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Abstract: Benthic macroinvertebrate community siructure was studied with respect to stream habitat type in (wo
lowland tropical streams. Three reaches along the Carbdn river and two within the Gandoca stream were chosen as
study sites in Talamanca, Costa Rica. Macroinvertebrates were coblected from four habitat types: leat packs in rif-
fles, cobble in rifftes, areas of sand in pools, and areas of gravel in pools. Communitizs were dominated by insects
in the orders Ephemeroptera (Thraulodes, Beetis?), Diptera (Chironomidae, Tipulidae), Trichoptera
(Hydropsychidae, Glossosomatidae, Hydroptilidae, Calamoeceratidae), and Qdonala {Progomphus, Hetaerina), Non-
insect macroinvertebrates were dominated by shrimps (Macrobrachium) and snails {Gastropoda). Functional feed-
ing group composition was dominated by collector-gatherers. In most reaches, both habitat types in riflles sup-
ported higher macroinvertebrate abundance and biomass than did habitats in pools. Leaf packs in riffles represent
an important habitat that is preseat year-cound in these aseasonal trepical systems. Community composition aad di-
versity were similar to that reported for other arzas of Central America.

Key words: Community structure, abundance, diversity, biomass, leaf pack habitats, rifile habitats, Telamanca.

A disproportionate amount of research on
benthic community structure in streams has
focused on cobble-riffles habitats, compared
with other habitat types, although a number of
studies in temperate regions have assessed
benthic community structure with respect to
substrate types (e.g. Egglishaw 1969, Minshall
& Minshall 1977, Rabeni & Minshall 1977,
Hawkins et of. 1982, Huryn & Wallace 1987).
It is now recognized that streams contain a
variety of habitats with different physical and
chemical conditions {Pringle et al. 1988), The
availability of habitats and the nature of their
faunal assemblages can be expected to change
among reaches along a river continuum. For
example, Palmer er al. (1991) reported that
specific macroinvertebrate assemblages were
not always associated with habitats in head-

water reaches, but were evident in middle and
lower reaches.

The distribution of benthic macroinverte-
bratas among stream habitats reflects, to some
degree, the distribution of benthic resources
(e.g. food, oxygen, predators) (Rabeni & Min-
shall 1977), and provides information about
how communities might respond to changes in
environmental parameters such as increased
sedimentation and changes in flow. Despite its
importance, few studies have been published
on the distribution of benthic macroinverte-
brates among stream habitats for tropical sys-
tems (but see Dudgeon 1982, Arunachalam e
al. 19913,

In this paper, we examined the distribution
of benthic macroinvertebrate communities
among habitat types in lowland tropical
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streams draining the region of Talamanca,
Costa Rica. We are not aware ot any previous
published studies dealing with any aspect of
the ecology of stream benthic communities in
this region (but see Paaby et al. 1998, this
issue). The objectives of our study were: (1) to
describe the structure of benthic stream com-
munities in Talamanca, and (2) to assess the
effect of habitat type on community structure,

MATERIALS AND METHODS

Study area: This study was conducted at the
Gandoca-Manzanillo Wildlife Refuge and
surrounding areas in southeastern Costa Rica
(82°43'N, 9°40"W) (Fig. 1}. The area is [ocated
in the tropical wet forest life zone (Holdridge
et al. 1971). At a nearby meteorological sta-
tion at Chase (10 km south, 40 m a.s.l), the
mean annual precipitation over a period of 19
years was 2 110 mm. Rain is evenly distribu-
ted throughout the year, with no clear season-
ality. At the same station, mean annual air
temperature ranged from 22 to 27 °C (Herrera

1983).
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Fig, [. Location of the study sites in the Caribbean low-
lands ot Costa Rica.

The Carbén and Gandoca rivers were cho-
sen as study sites. Sampling was done in three
reaches in the Carbén and two in the Gandoca
river. The main differences among reaches
were in stream order and discharge (Table 1).
Both rivers have catchments composed of
primary and secondary forest, mixed with ac-
tive pastures and areas of small-scale agricul-
ture. While riparian vegetation was present at
all sites, increased sedimeatation might be the
result of human activities, such as agriculture.
A detailed description of sites can be tfound on

Paaby et al. (1998, this issue). -

ivlethods: The five study reaches and all
stream habitats were sampled for macroinver-
tebrates in both December 1995 and May
1996. Stream discharge and water temperature
were recorded on both sampling dates (see
Paaby et al. 1998 this issue). Stream habitat
compusition was defined as: depositional areas
of sand (DS), depositional areas of gravel
(DG), cobble substrate in riffle areas (CR),
and leaf pack accumulations in riffles (LP).
The relative proportion of each habitat was
assessed for each site by making a grid (4 m in
length by the river width} with 16 sections,
and visually surveving the proportion of each
habitat inside each division. The mean habitat
proportion was used to weight the obtained
sample values.

Two random macroinveriebrate samples
were collected from each habitat type (DS,
DG, CR, LP), at cach site on each sampling
date. Samples were collected using a kick net
(350 pm mesh), and disturbing an area of near
I m?* of a particular habitat for five consecu-
tive minutes. To prevent build-up of debris
and loss of organisms, the net was emptied
into a bucket four or five times while sampling
and large pieces of wood, stones or leaves
were removed. All organisms captured and
small debris were preserved in 90% ethanol.

Macroinvertebrates were identified to dif-
ferent taxonomic tevels according to available
taxonomic information for each group. Noa-
insects macroinvertebrates were identifted
only to the class or order level. Among the
insects, several groups were identified to ge-
nus level using available keys: Ephemeroptera
(Flowers 1992), Odonata (Ramirez unpub-
lished information), Trichoptera (Springer
unpublished information), and Plecoptera
(Baumann 1984}, Diptera, Lepidoptera, He-
miptera, and Coleoptera were identified to
family tevel using Roldan (1988) and Merrict
& Cummins {1996), and separated into mor-
photypes. Chironomidae (Diptera) were iden-
tified as Tanypodinae and non-Tanypodinae.
Functional fesding-groups were assigned (0
each taxon based on Jackson and Swezney
(1995) and Merrict and Cummins (1996).

Macroinvertebrate abundance was obtained
by counting all individuals per taxon and ex-
pressing the results as numbers per sample.
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TABLE |

Characteristics of the study sites. Carbon River (Cl, C2, C3) and
Gandaca stream (G 1,G2), Talamanca. Costa Rica

203

Carbon River

Gandoca River

Cl Cc2 C3 Gl G2
Stream Order . | 2 3 | 2
Cmc‘hmcnl land‘u_se Forest/Pasture  Forest/Pasture  ForestPusture  Pasture Forest
Habitat composition {%%} :
Riffle habitats
Cobble 315 35 373 0 23
Leaf Packs i2s 5 23 25 25
ool habitats
Sand 375 3715 £23 73 23
Gravel 12,3 2.5 23 0 23
Mean walter
Temperature (°C) 27 27 26 23 24
Discharge (m3 /5) 0.93 4.5 33 <1 0.3
RESULTS

Macroinvertebrate biomass was obtained by
measuring body length (i.e., head to tip of
abdomen) of alt individuals of all taxa to the
nearest I mm using a dissecting microscope,
and then applying predetermined regressions
of length-to-weight relationships, resulting in
mg ash free dry mass {(mg AFDM)} per sample.
Predetermined biomass regressions were se-
lected for each taxon found at the study sites,
using known and tested regressions and selec-
ting those for the same taxa or of similar
body-shape (Smock 1980, Huryn 1986, A.D.
Huryn & J.B. Wallace unpublished data),
Equations in dry mass were transformed to
AFDM by assuming that 1 g DM = 0.9 g AF-
DM (Benke 1993).

Where necessary and appropriate, variables
were log-transformed (log [x+1}). Macroin-
vertebrate biomass and abundance were com-
pared both between and within habitats, and
between and within reaches using separate
one-way analysis of variance (ANOVA) pro-
cedures, using GLM procedure in SAS (SAS
1988). Orthogonal contrasts were defined to
assess significant differences between habitat
abundance and biomass. Diversity was calcu-
lated using Fisher's alpha of the log series
(Fisher et al. 1943) since it is independent of
sanple size and does not give excessive
weight to common species (Wolda 1981,
Flowers 1991). 1t also allow us to compare
with other studies in Central America (e.g.,
Flowers 1991, Pringle & Ramirez 1998).

Physical parameters: Habitat composition
was found to be different among sites. The
proportion of habitats in each site is shown in
Table |. Although, some variation was obser-
ved, DS and CR were dominant in most sites.
Discharge ranged from less than | m’ s in
first-order sites to more than 4 m’ s in third-
order sites. Water temperature varied around
26°C in Carbén and 25°C in Gandoca rivers

{Table 1).

Benthic community composition: Benthic
macroinvertebrate communities at all sites
were dominated by only a few groups of in-
sects: mayflies (Ephemeroptera) and true flies
(Diptera), and non-insect macroinvertebrates:
shrimps (Decapoda) and snails {Gastropoda).
Thraulodes (Leptophlebiidae) was the
dominant mayfly genera representing more
than 10% of total abundance and biomass in
the Carbén river (Table 2). Leptohyphes
(Leptohyphidae) and Baeris? (Baetidae) were
also collected in smaller proportions in the
Carbén river (Table 2). Mayflies were less
abundant in Gandoca (Table 2). Chironomidae
and Tipulidae were the most common dipter-
ans in both streams. Percent abundance of
Chironomidae was greater than 10% at all
sites, and represented 56% of all insects col-
lected at C2. However, Chironomidae biomass
was never higher than 2% at a single site
(Table 2). Larval Tipulidae were found in low
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TABLE 2

Percentage contribution of the main taxa to total habitar-weighted biomass (B} and abundance ()
{>223) in the Carbdn (Cl, C2, C3) and Gandaca rivers (GI, G2}, Talamanca. Costa Rica

Ci c2
Taxa A B A B

Collectoe-Filterers

Hydropsychidae 1.3 0.3 0.0 0.0
Collectoe-Gatherers

Baetis ? 3.9 [.3 6.3 1.6

Chironomidae 43.2 1.0 36.3 2.0

Decapoda 3.3 §3.5 0.0 0.0

Leprohyphes 153 6.0 4.1 4.4

Tricorythodes 0.0 0.0 0.0 0.0
Pecdators

Ceratopogonidag 0.0 0.0 0.0 a0

Corydalus 0.0 0.0 0.6 11

Erpetogemphus 0.0 0.0 0.0 0.0

Phyllocyela 0.0 0.0 9.0 76.7

Progomphus 0.4 43 00 0.0

Tipulidae 0.2 3.3 2.0 0.0
Scrapers

Gastropoda 0.0 0.0 0.0 0.0

Glossosomatidae 0.4 0.1 0.0 0.0

Thraulodes 214 10.2 217 9.3
Shredders

Calamoceratidae 0.0 0.0 0.0 0.0
Pyralidae 0.0 0.0 0.0 0.0

Total 93t 99.6 992 997

numbers (< 2%} but their biomass varied from
3% to 9% at sites Cl, C3, and G2. Caddisflies
(Trichoptera) were found at all sites in low
numbers. Hydropsychidae were abundant only
at site C3, where they composed nearly 8% of
the total biomass and abundance, Other fami-
lies were represented only at one or two sites.
For instance, the Calamoceratidae reached
high abundance and biomass only at site G2
(Table 2). Odonata were always present in low
numbers, and never reached high abundance
in any site. However, some large Odonata
make a large part of the biomass at some sites.
For example, Phyllocyela (Gomphidae) make
77% of the total biomass at site C2, but only
9% of the abundance {Table 2).

Among non-insect  macroinvertebrates,
shrimps (mainly Macrobrachium) were domi-
nant, comprising less than 0% of the total
abundance. However, large bodied shrimps
were collected at some of the sites, where their

C3 Gl G2
A B A B A B

8.1 7.3 0.0 0.0 0.6 0.2

30 1.6 0.0 0.0 0.0 0.0
30.7 0.3 13 0.2 4.7 0.2
4.0 44.5 0.0 0.0 - 3.6 730
3.6 32 0.0 0.0 I 6.1
4.6 290 0.0 0.0 .1 6.1
a.1 0.0 4.9 0.9 £l 02
a.1 t.8 0.0 0.0 Q.0 0.0
0.0 0.0 1.0 9.4 0.0 0.0
0.0 0.0 0.0 0.0 0.9 0.0
0.6 1O 0.0 0.0 .7 2.4

0.3 34 0.0 0.0 2.2 34

0.0 0.0 69.2 74.9 3.3 23
13.9 1.2 0.0 0.0 0.0 0.0
0.3 33 0.0 0.0 3.6 1.3

0.1 0.1 6.0 0.0 10.0 1.4
23 24 0.0 0.0 0.0 0.0
39.3 98.7 999 1000 8§43 100.0

biomass increased to more than 40% of the
total. Snails were abundant only in the Gando-
ca river; at Gl snails comprised §9% of the
abundance and 75% of the biomass of the
benthic community (Table 2). :

Effect of habitat type: Different stream
habitats supported different benthic commu-
nity compositions. LP habitats had a fauna
composed mainly of collector-gatherers (Chi-
ronomidae, Decapoda, Leptohyphidae), filter-
ers (Hydropsvchidae), predators (Odonata),
and at site G2 by shredders (Calamo-
ceratidae) (Figs. 2 and 3). The fauna in DS
habitats contained mainly collector-gatherers
(Chironomidae, Decapoda), predators (Pro-
gomphus) and some scrapers (Gastropoda)
(Figs. 2 and 3). DG habitats supported several
groups of equal representation, among them
filterers  (Trichoptera), collector-gatherers
{Chironomidae, Decapoda) and predators
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Filterers 64 Scrapers

Jdor ]

- 5.
6 Shredders 4 Gathe__rers

4- 304 ]'

mg AFDM / sample

21 -
Predators

14 -

LP CR DS DG LP CR DS DG

Habitat type

Fig. 2. Mean (+ | SE) biomass of macroinvertebrates functional feeding group {mg AFDM / sampie) in four habitat %pcs
wr, keaf packs; CR, cobble-ritfle; DS, depositional send: DG, depositional gravei) for alf reaches combined {1 = 5). Note
the difTerent scales in the vertical (v} axis.
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°] Filterers 45

Scrapers

301 I

15-

individuals / sample

LP CR DS DG LP CR DS D
Habitat type

Fig. 3. Mean (x | SE} abuadance of magroinvertebrates functional feeding group (indi»:idua[s / sample) in'i'our hai)ll"-;‘
types (LP, leat packs: CR, cobble-riffle: DS, depositional sand; DG, depositional gravel) lor all reaches combined (n = 2}
Note the different scales in the vertical (y) axis.
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(Tipulidae) (Figs, 2 and 3). CR habitats were
composed by large numbers of collector-
gatherers  {Chironomidae, Leptohyphidae),
predators (Odonata) and scrapers (Thraulodes,
Gastropoda, Helicopsychidae) (Figs. 2 and 3).

Total abundancé and biomass of macroin-
vertebrates differed among habitats within a
site. At the Carbon river both riffle habitats
had significantly higher biomass than the two
pool habitats, however, abundance was not
significantly different among habitars at Cl
and C3 (Table 3), in contrast C2 had signifi-
cantly higher abundance - of macrojnverre-
brates in LP (Table 3). Biomass and abundan-
ce in Gandoca stream were not significantly
different among habitats, however, only two
habitats were found at G (Table 3

TABLE 3

Mean abundance (individuats /7 sample) and biomass
(mg AFDM/ sawmple) for each siream habitar
samnpled at each sitz

Site Habitat Abundance  S.E. Biomass  S.E.
Cl LpP 1.93 0.69 a 78  0lda
CR 1.43 0462 139  04d1a
DG 0.81 041 a Q.76 0.39b
DS £.31 0.66a 043 030b
C2 Le 148 0.17a 0.69  0.69a
CR 0.46 0245 014 0.lob
0G 0.00 0.00 0.00 0.00
DS 0.16 G.i6¢ 035 03s5¢
C3 Lp 1.51 043 a 133 0252
CR 2.25 0.09a 1.9t 0.23a
DG 1.66 0.25a 069 042b
DS 1.23 0.63a 087 04699
Gl Lp 0.38 0.38%a 063 0.46)a
CR 0.00 0.00 0.00  0.00
DG 0.00 0.00 050  0.00
Ds 1.3 022a LBt 0223
G2 Lp .38 0.17a 129 0.67a
CR 1.06 0.07a 090 0.17a
DG 0.30 0424 334 033a
DS 0.77 0.152a 073 033

When data for functional groups were
grouped for all habitats, collector-gatherers
and scrapers showed the highest abundance
(Fig. 4), Collector-gatherers and predators
were highest in terms of biomass,

Biomass and abundanee data were also

12064 Abundance
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ﬂ
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@ I8 Biomass
a
E
3
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=
a
i,
< 40
o [
£ f ” .
0 = c4 i -

FiNe.m: Galh'erarl Pred'alqrs Scra‘peu Sh:eadeu
Functional Group

Fig. 4. Mean (= t SE) biomass (mg AFDM per sample)
and abundancs {individuals / sample) of macroinverte-
brawes functional feeding for all habitats and groups

reaches combined (n = 20),

TABLE 4

Species (5) and alpha diversity for the study
sites in Talamanca

Diversity

Site S N alpha SE
Carbon River

Ct 21 162 12.7 38

C2 it 9 - -

C3 32 331 39 0.9
Gandoca River

Gt 9 23 54 [.8

G2 22 35 13.3 2.9

S=richness, N=number of indiduals

weighted by habitat composition at each site
to compare different reaches. Significant dif-
ferences among reaches were found, with sites
Cl and C3 showing higher abundance and
biomass (abundance: ANOVA, P < 0.05: bio-
mass: ANOVA, P < 0.05) than sites C2, Gi,
and G2, which were similar among themselves
(Fig. 5). Comparisons of the reaches showed
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that species richness was highest at site C3,
similar between sites Cl and G2, and lowest at
site GI. Alpha diversity was different among
reaches, being higher at site C! and G2, and
lowest at site C2 (Table 4).

o 10 Abundance
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(% 73

i«

—_

o)

=

= !

= 254 b
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€ 75

W

= W0

o)

T

< 5] T [

g i1
ol . SRA B v lli

¢l cz C3 G1 G2
Carcoa Gandeea

Site
Fig. 3. Mean (= | SE} biomass (mg AFDM per sample)

and abundance (individuals / samgple} of macroinverte-
brates at zach stedy site, tor all habitats.

DISCUSSION

Prior to this study and that of Paaby er af.

(1998, this issue), to our knowledge published
studies of swream benthic macroinvertebrate
community structure exist for only two ather
regions in the Caribbean of Central America:
La Selva Biological Station in Costa Rica and
the northern side of the Caribbean slope of
Panamd (Flowers 1991, Flowers & Pringle
1993, Pringle & Ramirez 1998, Ramirez &
Pringle in review). While specific taxonomic
studies exist tor Central America (often based
on adults) (e.g., Hurlbert & Villalobos-
Figueroa 1982, Flowers 1992, Spangler &
Santiago-Fragoso  {992), the community
structure of stream-dwelling larval macroin-

vertebrates has received little attention. Taxo-
nomic composition of macroinvertebrate com-
munities in Talamanca streams was found to
be similar to that reported for La Selva and
Panamd, with single reaches often containing
up to 30 taxa. Diversity in our study reaches
was also similar, although sometimes lower,
than stream reaches at the same elevation in
Panama (Flowers 1991), and higher than
reaches at simifar elevations at La Selva Bio- .
logical Station (Pringle & Ramirez [998), The
major ditference in community structure be-
tween previous studies and ours was the
greater proportion of non-insect macroinver-
tebrates in Talamanca {Table 2). For example,
shrimps are a main component of the benthic
community at La Selva Biological Station
(Pringle & Hamazaki 1998}, but nocturnal
adults are rarely collected using benthic sam-
plers, such as Surbers or kick nets (Pringle &
Ramirez 1998). [n Panama shrimps were not
reported at all {Flowers (991). In contrast,
adult shrimps and spails were an important
component of the benthic community of some
reaches in Talamanca (2.2, Cl, C3, and G2),
The composition of functional feeding
groups showed that benthic macroinvertebrate
commurities were dominated by collector-
gatherers. Collector-gatherers are the most
abundant macroinvertebrates in many stream
systems; they feed on tine particulate organic
mater (FPOM) that accumulares on the sub-
strate and are respoansible for the processing
and resuspension of those particles (Benks er
al. 1984, Wallace & Webster 1996). The
streams of Talamanca contain levels of nutri-
ents sufficiendy high to be considered eutro-
phic (see Paaby er al. 1998, this issue), favor-
ing higher bacterial biomass andfor production
(Weyers & Suberkropp 1996). Therefore, en-
hancing food resources for collector-gatherers
that can obtain nutrients from bacteria while
feeding on FPOM (Fisher & Gray 1983). De-
spite of their importance, collector-gatherers
are one of the least studied groups of macro-
invertebrates (Wallace & Webster 1996).
Previous studies in subtropical and tropical
systems showsed evidence that some stream
habitats are ofien responsible for sustaining a
farge part of the benthic community. For ex-
ample, in towland subtropical streams woody
debris represent an importan: habitat for ben-
thic communities, even though it represents a
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small percentage of the total habitat availakle
in the river (Benke et al, 1984, Benke er af.
19835). n our study sites, benthic macroinver-
tebrates were clearly segregated among habi-
tats in a pacticular and consistent way, sug-
gesting that resources may also be patchety
distributed. Both riffle habitats (LP and CR)
were found to support highest abundance and
biomass of macroinvertebrates.

Riftle habitats in Talamanca streams were
composed of leat packs and cobble ateas. Leaf
pack and their associated microftora play im-
portant roles as 2 source of energy for benthic
commuaqities (Reice [930). Although leaf
packs may be less stable than areas of cobble,
they have been found to affect macroinverte-
brate distribution {(Drake 1984). For example,
in temperate streams accumulations of leaves
on the stream bottom were found to support
higher diversity and abundance of macroin-
vertebrates than other stream habitats, al-
though leaves are present in the stream only
part of the year (Mackay & Kalff 1969, Allan
{995). In contrast, in tropical aseasonal sys-
tems, leaves are present year round (Stout
t930, Pfeiffer 1996). In these streams, both
shredders and collector-gatherers appear to
benefit directly from the presence of leaf ac-
cumulations. Studies on leaf decomposition in
tropical systems have found that, while shred-
ders are rare, collector-gatherers are the domi-
nant feeding group in leaf packs (Benstead
1996, Rosemond e ol 1998), and microbes
are suggested as responsible for leaves decay
{trons et al. 1994). Rosemond et al, (1998}
suggest that macroinvertebrates in lowland
tropical streams use leaf packs as a refuge
against predation from fishes and adult
shrimps,

Cobble-riffles are perhaps the most well
studied strearn habitat. A combination of fac-
tors such as stable substrate, constant flow of
water, nutrients and oxygen, and higher avail-
ability of refuges from predation (Stout &
Vandermeer 1975), make riffles a suitable
habitat for aquatic macroinvertebrates, Our
results coincide with previous studies at La
Selva Biological Station, where cobble-riffles
were found to support higher biomass and
abund-anc:: than  depositional-pool  habitars
{Ramirez & Pringle in review). Results also
support the fact that pool habitats are a compa-
fAtively less important habitat for benthic mac-

roinvertebrates (Huryn & Wallace 1987, Woh!
et al. [995). Pool habitats in tropical streams
can be subject to higher predation or distur-
bance by fishes and shrimps (Pringle 1996). In
contrast, areas of pools that contain sufficient
substrate that functions as a refuge, can sup-
port a higher abundance of macroinvertebrates
than pools lacking such refugia (Arunachalam
etal, 1991},

Further research is needed to properly as-
sess parameters atfecting benthic community
structure and function in streams ol Talaman-
¢a, and to assess how those parameters will
change with variations in cacchment land use.
Although the study streams are relatively dis-
turbed, diversity tevels {as alpha index) were
as high as those found in other arzas of the
Caribbean (¢.g., streams running through pri-
mary forest at La Selva Biological Station:
Pringle & Ramirez 1993). In addition, differ-
ences in biomass and abundance among sites
can be explained by the presence or absence
of some taxa, such as shrimps and snails, in
some of the sites. However, the present study
was not design to assess the effects of landuse
on aquatic macroinvertebrate communitjes.
Therefore, they can be potentially useful as
reference streams for the restoration of other
streams in the area of Gandoca-Manzanillo.

In conclusion, stream macroinvertebrate
communities in Talamanca are dominated by
insects, with shrimps and snails as dominant
groups only in some reaches, Riffles habitats
supported the highest abundance and biomass
of macroinvertebrates. Alhough leal’ packs
were abundant, few insect shredders were
collscted, and functional fzeding groups were
dominated by collector-gatherers.

RESUMEN

La estructura de las comunidades de ma-
croinvertebrados bénticos fue estudiada en
relacion con el tipo de hdbitat riverino pre-
sente en quebradas tropicales. Se trabajé en
cinco tramos localizados en dos quebradas en
Talamanca, Costa Rica. Los macroinvertebra-
dos fueron recolectados de cuatro tipos de
habitats: “paquetes” de hojas v dreas de pie-
dras en rdpidos, y arenales y grava en pozas.
Las comunidades de macroinvertebrados tue-
ron dominadas por insectos de los drdenes
Ephemeroptera (Thraulodes, Baeris?), Diptera
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(Chironomidae, Tipulidae), Trichoptera (Hy-
dropsychidae,  Giossosomatidae,  Hydro-
ptilidae, Calamoceratidae), y Odonata (Pro-
gomphus, Hetaerina). Ademds de los insectos,
otros grupos dominantes fueron camarones
(Macrobrachium) y caracoles (Gastropoda).
La composicién de grupos funcionales fue
dominada por recolectores. En la mayorfa de
los tramos, los dos tipos de habitats en rdpidos
presentaron mayor abundancia y biomasa de
macroinvertebrados, en comparacién a los
habitats en dreas de pozas. Rdpidos y
"paquetes” de hojas fueron los tipos de habi-
tats mas importantes para las comunidades
bénticas, La importancia de las hojas es resal-
tado por el hecho de que en sistemas tropicales
€5tos se encuentran presentes todo el afo. La
composicion de la comunidad y fa diversidad
fue similar a la reportada en otros sitios de
América Central.
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APPENDIX

(CG), filterer (F), predator (P), scraper (SC), and shredder (SH} Biomass (8. mg AFDM/ sample) and abundance (A,

individuals / sample) of macroinvertebrate collected in study sites, in Talamanca, Costa Rica. Functional Sfeeding groups
(FFG) as follows: cotlector-gatherer

TAXCON Carbdn River Gandoca Stream FFG
Cli C2 c3 Gt G2
B A B A B A B A 5] A

Guastropoda 852 800 038 205 5C

Deeapada 13.21 1.41 23.78 331 11.34 0.63 CG

Ephemeropiera

Buetis 7 0.31 (.63 006 013 0.33 2.31 sC

Buvtodes 0.00 0.06

Caenis .09 0.38 0.0} 003 001 013

Letaphyphes .21 6.44 005 0.09 1.68 5.35 4.00 .06 CcG

Thranlodes 2.06 9.03 ¢l 043 2.03 9.72 0.20 0.97

Traverrella 0.06 0.09 0.10 0.56

Tricorythodes 1.07 4.3t 603 013 CG

Qdonata

Archaegonphys 0.60  0.06 p

Argia 0.63 0.31 009 0.3 P

Erpetogomphus 221 013 P

Heteragrion . 0.17 0.25 P

Hetaering 0.02 0.25 p

LibeHulidae 0.21 056 009 0.3 P

Palaemnema 0.92 0.28 P

Phyllecycla 0.94 0.19 P

Pragowphus - 0.83 0.19 5.87 0.56 0.37 0.19 p

Plecoptera

dnacroneuria 30.00 0.03 0.02 013 P

Hemiptera

Naucoridae 0.09 0.94 000 0.9 p

Megaloptera

Corydalus 0.01  0.01 6.29 0.09 P

Trichoptera

Calamoceratidae 003 0.06 L7 113 SH

Glossosomatidae 0.02 0.19 0.63 13.09 sC

Helicopsychidae 022 038 033 1.52 5C

Hydroptitidae 045 0.56 417 759 003 006 F

Leptoceridas 4.00 0.3 0.0t 1.3t 0.01 03138

Leptongma 0.03 0.31 0.23 0.23 SH

Wormaldia 0.0 00f 00t 0335  0.50 ¥
Q.03 0.09 F

Lepidoptera

Pyralidae 126 238 sC

Coleoptera

Elmidae larvae 0.12 0.59 0.01 0.0} 0.12 1.00 0.76 0.2} Sg

S

Elmidae adult 0.00 003 Q.00 000 0.0 0.09 0.01 0.06
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Psephenidae 0.03 Q.13 079 1.38 sC
Prilodactilidae 0.01 0.03 cG
Diptera

Ceratopogonidae .01 609 010 056 003 025 d
Clironomidae 0.19 18.22 002 118 0.29 2384 002 L3I 0.03 2.21 CG
Shnuliidae 0.0t 0.1 000 001 F
Tamypodinae 0.00 043 001 056 000 0338 005 043 p
Tipulidae 1.77 0.4 1.82 050 0.52 0.25 P

Tutal 6.93 40.78 123 208 29.62 9019 186 336 3T 3.33



