
Fabry's disease (4, 5 ,  25). Although 
globotriaosylceramide is present in mod- 
erate quantity in normal human erythro- 
cytes (1.6 to 2.0 pg per 100 mg of dried 
cell residue; 0.08 to 0.10 pmole per 50 
ml) (26), the quantity 1s 11100 that in 
Burkitt lymphoma cells. Normal eryth- 
rocytes were not reactive to antibody 38- 
13 (2) but were weakly reactive to  poly- 
clonal antibodies to P absorbed by globo- 
s ~ d e  (5). Analyses of the distribution, 
chemical quantity, and cell surface 
expression of this glycolipid in cells of 
other tissues are lacking. It is possible 
that expression of this glycolipid is cryp- 
tic, as it is in normal human erythrocytes 
and other blood cells. However, a cer- 
tain strain of Escherichia coli causing 
urinary tract infections had a pili lec- 
tin that is known to interact with globo- 
side and globotriaosylceramide (27). 
Whether the globotriaosylceramide of 
the genitourinary tract epithelia is ex- 
posed at  the cell surface has not been 
determ~ned.  

The glycolipid associated with Burkitt 
lymphoma cell lines did not accumulate 
In other lymphoproliferative or  myelo- 
proliferative processes. Because this gly- 
colipid accumulates only in Burkitt lym- 
phoma cells, it could be used for the 
detection of Burk~t t  lymphoma cells 
among various malignant blood cells and 
lymphoid, erythroid, and myeloid leuke- 
mia cells. In a patient with gastric can- 
cer, a rare genotype pp was associated 
with a P-like and PI-glycolipid antigen. 
Since the tumor growth in that instance 
was suppressed by anti-plppk antibodies 
(28), the effect of monoclonal antibody 
38-13 on Burkitt lymphoma growth is of 
great interest. Globotriaosylceramide ac- 
cumulation in Burkitt lymphoma could 
result from a blockage of globoside syn- 
thesis o r  from activation of a-galactosyl- 
transferase. Either mechanism could 
yield an altered profile in Burkitt lym- 
phoma, analogous to changes generally 
associated with oncogenic transforma- 
tion (29). 
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Damselfish as Keystone Species in Reverse: 
Intermediate Disturbance and Diversity of Reef Algae 

Abstract. Substrates located within the defended territories of Hawaiian damsel- 
jish for 1 year were subjected to intermediate grazing intensity and, as  a result, 
showed greater diversity of algae than substrates either protected within jish- 
exclusion cages or exposed to intense jish grazing outside territories. Thus, this 
damselfish enhances local diversity on reefs through "intermediate-disturbance" 
effects and is a keystone species that decreases rather than increases overall 
predation intensity relative to areas where it is absent. 

A major goal of community ecology is 
to determine what factors allow similar 
species to coexist in the same habitat 
without one dominant competitively 
eliminating most others. One such mech- 
anism is known as the "keystone-spe- 
cies" concept. As described by Paine 
(I), keystone species are predators that 
keep the population densities of their 
prey below levels where resources be- 
come limiting, thus preventing local 
competitive exclusions among the prey 
species. Paine (1) found that the con- 
trolled removal of a starfish population 
resulted in mussels excluding most other 
large invertebrates from a rocky intertid- 
al zone. Thus, a keystone species can 
maintain high local diversity by increas- 
ing the intensity of predation relative to 

areas where that species is absent. We 
now describe a fundamentally different 
kind of keystone species: a damselfish 
that maintains high diversity of algae on 
Hawaiian coral reefs by reducing the 
overall intensity of predation on the al- 
gae (2). This system and the classic key- 
stone-species concept are reconcilable 
when examined in the context of what 
has been called the "intermediate-distur- 
bance" hypothesis (3),  which predicts 
that local diversity reaches a peak at  
moderate levels of disturbance. 

Herbivorous fishes affect the local dis- 
tribution and abundance of algae on trop- 
ical reefs (4-7). Typically, intense graz- 
ing by aggregations of parrotfishes (Scar- 
idae) and surgeonfishes (Acanthuridae) 
results in most exposed coral rock sur- 
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faces being covered by crustose coralline 
algae (5). On otherwise identical surfaces 
in the same area, certain herbivorous 
damselfishes (Pomacentridae) establish 
and maintain relatively dense mats of 
erect filamentous algae by aggressively 
excluding other fishes from their individ- 
ual territories (6, 7 ) .  

Our study site was located along the 
windward subtidal reef crest a t  the Coco- 
nut Island Marine Refuge (Kaneohe Bay, 
Oahu, Hawaii). The substrate consisted 
of a meter-deep bench of dead Porites 
coral rock, upon which the yelloweye 
damselfish (Stegastes fasciolatus) de- 
fended territories against numerous par- 
rotfishes (Scarus spp.) and surgeonfishes 
(mostly Acanthurus spp.). Sea urchins 
and other large invertebrate grazers were 
rare. Settling plates (1 152) were mounted 
on 96 concrete blocks (8) and were dis- 
tributed evenly on 19 September 1980 (i) 
exposed outside damselfish territories, 
(ii) exposed inside territories, and (iii) 
protected within fish-exclusion cages (9). 
Periodically during the next year, a sam- 
ple of 63 plates (3 treatments x 3 sub- 
strate types x 7 replicates) was removed 
from the field without replacement. Each 
sample underwent laboratory analyses 
(10). Separate cage-control experiments 
revealed no substantial secondarv effects 
of caging upon algal diversity, and 
throughout the maid experiment few in- 
vertebrate herbivores were found on the 
settling plates (10). Estimates of the pro- 
portional relative abundance of each al- 
gal species (11) were used to calculate 
seven different species diversity indices 
(10). Because all indices suggested the 
same patterns, we present here only the 
Shannon-Wiener index (12). Also, the 
different plate substrate types yielded 
similar results whether analyzed sepa- 
rately or together, and therefore we re- 
port only the pooled results. 

During the yearlong course of the 
main experiment, 17 different samples 
were analyzed. The successional stages 
of relative algal diversity among treat- 
ments are summarized by considering 
three of these samples ( Fig. 1A). Plates 
exposed outside damselfish territories 
showed the lowest diversity and biomass 
of algae (10). Intense grazing by fishes 
eliminated erect forms, leaving a 14- 
species assemblage of grazer-resistant 
prostrate forms dominated by the only 
crustose coralline alga found in this ex- 
periment, Hydrolithon reinboldii. Quad- 
rat samples of natural substrates con- 
firmed that diversity and biomass were 
invariably less outside damselfish terri- 
tories than inside (10). 

Algal diversity on caged plates relative 
to that on plates exposed inside damsel- 

fish territories varied through time. Ini- 
tially (Fig. l A ,  1 week), diversity was 
greater on the plates inside territories, 
presumably because these surfaces were 
closest to a source of colonizing spores 
provided by the surrounding algal mat 
(13). Midway through the experiment (6 
months), diversity was greater on the 
caged plates, apparently because the al- 
gae on these plates were undisturbed but 
had not reached densities where compet- 
itive exclusions were common. By the 
end of the experiment (1 year), diversity 
was again greater on the plates inside 

77- 

I week 6 months 1 year 
Time 

Graz ing  intensity 
(bites per 5 0  cm* )  

Predation intensity 

Fig. 1. (A) Diversity, as measured by the 
Shannon-Wiener index H' (I2) ,  of noncoral- 
line algae on  settling plates as a function of 
exposure time to three treatments: caged, 
inside damselfish territories ( I n ) ,  and outside 
territories (Oilr). Each point represents a 
pooled sample of 21 plates i 2 standard errors 
(12). (B) Diversity after I year [same data as 
(A)] as  a function of the intensity of destruc- 
tive grazing by fishes [sample mean ?95 per- 
cent confidence limits, N = 63 per treatment 
(17)]. The algal assemblages in the cages do 
not occur naturally on exposed reef surfaces 
because the fish are always present. (C) 
Graph of the intermediate-disturbance hy- 
pothesis, showing that a keystone species can 
enhance local diversity either by increasing 
predation intensity from point I toward point 
2 (classic type), o r  by decreasing overall pre- 
dation intensity from point 3 toward point 2 
(reverse type). 

territories. The caged plates supported 
the greatest algal biomass of all three 
treatments ( lo) ,  but by the end of the 
year many had become overgrown by 
the red alga Tolypiocladia glomerulata. 
This alga alone had an overall relative 
abundance of 47.5 percent in an assem- 
blage of 17 mostly filamentous and foli- 
ose species. The plates exposed inside 
damselfish territories for 1 year showed 
a more diverse assemblage of mostly 
filamentous forms, such as  Centroceras 
clavulatum, Taenioma perpusillum, and 
Ectocarpus indicus, which together had 
a relative abundance of only 34.4 percent 
in an assemblage of 20 noncoralline spe- 
cies. Tolypiocladia accounted for less 
than 1 percent of the algae inside terri- 
tories. Thus, while diversity inside terri- 
tories had increased during the year, 
diversity within cages had peaked and 
then declined (Fig. 1A). The pattern on 
the caged plates was typical of predicted 
and observed succession in some forests 
and algal assemblages, where diversity 
decreases as an undisturbed "climax" 
state approaches (3, 14). 

The "intermediate-disturbance" hy- 
pothesis predicts that as the intensity of 
physical or biological disturbance (or 
both) progressively increases from zero, 
the species diversity of the affected com- 
munity initially increases and subse- 
quently decreases (3, 15, 16). At low 
levels of disturbance, a few dominant 
competitors are capable of locally ex- 
cluding most other species, and at high 
levels many local extinctions occur. Di- 
versity thus reaches a peak at an inter- 
mediate-disturbance level, where the co- 
existence of many species is maintained 
because their population densities are 
kept low enough so that resources do not 
become limited. When the results of the 
final I-year sample from our experiment 
are plotted as a function of fish grazing 
intensity (177, a pattern typical of inter- 
mediate-disturbance systems emerges 
(Fig. 1 B). Algal diversity reached a peak 
inside damselfish territories, where de- 
structive (holdfast-removing) grazing oc- 
curred at intermediate intensity. Grazing 
by the yelloweye damselfish itself appar- 
ently prevents any one algal species from 
competitively excluding most others, yet 
is not so intense as  to  cause many local 
extinctions. These results suggest that 
the yelloweye damselfish is a keystone 
species with respect to the diversity of 
algae on exposed shallow coral rock sub- 
strates in Hawaii. This pattern had been 
predicted for damselfishes in general by 
Montgomery (77, and also suggested for 
the effects of these fishes on sea urchins 
and corals (18). 

More important, in the context of the 
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intermediate-disturbance hypothesis, 
our study provides experimental evi- 
dence of a keystone species that en- 
hances local diversity by actually de- 
creasing the overall intensity of preda- 
tion relative to areas where that species 
is absent (Fig. 1C). Thus, two general 
kinds of keystone species exist. The first 
type enchances diversity directly by in- 
creasing disturbance from point 1 toward 
point 2 in Fig. 1C. Such predators are 
presumably prevented from normally 
driving the system close to  point 3 by 
density-dependent factors, although they 
apparently can do so  under certain con- 
ditions (16). The second type of keystone 
species enhances diversity not only di- 
rectly, but also indirectly by decreasing 
disturbance by other predators from 
point 3 toward point 2 in Fig. 1C. In the 
case of the yelloweye damselfish, this 
indirect effect is a result of defending a 
feeding territory against more intensive 
predators. 
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Slow Compressional Wave Propagation in 
Wet Human and Bovine Cortical Bone 

Abstract. Ultrasonic wave propagation in bovine piexiform and human Haversian 
bone was studied in the range 0.5 to 15 megahertz. A new longitcldinal wave was 
observed which traveled more slowly than the ordinary longitirdinal wave. The slow 
wave was associated with the dynamics offluid motion in the pores of bone. 

In two papers ( I )  published in 1956, 
Biot treated the problem of elastic wave 
propagation in a fluid-saturated porous 
medium. H e  showed that in addition to  a 
shear (transverse) wave, two dilatational 
(longitudinal) waves were propagated in 
such media: a higher velocity wave (des- 
ignated as a wave of the first kind) whose 
fluid and solid component amplitudes are 
in phase, and a lower velocity wave 
(designated as a wave of the second 
kind) in which these amplitudes are in 
opposite phase. Waves of the first kind 
are the usual bulk waves, exhibiting neg- 

ligible dispersion; waves of the second 
kind are highly attenuated. 

The slow compressional waves have 
been observed in sintered glass beads at  
ultrasonic frequencies by Plona (2) and 
in fluid-filled sands and glass beads in the 
audible frequency range by Paterson (3). 
Plona's results were confirmed analyti- 
cally by Berryman (4). Plona and John- 
son (9, in a follow-up study, demon- 
strated the existence of slow compres- 
sional waves in three fluid-filled com- 
mercially available porous structures as  
well. The commercial materials included 

Table 1. Slow wave amplitudes and velocities. 

Frequency 
AJAf 

V, (kmi 
Specimen (Mhz) sec) VsI Vf 

Bovine longitudinal 0.73 0.50 2.3 0.54 
Bovine circumferential 0.73 0.22 1.53 0.43 
Bovine longitudinal 1 .0 0.32 2.30 0.55 
Bovine circumferential 1 .O 0.22 1.53 0.44 
Human la longitudinal 1 .O 0.82 2.34 0.62 
Bovine longitudinal 2.0 0.12 2.32 0.54 
Human la longitudinal 2.0 0.53 2.34 0.62 
Bovine longitudinal 3.0 0.044 2.33 0.55 
Human lb longitudinal 3.0 0.058 1.89 0.49 
Bovine longitudinal 4.0 0.030 2.32 0.55 
Human lb longitudinal 4.0 0.042 1.88 0.49 
Bovine longitudinal 5.0 0.064 2.32 0.50 
Human Ib longitudinal 5.0 0.028 1.90 0.55 
Bovine longitudinal 6.0 0.0038 
Human lb longitudinal 6.0 

- 
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