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Two measures of habitat heterogeneity, plant spec1es m.unber and plar1t bio-

mass, are considered in relation to the species richness and abunda."1ce of inver­

tebrates inhabiting tropical sea-grass · (Thalassia testudinumY. meadows. Plant 

biomass is significantly correlated with both invertebrate species n~~ber and 

abundance, while the nurnlSer of plant species is not significaJ).tly related to 

either" of these facotrs. The significant correlation between pla."1t bicxrass and 

. r '? 
1nvertebrate species number is probably a result of the additional~steltered 

r~itats that are for.med among· the foliose branches of certain plant species 

w.~en they are very dense. The significant plant biornass-1nver.tebrate abundance 
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correlation is most likely due to the protection from predators that -:hick <-=:·--
1 

vegetation provides, as well as the greater plant surface area that is avail-

able for ha15itation in heavily· vegetated areas. The lack of correlation be-

~zeen plant species n'l.llilDer and either invertebrate species number or abunda."1ce 

supports the thesis that these tropical marine species are not specialized 

feeders on macroplants. This stands in sharp contrast to the highly specialized 

feeding haBits ascriBed to many ter.restrial herbivores in the tropics. 



/. ?:::'l.'"rB.ry concern of ecology is to determine why different .:xeas support 

:b ~ cies One of the earliest expla.'1ations involves differing Ji:ferent num ers o.~. spe . 

c~-n·c-h y,-:1 characteristics of the environrrent (Vlallace 1890); intuition dictates 
-...~ ... J.l...i. L.W...·~ 

. tha:t: a more complex environnent will support rrore species. In recer:t years this 

idea has been terTied the theory of spatial heterogeneity (Sirrpson 1964; Co:r.nell 

and Orias 1964). Mechanistically, complex environn-ents could support a diverse 

array of s:;::>ecies because they would rontain many resources capable of sustaining 

large m.:urbers of species. ( cf. :MacArthur 19 72 , pp. 177-179) • 

Tne rorrelation between habitat canplexi ty and species nurber hc.s been cbct.."T.ented 

for a wide variety of terrestrial organisms including birds (V.:acA:c·-..:-•1..:.r a'1d !':ac-

.A.."'thur 1961), mammals (Simpson 1964), lizards ( Fianka 1967), insec~ C-!\.:rdoc.'·1 

et al. 1972), and plants (Johnson and Sirnberloff 1974). In the marine e.'1vironrr.e:nt 

Pbe:e (1974) demonstrated that over a wide geographical range the mrrber of shallcw 

vlater d..;:capod species is a function of substrate canplexity. Korm (1967) found a 

sLmlar relationship for gastropods of the genus Conus. In general, hcwever, lTI2.I'ine 

habitats have been poorly investigated with regard to this pheno:rrenon, especially 

when tt"e habitat ooinplexi ty is corrprised of living organisms. 

Tt:.e seagrass habitat, which is widespread throughout tropical and temperate 

lati n:.C.es cmd exhibits varying degrees of complexity in relatively small areas , is 

a ccnvenie."1t system for investiga~ing habitat heterogeneity in marine enviro::-:r:·e:-:ts. 

In tld.s study we discuss the relationship between habitat romplexi ty c:.nd bot~ the 

m.mber of species and the nunber of individuals of epibenthic invertebrates living 

L"""";. subtidal seagrass Jreadc:Ms. 

ME'IHODS 

A qua'1tification of habitat heterogeneity should reflect those aspects of t~e 

enviro:lJ':'.ent whic.'1 are irrportant to the organisms being considered. In a gi Ve."1 area, 

heterczer:ei ty is usually defined in terms of the structural (physicaJ ) complexity 
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of ·:J:C: e:1Viron.rrent (£· e· !-'lCicArthur and MacArthur's (196}) "foliage 

:.E:ir,ht diversity" and Abele's (1974) "number of suJ?strates"). Here vie consider 

two rrcast.:..res of heterogeneity: plant biomass and plant species nurrber. 

Plar.t biomass should represent structural corrplexi ty because the dense sta..-·1ds 

of seagrasses and algae, which provide habitable spaces for invertebrates beleN; 

a.11ct'between their leaves, are heavy (i.e., contain m:::>re plant bio:rass) relative 

to structurally sirrpler stands. Plant species number would. be a reaso:--.able 

rreasure of habitat heterogeneity if tropical plant-eatinginverte~rates behave 

sir.d .. larly to r..any tropical phytophagous insects, which are specialized on only 

cr:e or a few plant species (Janzen 1970). 

Study Areas 

Six sites off the coast of the Republic of Panama, located less t'1a.'1 one km 

fro.rn the Srri thsonian Trq:iical Research Institute's G3.leta Marine Lab, were chosen 

in an effort to sa."Yple a spectrum of shallcw water vegetat~ ve habitats ( Figt.:...re i) . 

Plant species ~;hic'1 exceeded one gram of wet weight per 0. 25m2 sa.uple at any of 
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the six sites included the marine spennatophytes Thalass-ia. testudinl.Jf:l and Syr~'1R;Oeium l.' . f 

filifonre; the calcareous green algae Halirredia optmtia, H. incrassata; Penicillus · 

p:vriforrris, a"l.d Udotea flabellum; and the filamentous green alga CladoDhora fasci-

cularia. The follcwing is a brief a,pcription of the vegetational characteristics 

at each site: 

Site 1 - A mixed stand of dense grcMths of I: testudinurn and H. optmtia, 

with a small arrotmt of P. pyriformis. 

Site 2 - An almost pure stand of T. testudinum with a small arrount of 

P. pyrifonnis. 

Site 3 - An aJ.rrost pure stcmd of§_. filiforrre with a sr.all arrount of 

C. fascicularia. 

' -~ ·,, 
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~· pyrifonnis, with smll a.rromts of.~· filifor.re c.r:d ·:_:. !""la:::;0;:~:. .• 

Site 5 - A pure st~~d of ~at-like growths of H. opuntia. 

Site 6 - A mixed stand of H. opuntia, H. incre.ssata, f.· pyri:'or:.is, ar.d a 

smll a.rrount of U. flabellum. 

Each site was located between 20 and 50 meters offshore in one to t',;o .rr:e-::e:cs 

of water. The substrate at all sites was composed of muddy scmd wit"'. fragr;12:;:":::s 

of Hali2'::eca spp. leaves. The tidal range in this part of the Caribbean is srra.::..: 

(less t'1~~ 0. 5 m, Dept. of Col'I'U!'erce Tide Tables, 1975) and none of t'1e sites is 

ever e:-.-posed at lew tide. Salinity fluctuated between 18 and 34 ppt duri."1g the 

sa"rp:ing period due to the inf-luence of seaspnally heavy. rains. Tnese fluctuatic:-;s 

in salinity did not noticeably correlate with species changes during the period 

of this study. 

S&Jr.DJing orocedu..re 

Four sarrples were taken at each of the six sites during Octobe~November 

1974. Each sample consisted of all the epibenthic macro-invertebraTes &id vegeta­

tion ir-. a 0.25m2 area, re.ndanly selected within sites. At the 'tirr,e of'sampli.r:g 

each. area was seale~ off with a covered 0. 25m2 wooden box. Jhe legs of the box 
. 

'>'lere driven into the substrate to prevent the escape of any anirrals, and a srrall . 
mesh net (ca. 5mm.. ) was inserted through an opening in the top of the box and 

swept through the water column to obtain any natant invertebrates. The cover of 

the box was then rerroved and the vegetation and TBJIB.ining invertebrates were 

remved by hand. Only those animls and plant parts which were on or above the 

substrate were collected: Infaunal invertebrates were not taken nor was any of 

the root or rhizome system of the plants. 

In initial sampling efforts, lnrge quanti ties of formaldehyde were released 

inside t"le sa.;:pling box to disable the invertebrates and ensure their captu.."'e. 

HCNJever~ replicate samples indicated that the ·formaldehyde did not en."t1ance . sampling 



effecti vcness and since this tedmique was both cumbersorre and expensive, it was 

discontinued. 

FESULTS 

The biomass of plaJ1t species and the abundances of invertebrate species ta"<:en 

in eac.'l. sanple are shown in Tables 1 and 2. Both pararretric and nonpa.rar.etr:.c 

o:n:.,..relation coefficients and their levels of significance, deterrrined :or. al:!. 

rreaningful combinations of the variables plant species number, p:!.ant biomass J 

i:wertebrete species nur.ber, and invertebrate abundance) are sho;.m i11 Table 3. 

Figures 2 and 3 illustrate. the relationships arn:mg the variables that are signifi-

ca~tly correlated. 

The correlations in Table ·3 indicate that one rreasure of habitat heterogeneity', 

pl<mt species nurrber, is very weakly related to invertebrate species nurrber a"'ld 

abund3.."1ce, whereas plant biomass is very strongly and highly significa'1tly 

related to both these factors (see also Figures 2 and 3). 

DISCUSSION 

One potentially confounding effect in this study, that numbers of. inverte­

brate species might' be differentially available arrong sites, can be dismissed at 

the outset. futa collected over a one year sampling period have shown that a:!.l of 
• 

t'l.e species collected in this study ·are present at all the sites dur.L~g some part 

of the year (Heck, in preparation). Accordingly, we now assess the different 

aspects of habitat complexity as they relate to the invertebrate fauna. 

Pla'1t Species Number 

If tropical herbivorous narme invertebrates specialize on or.e or a few pla1t 

species tr£ species richness of invertebrates in a given area should be roU&"lly 

proportional to the number of plant species in that area. Althour;.'lj it is widely 



<et2.ilec stt.:dies on t.'ie feedinr.: habitats of rr:ost of the ·orp:.=1nisr::s ccnsj cered 

. h . f . ,. . 1 • • ., m this study have not been done. Ha-Jcver, wunp tJ e 1n omat1or. v!.Uc.: lS awn_~.,. 

able c:r:1C. extrapolatinr: from c.ata on closeJy rt'lated species, v.te apr~e that tr.e 

species listed in Table 2 apparently oo not depend directlv on rc:otec1 r.;:cr0sconic 

vcr;eta tion for most of t'ieir food SU])Dl y. Rather, thev seer. to [:e generalized 

detritaJ. feecers and/or unspecialized p;razers of the epibiota p;ro-:iJ1p: on the leaves 

of t'lc rr:acroplants. For exa.mrle, our stomach analyses of the xar.t'lid crc>.t 

f'aT'.Of'eUS occicontalis and the rraiid crab t1ithrax forcc~s sha-:ec t"r)at scvcra.l 

srecies of epiphytic algae, seap;rass particles, and Hal5reca spr-. frapPents are 

eaten. The gastropods Ce:rithiurr~ ehurneur1 and r-~o(luJus ncx1u1us p:raze on epihiota 

(Jackson 1972), and .the hippolytid shrlinp. Thor fl0ridanus !'rol"-al1l" foes also 

(cf. Kikuchi's 0966) storrach analyses of severa1 species of hir)pqlytid shri:r.-:r.s). 

\<!e have o!:>served the hemit crabs PaPUYUs bona3rensis, Papurj stes lir:<:nens:is, _ 

and Clibir:arius a.TJtiJ Jensis apparentlv indisc:r:i.mina.tely rrazing t~e enibiota of 

rnacroplants, suc.'1 as T. testuc'linum and II. onuntia, aTJd Calcinus tiJ:)j cen is Y:na;·:n 

to graze epibiota on harg surfaces (L. G. Abele, personal C0nJTlunication). ':he 

snapping shrill.p 1\lnheus amiJlatus is k:no,.;rn to feed on alpae and to take prev 

(Hazlett 1962), and by analorv so would P. .• vjricirL 'lhese aJpheids rroral,lv 21"'<' 

• also detritivorous since some of their con~cners have been found to cons~:e ce-

tri tal ::at erial ( G:lum and Heald 19 72) • The oorcelJanid crabs Pctn::J isir'!-':Ps Zl.IT'a tcs 

and E.• palathinus are filter feeders a.nd Fasd oJa:ria hunted and the 1.:nidenti:iec 

polychaete are o.arnivorous and hence not relevant to this discussion. 

In surnrrary, these marme invertebrates as a yroup ap-rear to feerl m c:uite a 

different r.anner than do tropical phytof'.haeous insects and rr.ay actuallv be r;ore 

analor;ous to soil arthropods in their trophic relationshit:--s to rlants. 'TI1e l2ck 

of sir;nificant correlation between Plant soo_ .cies m.nnt.er anci inverter".·""''"'te s · _ _ ~ "' _ - peCles 
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nm.Der agees with the accepted idea that these organisms are not specia.J.izec 

on par+-..icular rracroscopic plant species. We t'1erefore discard the hy;ott.esis 

t'1at plant species nurrber is an adequate representation of the habitat hetero-

· genei ty in the study areas. 

Pla!t BiOI:"2SS 

We believe t'1at plant biomass is a good indicator of the strG.ctural ca'TI­

plexity of t'1e enviro:nrrent with respect to the species Ji.ste9 ir. Table l. ':his 

is due to the fact that the mat-like growths of Halirreda opuntia and thic..\ly 

vegetated sta.1ds of T. testudinum provide many living spaces amo::J.g their 

closely packed leaves and are relatively heavy compared to other· s~cturally 

simple stands. 

Given that plant biomass does reflect physical complexity, vle conceive of 

four possible, although not mutually exclusive, mechanisms by which vegetational 

co;·:-~lexi ty might affect invertebrate species nunber and abundance, and consider 

them in turn. 

(1) Food availability. If food were in short supply sites containing large 

plant bior:'..asses mig,"'lt provide relatively high food levels, thereby allo~-.ring 

increased m . .rrrbers of individuals a.1d pernaps additional Species to ir.habi t s ua.'1 

a.....veas. Since it is unlikely that p~~tan is differentially available arrong our 
' 

sites because ·they are contained in such a small area, increased food availability 
' . 

should not be a factor influencing those two plankton feeding species in our collec-

tions. The rrost importa"1t estimates of food availability in the study areas would 

be t'1e arrot...."1t of detritus and epibiota present sinc::e, as discUssed earlier, rrost 
. . 

of the invertebrates ·are considered to be detrital fee de~ and/ or to graze 

epibiota. Previous characterizations of grass bed areas (Jackson 19 72 ; ~arm 19 72) 

wit:'1 i·Jhic."l we agree, have held that 1etrital material is super-abundant. ··Epiphytic · 
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algae 2.;;d rric...v-oorga..'1isms thickly cover the m:1croscopic plants at eac.'1 of our 

s~JCy sites, even at the site of lowest biomass. It is not possi~le to ceter:.ir.e 

just how much of t'"le detritus and epibiota is truly "available" to t..'"le inverte­

brates (cf. the H~rston et al. 1960) ~Murdoch (1966) and llir~c...,_,. and Birc.h. 

(1957) debate} and we can reach no firm conclusion on this point. It is our opinion 

however t"lat food J..imi tation is relatively unimportant to indi vid:Jals of th.e species 

being considered here. 

(2) Additional habitats. I:ensely vegetated areas ca"1 also create new hab-

itats by providing protected living spaces for cryptic species a;.ong ~he foliose 
. 

bra""lches of Hal.i.r:'eda sup. and between and under the dense T. testudi:-,u."":l leaves . .;..;_ _ __,;..~ _.._ 

Thus, increased physical complexity can effectively create new habitats. Evidence 

that heavily vegetated areas do actually provide additional habitats is given by 

the presence of alpheid shrimps and porcellanid crabs only in suc.'"l places within 

our sarrpling sites. These aniiJ'1alS are cryptic and normally occur under rocks and 

coral rubble, or in sponges or burrows (Abele 19 72 ; Nolan and Salmon 19 70) • In 

O:..rr' densely vegetated areas t'"ley occur among the closely packed T. test'.Jdinu.a 

blades or a'Tio.'1g the Halirreda spp. branches, which are suitable substitutes for 

their sheltered habitat requirements. 

( 3) Increased living space. Populations of resident species may be larger 

m densely vegetated areas simply because these areas contain rrore habitable space 

tha'1 less densely vegetated sites: Thus, more plant leaves in a given area may 

siJ1lply provide more living space for individuals of invertebrate species to i.'"l.h.abi t 

and, from the species' point of view, these areas would be larger than less 

heavily vegetated sites. A similar kind of effect has been found to operate 

' a"TT:1g decapod crustaceans associated with several species of corals (Abele, 19 76). 

In t"lis case indiv.i-dual coral heads that were most rarrose, effectively offering 

rrore li viJ1g space to cOJ'l1l'rensal crustaceans, supported larger populatio:1s than· 

coral heacs with fewer branches. 

... ". 
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(4) Fish :;:n~dation. Coral reefs adjace.'1t to seagrass meaclCJ..Js ho.~bor a grC1 .... :p 

of predaceous fishes t"lat routinely forage over the grass flats at nigh""t.:,··but 

shelter on the reefs during the day (Randall 1963; Earle 1972). TI-.us, in acidi-

· ticn to a resident grass bed fish fauna there is another grot.rp of species that 

preys heavily on rr.any o:m:ron grass bed invertebrates, ir.cludi.'1g tr-.ose collected 

in this s t'udy (Randall 196 7; Starck and Schroeder 19 71) . Because --::.~ere a."t 

several reefs adjacent to our sampling sites (Figure 1), we expect t'-:a-r heavily 

vegetated areas would provide more protection from visually seara~L'1g fish predators 

than would spa...rsely covered areas, thereby. accounting for larger ?Opulation sizes 

in .areas of pla'1t biomass. The large nurrber of cryptically colored species in the 

sea grass meacbws, including several species of decor?-tor crabs, inGicates, albeit 

indirectly, that predation may be important there. The irrportance of predation 

by reef fishes in shallow tropical seas has been previously stressed by 3a1rus 

(1964, 1969) in relation to the preponderance of toxic and unpalatable r,arine · 

invertebrates in the tropics. 

SU1MARY AND CONCWSIONS 

He have sho;.m that the nunber of plant species in a gl ven area is unrelated to 

epibent'"'Lic invertebrate species m..lrrber or abundance. Plant biomass is signifi-

ca.."1tly correlated with invertebrate ~ecies nurrber, rrost likely because of the . 
additional sheltered habitat types that are fonred in densely vegetated areas. 

... 

The significant plant biomass-invertebrate abundance relationship appea.rs to be both 

a result of t"le protection from fish predators that dense vegetation provides and 

of t"le additional living space available in such ar'eas. 

Presently we a..~ designing experiments to test directly the mechanisms g~-.1-

emti..:"':z the strong correlations between plant biomass and invertebrates species 

nu;ber and abundance. The necessary experiments are conceptually straight forward 

b~t will be bot"'l time consuming and logistically difficult to carry out. 
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TAJ!LE 1 

Biomass (wet weight) of plant species collected at each.of thE' sampling sites 

.Site: 1 2 3 4 L_ 6 ------

Sample: 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 -4 1 2 __ --3 -4 ---y= __ _?-- 3 _4-

Cladophora fasdcularia 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Halimeda incrassata 0 0 0 0 0 0 0 0 0 0 0 0 ~ 12 0 13 0 0 0 0 0 0 0 0 

. 
Hali.meda opuntia 

---
1581 1540 563 2084. 0 0 0 0 0 0 0 0 0 34 0 0 718 716 725 660 0 25 20 29 

• 
Penicillus pyriformis 18 34 36 4 0 0 1 0 0 1 6 0 2 5 8 4 0 0 0 0 11 0 4 5 

Syrin~ium filiforme 0 0 0 0 0 0 0 0 78 121 78 58 2 0 0 0 0 0 0 0 0 2 0 0 

Thalassia testudinum 62 44 79 33 156 257 190 166 0 0 0 0 49 105 50 41 0 0 0 0 0 0 0 0 

Udotea flabellum 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 

,. 

'· 

•'( 

_, 

----------~---~---------
L. 



TABLE 2 

Abundance of invertehrate species col1Pcted at £•ach of the sampling sites 

Site: 1 2 3 
---·-~---··~-·---------------

4 5 _________ _§ _______ _ 

Sample: 1 2 3 4 1 -2--~j- 4----=r -~--3-~,--____ ! 2 3 ___ !! ___ -_--!_ 2 3 -~--- __ _1 __ f~ __ L_=I= 
~r:_mi,!_latus 0 0 0 0 0 000 00 0 0 0 0 0 0 0 4 3 0 0 0 0 0 

_!!_rheus viridiri 0 1 1 10 0 0 0 0 0 0 Q____Q 0 0 0 0 0 0 0 0 0 0 0 0 

Ca1cinus tibicen 2 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Ceritheum eburneu~ 118 0 4 0 45 15 6 9 25 8 23 12 28 31 18 12 0 0 0 0 1 2 3 4 

Clibinarius· anti1lensis 23 0 1 5' 0 000 00 0 0 010 0 000 0 0000 

Fasciolaria tulir.a 0 0 1 0 •o 0 0 0 o__o_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Megal_()_l:>_!_<~_chiu_lll__po~!____ __ O ___ 0 __ ~__9 ___ 1 ___ 0 ____ 0 _Q ___ O _ _ 0 _Q __ O 0 0 0 0 0 0 0 0 0 0 0 0 0 

Mithrax forceps 

Modulus modulus 

Paguristes limonensis 

Pagurus bonairensis 

Panopeus occidentalis 

5 

0 

106 

0 

10 

5 2 7 

0 1 1 

5 20 32 

0 0 0 

7 5 15 

0 0 0 0 0 0 0 0 0 0 0 0 1 0 2 4 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 -----
33 7 2 3 0 0 0 0 6 11 3 1 0 0 0 0 0 0 0 0 

o o o o o o o o o o o o 2 ~ 5 11 o __ _Q__Q o 

0 0 0 0 0 0 0 0 4 0 6 11 4 84 4 0000 -----
Petrolisthes armatus 0 1 0 9 0 0 0 0 0 • 0 0 o o _Q __ g_ __ _Q_ __ _!!__4_-_ _] ____ s_ _ _Q_ ____ o __ o_ _____ g_ 

Petrolisth~s galathinu_!'; 24 24 7 41 0 0 0 0 0 0 3 0 0 0 0 0 ·------··-
3 ___ 2__fl ___ 5_~_o ____ o ____ g _____ o_ 

Thor r.1a mr.:Lr!Dl. _________________ Q ------ 1 o _g ______ Q __ Q___o __ Q ______ o ____ o ____ o_ ____ o_,.:_ ___ o ___ () _______ o ____ () ______ c 0 0 0 0 0 0 () 

UnidentHi_cd polys_~:'!'.£.~ ____ 0 0 _ o o __ _Q__Q____Q___Q_ ___ _Q_ ___ o _______ o __ Jl ___ o ____ o ____ o __ o ____ o ____ o_ -~g_ __ 0 1 0 

',) 



Table 3 

l.htrensfomed log-tra..'1sforrred 
I I I 
1 JNV SP # TIN ABuN nrv SP # ! I':N ABCJ I i 

! t)IAi'U i ' 
BI0~1 • 8593 -,':-.';,'~ .6383 ,·:~'c,': • 8435 -..,'::~':;': l ,__,~~n ':11: ... ·:.,': 

Pearson ! 
• 0'-tvv 

I I 

"r" \ ?IA\'? SP # .0957 N .S. .2133 N.S. . 0526 N.S. j • 0 355 ,\;. s . 
I l I 
i 

Ken call I PIAlti' EIOM .6134 ~'n'n': .4762 in': .6134 --·=~':-·; I • 4762 .._.,.,., 
\ ,, 

'f'" ! I I PIA"'T SP # .1432 N .S. • 279 N. S. .1432 !\J. s. i . 279 ?-!. s . 

I 
-

** = p <.· 02 

N = 24 

Jable 3. Parametric and nonpararretric correlation coefficients and their levels of 

significance for both untransfomed and log-transfomed data . 

• 



LEGEND FOR FIGUPJ:S 

· Figu...""'e 1. ~.a? of Panama (mset) and the study sites. The location of coral 
reefs is indicated by scalloped lines just seaward of the land 
botmdary. 

Figure 2. Plot of the logarithms of invertebrate species number (ordinate) 
vs plant biorrass (abscissa). 

Figure 3. Plot of the logarithms of invertebrate abtmdance (ordir..ate) vs 
plant biorrass (abscissa). 
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