
REVISTADWBIOLOGM
RE'VISTA BR,ASILEIRA E PORTUGUESA DE BIOLOGIA EM GERAL

VOL. l0 tg74-tg7g N.o" t_4

EDITORES

C. CHAGAS ; A. DE B. MACHADO
INSTITUTO DE BIO -FISICA MUSEU DO DUNDO
AVENIDA PASTEUR, N.o dbE

Rro DE JANETR. L-Jil"-?orn

F. M. CATARINO
INSTITUTO BOTANICO

FACULDADN DE CIOUCNS
DE LISBOA

LISBOA . RIO DE JANEIRO



COLONIZATION OF MACROBENTHIC COMMUNITIES
ON ARTIFTCIAL SUBSTRATES

by

'o" ^ *."1'i['l'51 h^;.'Ei"']i,3**'o*'
Department of BiologY,

Virginia Polytechnic Instltute and State University
. Elscksburg, Vit'ginia

R.tr,,|/od ,7 July l{15

ABSTRACT

A series of 3o artificial substrates were anchored in the North Fork of the
Roanoke River for 30 days to check the hypothesis that the colonization of artificial
substrates for macrobenthos in a freshwater streem follows the MacArthur-\Tilson
Equilibrium equation as proposed for island faunas. I,rnmigration rates and extinction
rates fol'lou'ed the sirnple exponential as proposed by MacArthur-S7'ilson. Extinction
rate equaled colanization mte on approxi.mabely day 22. Diversiry indires decreased

throughout .the study period and suggcted that the com,rnunity stability on the arti-
ficial subatrates was precluded by the lack of diverse habitats. Colonization of Dipera
larvae irrcreased with time, while colonization of Trichoptera, Plecoptera and Col'eoptera
reacJred a maximurn on day 10. This sequenc€ appeared to be affectcd by the silta-
tion of the substrates through time.

INTRODUCTION

MooN (197t;1940) and WrNs and \hcrurr (tl4o) were the first
to use artificial substtates to collect macro'benthos (in: Hocurr, 1974). Since
then, many oth.er aqthors have used various type.s of substrates to sample
stream invertebrates (Bntm, 19!5; CaurxnoN, l96L; DtcKsoN, Calnlrs and
AnNoLD, 1971; D,rcxsox and CJtRNs, 1972; FurtNrn, 197L; HENsoN, 1!61;
Hrsrnn, a$d DsNpv, Lg62; Hocurt, t974; }Io:rr, L962; Sruuotls and

(1) Appalachian

Studies, University of
Environmental Laboratory, Center for Enpironmental and Estuarine

Maryland, Frostburg, Maryland.
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'WrNltnto, tllt)..For a description of the different types of substrates used,
see Hocurr (1,974) and Sruuorqs and TfrNr.rrrn (Uzi).

. The purpgse of. ltrjs study was threefold. First, we aftempted to fit
colonization of ariificial substrates to the equilibrium model pioposed by
IvIacAnnruR and \7nsox (t96t) for island iurrnar. In so doing, bu *r.
duplicati'ng ft:-y,ofk of DrirsoN and camNs (tltz) who founl the colo-
nization of artificial substrates fit the model ut p < .zs *tttr 7 df. Secondly,
we wanted to determine if this relatively p"i rit- was due to some other
Ptrytr..o.ntro-llgS colonization (i. e. anoihir model) or whether it was due
to the lack of diverse-habitat offered by the at.tifiial substrates. Final,ly, an
attempt was also made to determi'ne trends of colonization for the most
abaundant aquatic insect orders.

METHODS AI{D MATER,I,TIS

Thirty artificial substrates were anchored in a riffle section of the
North Fork of the Roa,noke River, Montgomery county, virginia. Each
substrate consisted of a Bar-R.e chicken basket ii[ua *iit, 2oZX4 inch
sections of-3M Coqporation's 200 cons'ervation webbing. The substrates diffe-
red from those used by DrcxsoN and CalnNs (lg7z)-in that their subsrrates
wer€ not enclosed by a basket. \fle had hoped thai the use of the chicken
baslcet would stabilize the habitat offered by the conservation webbing. All
samples were a,nchored on 1.1 April, 1974. Five substrates were removed
every five days for a period of 3o days. After r,emoval, the entire substrate
qas preserved in 4o percent isopropanel and taken to the laboratory. on
each- sampling day, one three minute rkick sample was tatr<en with a stan-
dard D-fr'ame kick net. All otganisms wrr. soit.d and identified to taxa.

The total number of species, the number of new species, the number
of recurring sp,ecies, and the number of species eliminated were recorded
for each sampling period. New species wire defined as those w,hich had
never occumed before; r.ecurring species, as those which were eliminated,
but subsequently reappeared; and spgcies eliminated as those which occurred
in the previous sample, but were no,w absenf. Colonization,rate was calcula-
ted as the number of 1ew _species plus the number of recurring species
divided by th* time in days behveen sampling periods. Extinction 

-rati 
was

calculaled by dividing the number of species eliminated by the tirne in days.
Since it is impossible to continually observe colonization and extinction, ihe
five artificial subsffates for each sampling period had to be grouped for
the calculation of colonization and extinctiol rate. The above definitions and
methods follow those used by DlcrsoN and Cnlnxs (tllz).
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In addition, diversity indices were calculated for each sampling period
(d_-, tUfruru and Donnrs, fqOA). Diversity indices were plotied 

"g"insi 
tirnu

to detrermine how diversity changed wilh time. Finally, the most abun.dant
aquatic insects were grouped by taxanomic order (to increase sample size)
for each period and their abundance was plotted against time to determine
any group specific trends of colonizaiion.

RESULTS AND DISCUSSION

Tlhe artifical substrates resu'lted in the colleclion of a total of SSIZ indi-
viduals r,epresented by 40 taxa (,Table 1). Ki& samples produced a total

TABLE I - Number of spedmens of each taxa captured wlth artificial subetrates

from ll April -ll May,.1974

Subsample
Day

c
5

BC
10

CD
15

Annelida

Ephemeroptera

Epbemera

Stenonema

Iron
HePtagenia
Isonycbia
Epbemerella
Pseadocloeon

Paraleptopblebia
Baetis

Amelelts

Plecoptera

Pteronarcls
Peltoperla
Memosra
Isoperla
Isogetu
Chloropeila
Alloperla
Parapeila

J 10 8

10 27 26

113
3 47 10

u6
t3 l

1

42

18129
L9 t5 27 39 26

5]1
7 65 42 4626

1

lt 8 6 L3

32j

11 g

rcn 44

1

1

14,

6

2

4

r9
930

,1
2t 11

117

4

1

9

2

1

649

9

I
1

t

7

I
2

2

I
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TABLE t Comkrued)

9ubsrmplc A, B C D E A B e D n A I e D p
Day 6. , t0 l4

Tdcfio!fiera

Hydrcpcycbidae 4 9 6 12 5t7 19 I I I j ll
Rhyacophitidacrlllll
Philopotamidae I I
Prychomyiidae I I I
Limnephilidae

C-oleoptera

Eloidae 6 t,2 21I t 30 }Ili t,
Dryopidae I I I
Hydrophilidae I

Diptcre

Tipulidac I
Chironomidae 111 4 ,2 t, 26 49 t2 49 46 Z iO t! ltl
Enpididae 1

Simuliidaetttlj

Odonata

Agion l . I

Megaloptera

Corllalrt

Gastmpoda

Gonikttis 1

Pblta

Amphipode .
Ganmt$

Decapode

Caab*ru .

Pisccs

Cotrct Baidt
Notrlrss

AnAhidil
EwX*a I 1 1
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TABLE I (continued)

Subsample A B C D t A E C D It A B C D E
Day 20 it6 A0

Annelida

Ephemeroptera

Epbeoura
Steaonema I , I tz t.6 4 I \ ,6 lo lo
Inn
Heptagenia I
'Itoaycbia4tj2t4tTrlI
Ebhenerella 3 , t4 tt A 2i 46 tt i7 63 46 I 47 t6 28
Ptettdocloeon 2
Pataleptophlcbitrrt2tl
Baetfut744283ttit0llLt|l18
Amelern

Plecoptera

Pterotucyt
Peboptlal2t2t2
Nemocra I 3t2 I tr?99 ) 4 4 r
ltoperlatlll
Itogenu 4 i 5 10 I Z J 7 3 I 2

Cbloroperlatz4214i71261
Alloperla 2 2 1

Paraperk , I t , 4 j .t. 7 2

Trichoptera

Hydropsychidae
Rhyacophilidae
Philopotamidae
Psychomyiidae

Limnephilidae

| ,9t2 1 1 1 I
1

2

211

21

Coleoptera

Elmidae
Dryopidae
Hyarophilidae

) 7 I I l0 2 11 1 J 2

1
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TABLE 1 (continu,e{

$ubsrmpte
Day

BCD
20

ABCDEABCD)r:
25 30

faxa

Diptera

Tipulidae
Chironomidae
Empididae
Simuliidae

Odonata

Agrion

Megaloptera

Corydahs

Gastropoda

Goniobaris
Pbysa

Amphipoda

Gammdras

Decapoda

Canbaras

Pisces

Cottus bairdi
N otaras

Amphidia

Earycea

1

26 26 84 67

1

1

267 267 I z8 Ztj
L6
1

t2

rr9 269 242 238 166

4r
I

2

1

21

39

2

2,3t

I

24
24

o! tfA! organismp represented by 35 taxa (Table Z). Fnosr et al. (tllt)
shorlrled that thrpc one-minute. kick samples yield an excell,ent estimate of
the number of species pr€sent. A qualitaiive conaparison of the kick iampl'es
and artificial subotrate samples showed no drastic difference in the kinds
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TABLE 2 - Number of 3pecimene of each taxa captured with a D.fmme kick net
from tt April -il May, l9Z4

Dey 5 10 15 20 26 30

Ephemferoptera

Ephemera

Stenorenta

Iron
Heptagenia
Isonychia
Epbemerella
Pseadocloeon

Paraleptopbelia
Baetis

Ameletas

Plecoptera

Pteronasl,ys

Peltoperla
N emoara j

Acronearia

Isoperla
Isogenas

Cbloroperla
Alloperla
Paraperla

Trichoptera

Hydropsychidae
Rhyacophilidae
Philopotomidae
Limrnephilidae

Coleoptera

Elmidae

Psephenidae

Diptera

Tipulidae
Chironamidae
Empididae
Simulidae

{1 1

t37
11

lt 5 t2
221

1

22226274
,7 8t 47 rg5 46
152r
26
220 147:27

t

411
1

t2
411

2)1
1

3

20 28 17 69 23 L7

2

115
1

3r 29 19 54 rg
1

16321314
26 

'6 
38 ,37 t23 20

1 11 , 1

121
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TABLE 2 (continued)

15

H ydracarina

Mollusca

Goniobasis ssp.

Goniobasis ssp.

Pltysa

Pisces

Cottas bairdi
Rbinichthys atralatus

and numbers of organrsms collecbed. All invertebrate taxa collected in the
kick samples wer,e represented in the artificial substrate coll,ec,tion. Four
Dryopidae (Order: C"oleoptera) were found on the substrates but did not
aPpear in any of the kick samples. Other invertebrates not found in the
kick sarnples included Coryd.alus (Order: Meyaloptera), Cambaras (Order:
Decapoda), Hydrophilidae (Order: C-ol'eoptera), and .,\nnelida.

The total number of species, new species, r.ecurring species and species

eliminated are summarized in Table 3. Colonization rates (Figure 1) and
o<tinction rates (Figure 2) were regressed against the logarithm of time
in days as suggested by MacAnruun and 'WlrsoN (1g6i, i.g67) and
DrcrsoN and CarnNs (tllZ). Colonization rate equaled entinction rate
on approximately duy 22. Both regression Lines were more significa,nt
(p( U, df :41 than the values found by DrcrsoN and CarnNs (tllz),
(p{25, df-7;. A linear regression, second degree polynomial, third
degree polynomials fitted to the data for extinction rate, and colonization
rate all had a value less significant than 13. Again, these results agree with
those of DrcrcsoN and CarnNs (tllz}.

Regression analysis of diversity indices versus time in days (Figure 3)
indicated that diversity decreased w.ith time (p (.0t, df :4). If diversity
indices ar€ assuned to be an indication of commu,nity <<health> PATnrcK,
(1949), it would appear that the <<healtb> of the artificitl substrate decreased
through the study period. DrcrsoN and CalnNs (tllz) shorved that stabi-

IO



coLoNIzATION OF MACROBENTHI,C COMMUNTTTES 17

TABLE s-Total number of epecler, number of new specles, recurring specles, and species
ellminated, captured from ll Aprll -tl May, lg74

Day Total No.
of Species New Species

Recurring
Species

Speeies
Eliminated

5

10

1t
20

25

10

21

24

2)
2t

30

27

23

5

4

3

4

2

1

1

7

)

4

6

6
)

a.o

(
o
!
u

I t..'
o
!
g
F(
E

E "'o
F(
xi
o
J
0U t.g

Fig. 1 - Colqrization rate (species /day) of macrobenthos

colected with artificial substates.

lity of the macroinvertebrates on the substrates was transitory. They postu-
lated that the la<jk of stability was caused by the lack of diverse habitats
in the artificial substmtes. They related this colonization pattern to an
<<old-f,ield sucessioo>. A similar hypothesis (i. .e., lack of diverse habitat)
may also be used to explain a decrease in community health. Therefore, an
artificial substrate offering a more varied habitat may be more useful in
quantitative a,nalysis of macrobenthic communities.
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The five abundant groups of aquatic insect (order: Ephemeroptera,
Plecoptera, Tric'hoptera, coleoptera, Diiptera) were greuped iy ordei and
analyzd for colo'nization trends. An analysis of variance (p ( .o:, df - 51

Fig. 2 
- Extinction rate (species/dry) of macrobenthos collectecl

with artificial substrates.
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Fig. i , Plot of diversity indices

confidences limits for macrobenthos

versus time showing 95 percent

collected with artificial subsractes.
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showed that the second sampling period (day t0) produced the highest

number of both Plecopfera and Trichoptera. Ephemero'ptera were most

abunda,nt in sarnpling periods five and six (days 25-10). Sampling period

threc (day 11) accor:nted for the highest numbers of Coleoptera. The cono-

nization of Diptera (mostly Chironomid larvae) followed a linear regression

(Figure  ) (p(.0:, df :4). Simmons and'WtNnrern (1971) showed a

similar pattern of colonization for chironomid larvae.

Fig. 4 
-Colonization 

of Diptera larvae on artificial substrates.

Field observations indicated that ther'e was a gradual silting of the

substrates with time. This increase in silt may account for the large numbers

of Diptera and deoeasing numbers of Ttichoptera, Plecoptera and Cole'ptera.

Variability between repl.icate substrates was observed (Table 1). This varia-

bility was probably caused by predation, different sampler orientation to

current, andfor kind of prirnary invader. It is highly likely that if the

primary invader of a subsira[e was a predador such as a stonefly (Pel'

toperla) it r'etarded the succeful colonization of other species.
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CONCLUSIONS

1. The sampling of macrobenthic faunas with articial substrates recon-
firmed that colonization followed the MacAnnruR-TtrrlsoN equili-
brium equation for island faunas, as previously shown ,by DrcrsoN
and CanNs (tltz).

2. Diversiry indices, and, therefore, <<health>>

This phenomenon may be r,elated to the
offered by the artificial substrates which
ment of stable communities.

3. Analysis of variance showed that the second sampling period pro-
duced the highest nu,mbers of Tricoptera, plec,optetr""nd collp-
tera. Regression analysis furtlr,er showed ttrat itre abundanc,e of
Diptero increased through time. The a,bove phenornenou may be
partially explained by the gradual accumulation of silt on the arti-
ficial substrates through the study period.
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