, 
sizes, and geographic origins suggest that 
the hawksbill is a sponge specialist. In a 
previous study of the feeding habits of Eret- 
muchelys, both sponges and tunicates were 
found to be important in the diet (1 1). Use 
of frequency of occurrence as the only quan- 
titative measure, however, led the authors to 
conclude that the hawksbill is a "relatively 
indiscriminant feeder whose food consists 
mainlv of benthic invertebrates." The studv 
was conducted at a single locality, primarily 
during the nesting season, but this descrip- 
tion of the hawksbill has been used world- 
wide to characterize the feeding habits of the 
species (12). Evidence presented here refutes 
that diagnosis. Sponges have been recorded 
in the diet of two other marine turtles 
(Chelonia mydm and Caretta caretta) and in 
four freshwater turtles, but with the excep- 
tion of Graptemys nigrinoda deltiwla, they 
appear to be of little importance (13). Eret- 
mochelys imbricata is the only known sponge 
specialist among the Reptilia. 

My study focused on the Caribbean, but 
there is evidence to suggest that spongivory 
is a worldwide habit for Eretmochelys. Many 
of the reports are anecdotal, but samples in 
which sponges were the predominant or 
exclusive food item have been recorded in 
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Samples from Caribbean hawksbills were 

taxonomically narrow with respect to 
sponge composition: 98.9% of the dry mass 
of all identified sponge could be assigned to 
3 of the 13 orders of demosponges (Astro- 
phorida, Spirophorida, and Hadromerida) 
(15). The ten most highly ranked prey spe- 
cies (Table 1) accounted for 79.1% of the 
dry mass of all identified sponges (16). 
Several hundred species occur within the 
geographic range &d habitats encompassed 
by the samples. The degree to which this 
narrow taxonomic pattern is upheld world- 
wide is not known, but preliminary informa- 
tion indicates that many of the same genera 
of sponges are eaten in other regions. 

Members of the phylum Porifera produce 
a diverse array of secondary compounds 
(alkaloids, terpenes, and brominated com- 
pounds) that are known to have noxious or 
toxic properties (1 7). Several sponge species 
consumed by Eretmuchelys that have been 
shown to be toxic to fish include Chondrilla 
nucula, Tethya actinia, and Spheciospon$a 
vesparium (1 8).  Extracts of Suberites domun- 
cula (Suberites sp. was the fifth most highly 
ranked species in the study) cause hemor- 
rhaging &d death in a wide variety of lab 
animals including turtles (species not identi- 
fied) (19). Suberitine, a neurotoxic protein 
isolated from this sponge exhibits strong 
adenosinetriphosphatase and hemolytic 
properties (20). Aaptos auptos (Aaptos sp. was 
the ninth-ranked sponge) possesses adrenor- 
eceptor-blocking activity (21). The possible 
link between these potentially toxic sponge 
metabolites and the sporadic mass fatalities 
of humans caused by consumption of 
hawksbill meat (22) deserves further study. 

Table 1. The ten highest ranked prey sponges of 
hawksbill turtles (Eretmochelys imbricata). Ranks 
are based on product of average percentage dry 
mass contribution in stomach contents and fre- 
quency of occurrence ( n  = 54 turtles). 

Sponge Rank 

Order Astrophorida 
Family Geodiidae 

Geodia sp. 
Family Stellettidae 

Ancorina sp. 
Ecionemia sp. 
Myriastra sp. 

Incertae sedis 
Family Chondrosiidae 

Chondrosia sp. 
Chondrilla nucula 

Order Hadromerida 
Family Tethyidae 

Tethya cf, actinia 
Aaptos sp. 

Family Suberitidae 
Suberites sp. 

Family Placospongidae 
Plmospongia sp. 

22 JANUARY I988 REPORTS 393 



Prey sponges such as Gwdia, Anwrina, spicules is present in an amorphous, hydrat- 
Ecionnnia, and Placarpoqgia are among the ed form that is similar to opal, a type of 
most highly silicified demosponges; sili- glass. Intestinal contents of hawksbills typi- 
ceous spicules constitute up to 67.1% of the cally consisted of masses of dissociated spic- 
dry mass of G o &  q t u n i  (23). The silica in ules (as long as 5 mm) (Fig. 1 and cover). 

Fig. 1. Dried intestinal con- 
tents from a hawksbill turtle. 
Glass-like needles are sili- 
ceous sponge spicules. Some 
spicules are up to 5 mm 
long. 

I 

Fig. 2. Scanning electron micrograph of intestinal epithelium of a hawksbill nude, showing siliceous 
sponge spicules (magnification, X 75). 

Three randomly selected samples of intesti- 
nal contents consisted of 92.0, 76.6, and 
74.3% ash (dry mass basis), virtually all of 
which was silica. Assuming that digestive 
tract contents average 50% silica on a dry 
mass basis, an actively feeding adult turtle 
could contain over 500 g of silica in the 
digestive tract. 

No vertebrate diet comparable in silica 
content has been described, although diets 
of exclusively spongivorous fish can be pre- 
dicted to be similar. Silica is a prominent 
structural component in a few groups of 
algae, protozoans, and plants, but in few, if 
any, of these groups does the silica content 
approach that of the highly siliceous spong- 
es in the hawksbill's diet. Scouring rushes 
and rice, which are considered to be the 
most heavily silicified plants, contain only 
20% silica by dry mass (24). 

Dissociated siliceous spicules were found 
embedded in the intestinal epithelia of 
hawksbills (Fig. 2). No morphological ad- 
aptations were identified that might facili- 
tate the handling of spicules. In other spon- 
givores, spicule-compacting organs, modifi- 
cations of masticatory structures, and copi- 
ous mucus production are thought to serve 
this purpose. 

Predation by a large (up to 127 kg), 
mobile predator such as the hawksbill can be 
expected to have significant ecological con- 
sequences for prey sponges, some of which 
are known to be slow-growing, long-lived 
species (25). From a community perspec- 
tive, the removal by hawksbills of large 
amounts of smnrze from the reef and the 

L " 
consequent opening up of free space could 
be expected to influence reef succession and 
diversity. Current population levels of 
hawksbills are low throughout the range of 
the species, but repeated foraging by indi- 
viduals within their limited home ranges 
may result in localized impact. By virtue of 
their powem jaws, hawksbills may also 
facilitate sponge feeding by fish, thus aug- 
menting their own impact. Divers report 
that both spongivorous and nonspongivor- 
ous fish feed voraciously on soft choano- 
some and endosymbionts exposed by forag- 
ing hawksbills. 

The highly specific diet of the hawksbill 
and the dependence of this turtle on filter- 
feeding, hard-bottom communities make it 
vulnerable to deteriorating conditions on 
the world's reefs. Populations throughout 
the circumtropical range of the species are 
already highly endangered by international 
trade in tortoiseshell. 
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Hormone Conjugated with Antibody to CD3 Mediates 
Cytotoxic T Cell Lysis of Human Melanoma Cells 

Cytotoxic T lymphocytes can be activated by antibodies to their antigen-specific 
receptor complex (TCR-CD3) to destroy target cells, regardless of the specificity of  the 
cytotoxic T cells. A novel hormone-antibody conjugate, consisting of an analog of 
melanocyte-stimulating hormone chemically coupled to a monoclonal antibody to 
CD3, the invariant component of the T cell receptor complex, was used to target 
human melanoma cells for destruction by human cytotoxic T lymphocytes that bear no 
specificity for the tumor cells. As targeting components of such anti-CD3 conjugates, 
hormones or growth factors are expected to prove more effective than antibodies to 
tumor-associated antigens in focusing the destructive activity of cytotoxic T cells on 
tumor target cells. 

I T IS WIDELY RECOGNIZED THAT THE 

specificity of antibodies for cell-surface 
ligands and of hormones for receptors 

on cells offers possibilities for delivering 
therapeutic agents to selected target cells. 
Thus, chemotherapeutic drugs and toxins 
have been attached to antibodies that are 
specific for tumor-associated antigens [re- 
viewed in (I)], and hormones have been 
used as vectors for directing chemothera- 
peutic agents to tumor cells (2). In alterna- 
tive approaches, antibody conjugates, re- 
ferred to as heterobifunctional antibody du- 
plexes, have been used to target tumor cells 
for destruction by killer T cells (3 ) .  In the 
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duplexes, one antibody (the "targeting" 
antibody) is specific for a tumor antigen and 
the other (the "effector" antibodv) binds , , 
specifically to the antigen receptor complex- 
es on T cells, activating their effector func- 
tions regardless of the &tigens they normal- 
ly recognize. Activated cytotoxic T lympho- 
cytes (CTLs) lyse the cells to which they are 
adherent, and the antibody duplexes can 
thus induce CTLs to kill tumor cells for 
which they bear no specificity. However, 
tumor cell variants that lack tumor-associat- 
ed antigens are often found (4). In contrast, 
the growth of many tumors is dependent on 
their cell-surface receDtors for hormones or 
autocrine growth factors (5). Hence, hor- 
mones or autocrine growth factors might 
offer advantages over antibodies to tumor- 
associated antigens as targeting reagents. 

We describe a novel conjugate in which a 
hormone, substituting for the targeting anti- 
body, is covalently joined to an antibody to 
the CD3 component of the T cell receptor 
(TCR) -CD3 complex. The hormone, 
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termed MSHa, is an analog of a-melano- 
cyte-stimulating hormone (MSH); it is spe- 
cific for the MSH receptor on melanoma 
cells (6). We show that, in the presence of 
this conjugate, CTLs destroy melanoma 
cells. The conjugate may be regarded as a 
useful model for exploring the more general 
use of growth factor-antibody conjugates to 
mediate destruction of tumor cells and other 
factor-dependent cells by cytotoxic cells. 

The MSHa-anti-CD3 conjugate (7) me- 
diated specific lysis of the human melanoma 
line B16F10 (8) by the human CD8' 
cloned CTL cell line 6B7 (9 )  (Fig. 1). That 
these CTLs were not specific for the mela- 
noma cells they killed was evident from their 
failure to lyse these cells in the absence of the 
conjugate. Individual components of the 
conjugates-that is, the free MSHa alone 
(6) and anti-CD3 alone (1O)d id  not medi- 
ate CTL lysis of the melanoma cells. Indeed, 
each of them, and also antibodies to MSH 
(ll), blocked the effect of the conjugate 
(Fig. 1B) in a dose-dependent manner (Fig. 
2, A, B, and C). These results indicate that 
conjugate-mediated lysis of the melanoma 
cells depends on the binding of the conju- 
gate's anti-CD3 moiety to the CTL and the 
binding of its MSHa moiety to the MSH 
receptor on the B 16F 10 cells; unconjugated 
anti-CD3 blocked the former interaction 
and unconjugated MSHa and anti-MSH 
blocked the latter interaction. 

As in conventional antigen-dependent ly- 
sis of target cells by CTLs, the conjugate- 
mediated lysis of melanoma cells also in- 
creased as the ratio of CTLs to melanoma 
cells increased. Thus, at ratios of 0.5, 1, 5, 
10, and 20 CTLs to one melanoma cell, the 
amount of specific lysis was 9, 14, 30, 34, 
and 42 percent, respectively, in the presence 
of conjugate (-2 x 10-8M). When the ra- 
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