Revista de Biologia Tropical

Rivisis dhe
ey ISSN: 0034-7744
BIOLOGIA TROPICAL /; ) o
el iomarmal o FREEPEAL IR OGT wf (MR | rbt@cariari.ucr.ac.cr
Universidad de Costa Rica
Costa Rica

Longo, Magnolia; Blanco, Juan F.
Shredders are abundant and species-rich in tropical continental-island low-order streams: Gorgona
Island, Tropical Eastern Pacific, Colombia
Revista de Biologia Tropical, vol. 62, nim. 1, febrero, 2014, pp. 85-105
Universidad de Costa Rica
San Pedro de Montes de Oca, Costa Rica

Available in: http://www.redalyc.org/articulo.oa?id=44932442006

How to cite [ é)\_,- //!

Complete issue - .
P Scientific Information System

More information about this article Network of Scientific Journals from Latin America, the Caribbean, Spain and Portugal
Journal's homepage in redalyc.org Non-profit academic project, developed under the open access initiative


http://www.redalyc.org/revista.oa?id=449
http://www.redalyc.org/articulo.oa?id=44932442006
http://www.redalyc.org/comocitar.oa?id=44932442006
http://www.redalyc.org/fasciculo.oa?id=449&numero=32442
http://www.redalyc.org/articulo.oa?id=44932442006
http://www.redalyc.org/revista.oa?id=449
http://www.redalyc.org

Shredders are abundant and species-rich in tropical continental-island

low-order streams: Gorgona Island, Tropical Eastern Pacific, Colombia

Magnolia Longo!'” & Juan F. Blanco'

Instituto de Biologia, Facultad de Ciencias Exactas y Naturales, Universidad de Antioquia, Medellin, Colombia;

1.

mc_longo@hotmail.com, blanco@matematicas.udea.edu.co

Recibido 18-X-2013. Corregido 20-XI-2013. Aceptado 19-X11-2013.

Abstract: Macroinvertebrate shredders may have been overlooked in tropical streams due to the geographi-
cal bias of early studies, methodological limitations, and the complex influences of local-scale factors. While
shredders seem to be scarce in most oceanic island streams, we here test if they are abundant in a continental
island. Gut content analyses of benthic macroinvertebrates were used to identify shredding taxa in streams
located in different types of forest in Gorgona Island (Tropical Eastern Pacific). General dietary overlap (GO)
was quantified and relative biomass, relative frequency and the leaf litter percentage in the guts were used to
establish the relative importance of each taxon in the shredding guild. Various indices were used to identify
the spatial arrangement (i.e. contagious or random) of each taxon and shredding guild among streams. We
identified 31 shredding taxa that were divided into specialist-shredders (14 taxa), generalist-shredders (10), and
collector-shredders (7). There was a complete GO (0.75, p<0.001) for the guild. Cockroaches (Epilampra) were
the most represented shredders due to the greatest contribution to guild total biomass and to the highest content
of leaf litter in their guts. These organisms were more important than shrimps and crabs in terms of abundance
and biomass in leaf pack samples. Potimirin shrimps ranked second and Stenochironomus midges ranked third.
Among aquatic insects, other secondarily important species were Leptohyphes (Ephemeroptera), Macrelmis,
Anchytarsus and Tetraglosa (Coleoptera). Ten taxa exhibited contagious spatial pattern and twenty-one exhib-
ited a random distribution. Resource distribution (i.e., leaf packs) between streams was random too. The guild
was contagiously distributed, but this result could be highly influenced by the taxa with contagious distribution.
Mean abundance, richness and mean biomass of shredders were not significantly correlated with any of the
environmental variables measured. Three factors seemly explain the high richness and abundance of shredders
in Gorgona Island: (1) its continental origin, (2) its current proximity to the continent (35 km), and (3) the high
diversity and availability of leaf litter and woody debris inputs to the streams. Although crabs, shrimps, aquatic
insects and semiaquatic-cockroaches coexisted in Gorgona Island, the latter were the most important leaf litter
shredders in terms of biomass. Rev. Biol. Trop. 62 (Suppl. 1): 85-105. Epub 2014 February 01.

Key words: shredders, leaf litter, dietary overlap, spatial arrangement.

The available studies reveal that richness,

abundance and biomass of shredder macro-
invertebrates are lower in streams located in
oceanic islands than in continents (Benstead,
March, Pringle, Ewel & Short, 2009). In addi-
tion, prior to the studies by Boyero et al,
(2011a, b), tropical streams were regarded
as species-poor in terms of shredder taxa
compared to temperate counterparts because
of the overrepresentation of oceanic islands
in stream ecology studies (e.g. Puerto Rico,

Society Islands of French Polynesia, Hawaiian
Islands). Macroinvertebrate communities in
oceanic islands are structurally simple, due to
the bottleneck imposed by isolation to aquatic
insects (Smith, Covich & Brasher, 2003; Cov-
ich 2006a). In the remote islands in the Pacific
region, these communities are dominated by
diadromous decapods and molluscs, and only a
few groups of Diptera and Odonata are present
(e.g. Resh, Barnes & Craig., 1990; Marquet,
1991; Choy, 1991; Fossati, Vallier & Mosseron,
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1998; Fossati, Mosseron & Keith, 2002; Craig,
2003; March, Benstead, Pringle & Luckymis,
2003; Benbow, Mcintosh, Burky & Way, 2005;
Benstead et al.,, 2009). As another example,
Plecoptera and Megaloptera are absent in Puer-
to Rico (Caribbean) due to biogeographic
processes (Ramirez & Hernandez-Cruz, 2004).
Accordingly the shredder guild is dominated
by shrimps, crabs and snails (e.g. Ramirez &
Pringle, 1998; Crowl, McDowell, Covich &
Johnson, 2001). The shredder insect guild is
dominated by a few species of Leptoceridae
and Calamoceratidae (Trichoptera), and Tipu-
lidae (Diptera) with low densities and biomass
(Yule, 1996a; 1996b). Therefore, the paucity
of shredder species in tropical oceanic islands
has biased the hypothesis of the scarcity of
shredders in the tropics (Wantzen, Yule, Mat-
hooko & Prigle, 2008; Boyero et al., 2011a; b).
Continental islands, however, seem to exhibit
a high richness of aquatic and semiaquatic
insects that coexist with diadromous fauna
(Bass, 2003; Longo-Sanchez & Blanco, 2009;
Li & Dudgeon, 2008; Yam & Dudgeon, 2005),
but studies on continental-volcanic islands are
still scant [(e.g. Yule 1996a; 1996b): Bougain-
ville, Papua New Guinea; Boyero & Bailey
(2001): Coiba, Panama; Gomez-Aguirre, Lon-
go-Sanchez & Blanco (2009); Longo, Gémez-
Aguirre, Blanco & Zamora-Gonzalez (2009):
Gorgona, Colombia].

Since the breakdown of coarse organic
matter is a key ecosystem process in streams
(Cummins, 1973), it is important to identify
the shredding taxa for understanding foodweb
structure and ecosystem function (Dangles &
Malmgqvist, 2004). In the Tropics, in general,
such studies are still insufficient because shred-
der insect composition and the life histories of
each taxon are poorly known (e.g. Dudgeon,
1994; Ramirez & Pringle, 1998; Tomanova,
Goitia & Helesic, 2006; Yule et al., 2009;
Cheshire, Boyero & Pearson, 2005; Li & Dud-
geon, 2008; Camacho, Boyero, Cornejo, Ibaiiez
& Pearson, 2009; Chara-Serna, Chara, Ziiiga,
Pedraza & Giraldo, 2010; Boyero et al., 2011a;
b). In one of the few studies conducted in tropi-
cal island streams, (Yule, 1996a; 1996b) found

in Bougainville Island (70-80% shaded), 10
shredder taxa (out of 48 species), including 2
crustaceans and 8 insects. The abundance was
low, and it was associated with low levels of
leaf packs in streams (owing to the persistently
high rainfall). In another study, Li & Dudgeon
(2008) reported a low richness of shredders in
both shaded (4 taxa out of 58) and unshaded
streams (2) in Lantau Island and New Ter-
ritories of Hong Kong. Benstead et al. (2009)
found a total lack of insect shredders, and a
minor role assumed by macroconsumer deca-
pods and gastropods in a Micronesia stream,
and it was attributed to the extreme isolation
experienced by mid-Pacific island streams,
placing them at the lowest end of shredder
biodiversity and biomass, thus restricting the
ecosystem function (i.e. decomposition) of
their species-poor communities.

Quests for shredding macroinvertebrates
in tropical streams have been poorly replicated,
a major drawback for identifying the actual
patterns of richness, due to the great stream
to stream variability (Camacho et al., 2009).
Thus, it is necessary to replicate samples
among streams and habitats at a regional
scale. This is particularly critical because the
spatial arrangement of shredders among island
streams is expected to be contagious, simi-
larly to the patchy arrangement of most biota,
their resources, and their habitats in streams
(e.g. Pringle et al., 1988; Downes, Lake &
Schreiber, 1993). Bearing in mind the ecologi-
cal importance of the shredder guild and the
limited replication in most studies, researchers
from different countries joined efforts in glob-
al-scale studies to understand their biology and
ecology (Wantzen & Wagner, 2006; Boyero
et al., 2009; 2011a; b). For instance, one of
these studies provided insights on the poten-
tial impact of global warming on rise of local
extinction rates of shredders, thus affecting
their role (Boyero et al., 2011a). Nonetheless,
this study was conducted solely on continental
streams, while island streams were overlooked,
despite they have been classified as highly
vulnerable to episodic and global changes such
as hurricanes, floods, droughts (Covich, Crowl
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& Heartsill-Scalley, 2006), sea level rise, bio-
logical invasions and pollution (Chown, Lee
& Shaw, 2008), and despite extinctions are not
likely to be offset by colonization by new spe-
cies due to isolation.

We studied the composition and spatial
arrangement of shredder macroinvertebrates in
Gorgona Island streams, located in the Colom-
bian Tropical Eastern Pacific. This island eco-
logically and climatically unique in the region
due to the volcanic and continental origins,
location in the region Choco Biogeographic (a
biodiversity hotspot), and preserved condition
(Natural National Park). Other characteristics
such as aseasonal rainfall, basalt and sedimen-
tary geology, primary and secondary forests
and low-intensity human activities, place Gor-
gona Island as a key site for ecological studies
in streams. As well, Gorgona Island streams are
pristine-mountain (1%t and 2™ order), located
at low elevations (0-300m), and their land-
scape resembles low-order and steep-gradient
temperate streams, where the allochthonous
resource supply is greater than the autochtho-
nous production.

Previous studies in Gorgona Island streams
revealed that stream insect richness is high
compared with that found in other tropical
Pacific islands, and should, therefore, con-
sidered a biodiversity hotspot for this group
(Gomez-Aguirre et al., 2009; Longo-Sanchez et
al., 2009). In this study, we asked the following
questions: (1) Are shredder taxa scarce in terms
of abundance and poor in terms of species?; (2)
Does stream location in primary or secondary
forests affect the richness and abundance of
shredders?; (3) What is the spatial arrange-
ment pattern of each taxon and of the guild
(random or contagious) at the island-scale?;
(4) What are the most important taxa of this
guild (based on relative biomass and frequency
of occurrence and content of leaf litter tissue
in guts), and what is the extent of the trophic
niche overlap among shredders? If Gorgona
Island streams differ in terms of the type of
riparian forest and instream stock of leaf litter
abundance and richness, we predict that shred-
ders will show a proportional response in terms

of abundance and richness, they will be more
abundant and taxon rich in streams with native
riparian vegetation. The spatial arrangement of
each taxon and the entire guild among streams
will be contagious. We also predict that the
shrimps will have higher relative importance
because their biomass and abundance exceed
that of insects as observed in other islands.
Trophic niche overlap will be high among
shrimps and low among aquatic insects. To test
these hypotheses, the objectives of this work
are: (a) to identify the shredder taxa based on
the examination of gut contents; (b) to examine
the local variation of estimates of guild (total
abundance, total richness and total biomass);
(c) to identify the type of spatial distribution
for each taxon and for the entire guild; and (d)
to establish the importance value of each taxon
(e.g. insects, shrimps and crabs) of the guild (e)
to analyze the trophic niche overlap.

MATERIAL AND METHODS

Study area. Gorgona Island (16km?) is
located on the continental shelf, 35km off
the Pacific coast of Colombia (Fig. 1). This
island is located in the Chocé Biogeographic
region. This region is one of the world’s
rainiest (>6000mm yr'"), and it exhibits one of
the largest coastal tropical rainforest remnants
on Earth (Rangel & Arellano, 2004). This
region is also an important biodiversity hotspot
(Myers, Mittermeier, Mittermeier, Da Fonseca
& Kent, 2000). Gorgona was operated as a
penitentiary island between 1960 and 1982, but
it was declared Natural National Park in 1983.
Rocks are ultramafic, elevation ranges from 0
to 330masl, average air temperature is 26°C,
and mean total annual rainfall is 6661mm,
thus feeding a great number of permanent
and ephemeral streams. A detailed account of
hydroclimatology is found in Blanco (2009).

Study streams. Three streams were select-
ed from each of the island’s slopes: East (Ilu,
Iguapoga, and Pizarro) and West (Playa Verde,
La Camaronera and Cocal Norte) (Fig. 1).
These have different type of forest cover: 1)
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Fig. 1. Study streams in Gorgona Island (Colombian Tropical Pacific). Forest management zones are indicated.

native, 2) introduced, and 3) secondary forest
(Table 1, Fig. 1). In general, all streams exhib-
ited short and low order (1%%-2"%) courses, with
nearly straight reaches in the headwaters and
meandering reaches in the lowland. Records of
some physical, chemical and biological vari-
ables are presented in Table 1. Landslides, bank
failures, and fallen trees commonly occurred
along all streams due to the high annual rain-
fall rate. Prior to the designation of the Natural
National Park, lowhead-dams for hydropow-
er were constructed and fruit-tree plantations
were established in 14, Iguapoga and Pizarro.
In contrast, Playa Verde, La Camaronera and

Cocal Norte, located on the opposite island’s
slope, did not exhibit visible signs of human
disturbance during the penitentiary period.
Information about the island’s tropical rainfor-
est flora (Rangel, 1990) and spatio-temporal
patterns of leaf litter composition in selected
streams (Valencia, Pérez, Lizarazo & Blanco,
2009) is available. Detailed information about
stream macroinvertebrate distribution was
also recently published (Gomez-Aguirre et al.,
2009; Longo-Sanchez et al., 2009).

Sampling and leaf litter processing.
Two samplings were conducted (February and
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March, 2009) in the six study streams. These
months corresponded to the low rainfall period.
Some variables describing each stream are
shown in Table 3. Sampling was conducted
on two reaches (30m in length each one) in
each stream, they were located in lowlands
and steeper parts (range: 10-70masl). These
were selected according to access. Physical
and chemical variables were measured in the
field (4 repetitions for each measurement in
each reach for each sampling) with standard
instruments [temperature and dissolved oxy-
gen (handylab Ox 12, SCHOTT Instruments,
Mainz, Germany), pH (ECO10 pH, SCHOTT
Instruments, Mainz, Germany), and flow
(FP101-FP201 Global Flow Probe, Gold River
CA, USA)]; water samples were collected for
measuring total nitrogen (Kjeldahl method),
and chloride (ion chromatography) in labora-
tory. Geology (basaltic and sedimentary), for-
est type (native, secondary and exotic species
plantation), riparian cover percent (estimated
visually in the field), slope (Suunto PM-5 cli-
nometer, Valimotie, Finland), and depth (wood-
en folding ruler) were measured too; cobble
(4 units) surfaces were randomly selected
from each reach of each stream and scraped
(area 23.76cm? on each cobble), to measure
total benthic organic matter (TBOM) and total
benthic inorganic matter (TBIM) in labora-
tory following methods by Eaton, Clesceri &
Greenberg (1995). Submerged leaf litter packs
were manually-collected following a zigzag
path over a 10m upstream distance during
10min. Samples collected were placed into
plastic bags and preserved in 90% alcohol (to
stop the digestive process in the macroinver-
tebrates). Macroinvertebrates were separated
from the litter within the next 24h in the Gor-
gona Natural National Park field station and
preserved in vials with 70% alcohol. All sam-
ples were pooled into a single sample per reach.
The leaf litter was bagged and transported to
the laboratory in Universidad de Antioquia.
Samples were oven-dried to a constant mass at
80°C for 72h, and then weighed. Leaves were
classified into genus, family or morphotype to
estimate leaf richness as described by Valencia

et al. (2009). Quantification of litter standing
stocks was performed by randomly placing five
(0.25m?) quadrats along the sampling reach.
Leaf and woody litter were bagged and trans-
ported to the laboratory for oven-drying.

Laboratory procedures for macroinver-
tebrates. Individuals were identified primar-
ily to genus-level using identification keys
by Roldan (1988), Aristizabal-Garcia (2002),
Pérez-Gutiérrez (unpubl. data), Dominguez
& Fernandez (2009), and Wiggins (1996).
Stenochironomus and Tanypodinae were the
unique taxa identified of the Chironomidae
family, the rest of individuals were identified
to family level, Hydrophiloidea individuals
were identified only to family level. Many taxa
were confirmed by experts, and the organisms
were deposited in the reference collection of
benthic macroinvertebrates of the Limnology
Laboratory at the Universidad de Antioquia
(CLUA35). All individuals were grouped by
taxon and counted. At least 10 individuals of
each taxon were oven-dried at 60°C for 24h
and then weighed to the nearest 0.00001g (ana-
lytical balance Sartorius Basic 0.00001).

Between two and ten individuals per taxon
and stream were ventrally-dissected (Peckar-
sky, 1996). Their guts were extracted under
a dissecting microscope and analyzed under
a microscope (at a 200X magnification). The
smallest chironomids were whole-mounted on
glass slides. Gut contents were mounted on
glass slides adding a glycerine drop. Food
items were classified as follows, according
to Cheshire et al., (2005): Fine Particulate
Organic Matter (FPOM, particles <50um),
Coarse Particulate Organic Matter (CPOM,
size range: 50pm-1mm), wood and Leaf Litter
Tissue (LeLT, >1mm), Algae (ALG), Animal
Tissue (AT-including whole prey and exoskel-
eton fragments) and Mineral Material (MM).
The proportion occupied by each ingested item
was estimated as the area fraction out of the
total area covered by the gut contents in each
of 15 randomly-selected points on each slide.
Photographs of the 15 points were taken and
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the relative areas of the items were estimated
using the Micro-Manager 1.3 software.

Predatory taxa, scrapers, collector-filterers
and shredders were identified, but we only
included the latter for quantitative analyses.
To classify the shredder taxa, the relative area
covered by each food item in the dissecting
glass was used to assign each taxon to one of
the two following Functional Shredder Guilds
(FSGs): (1) Collector and Shredder (C,Sh), or
(2) Shredder sensu stricto (Sh). This classifica-
tion was tested by a cluster analysis based on
Bray-Curtis Distance (based on the average
proportion occupied by each food item into the
guts of all individuals of each taxon) using Bio-
Diversity Pro (McAleece, Lambshead & Pat-
erson, 1997). Collector and Shredders (C,Sh)
are those individuals consuming CPOM and
LeLT in similar proportions, as well as FPOM.
Shedders (Sh) are those individuals with >40%
of their gut contents composed of LeLT or
wood fragments (adapted from Cheshire et al.,
2005), in this group, specialist-shredders can
be identified when >70% of their gut contents
is LeLT and/or wood; and generalist-shredders
when the gut content of LeLT is <70%.

Data processing. Environmental data
and insect abundance from the two sampling
months were averaged by reach for the analysis.

1. Dietary overlap. Dietary overlap was
quantified using the method of Petraitis (1979).
The general overlap (GO) was calculated to
account for the niche breadth of each taxon.
GO values range between 0 and 1 (from none
to complete overlap of the species). The likeli-
hood of this overlap (probability that each spe-
cies’ niche was drawn from a combined niche)
was tested using a y? distribution, and paired-
taxa comparisons was made. These compari-
sons were reported as a dendrogram based on
Bray-Curtis Distance’s Group-Average cluster-
ing method using BioDiversity Pro (McAleece
et al., 1997).

2. Importance Value Index (IVI) (Lampre-
cht, 1962) and Importance Percentage (IP) of
shredder taxa. These two metrics were useful
to assess the overall significance of a species

as part of the shredder guild. IVI was calculated
by adding three community-based estimates:
relative biomass (RB), relative frequency (RF)
and relative content of leaf litter tissue in the
gut (RLeLT), this is IVI=RB+RF+RLeLT. RB
was calculated dividing the total biomass of all
individuals of a species by the total biomass
of all individuals of all the shredder species
(i.e. biomass sp1/X biomass all species). It was
calculated once for all of the taxa in the whole
collection. RF and RLeLT were similarly com-
puted. IP was calculated dividing IVI of each
species (IVL) by the total IVI, so: IP=IVL /
Total IVI*100.

3. Shredder-taxa spatial arrangement.
The spatial arrangement of shedders was ana-
lyzed in four ways: The Index of Dispersion
(ID=variance/mean) (Elliott, 1973) of each
taxon was calculated across the six streams;
if ID<1 the distribution is uniform, if ID>1 it
is contagious (aggregated), and if ID=I it is
random. y? distribution (p<0.05) was used as a
significance test (Ludwing & Reynolds, 1988).
The Morisita index (/;) (Morisita, 1971) was
computed to analyze the spatial pattern of each
taxon; this is unaffected by changes in density
caused by random thinning (Myers, 1978). This
index was computed as follows:

Q
;=02 X(X,~ 1) /NN - 1)

i=1
where X; is the abundance of a species in the
ith stream, Q is the number of streams (6 in this
case) and N=XX. When /<1 the distribution
is uniform, /;>Icontagious and /;=1 random.
y? distribution (p<0.05) was used as a signifi-
cance test (Rabinovich, 1982). ID and [ were
also used to determine the spatial arrangement
of the leaf morphotypes on the standing stock
(quantitative samples), for thus computing pat-
terns of arrangement of food resource used by
shredders among streams. Generally, several
indices of pattern detection are required as they
measure slightly a different aspect of the spatial
pattern (Greig-Smith, 1983; Shaukat & Sid-
diqui, 2004).
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With ID index and /; we determined the
spatial arrangement for each taxon, and Iwao’s
regression model (Iwao, 1979) was used to
analyze the spatial arrangement of the guild
(31 taxa) among the streams. It relates for each
taxon the Lloyd’s (1967) mean crowding index
(m*) and the arithmetic mean of abundance of
a taxon across the total number of streams (m),
as: m*=o+Pm, where m* was determined as:
m*=m+(ID-1). The intercept (a) is the index
of basic contagion, which indicates whether
the basic component of the distribution is a
single individual or a group. It also indicates
repulsion, isolation or aggregation among indi-
viduals when 0<0, 0=0, o>0, respectively.
Slope (B) is the density contagiousness coef-
ficient, denotes how the basic components are
distributed over the space, indicating uniform,
random and contagious dispersion when B<I,
p=1, B>1, respectively.

4. Environmental variables and shredders.
Linear regression was performed for exploring
the relationship among environmental (inde-
pendent) variables (Table 3) and macroinver-
tebrate guild metrics (i.e. abundance, richness
and biomass). The statistical program used was
Statistica 6.0 (Hill & Lewicki, 2007).

RESULTS

Non-shredder taxa. Forty eight (48) gen-
era or morphotypes in 24 families were col-
lected out of 4042 individuals observed, 31
genera were classified as shredders (3 316ind.),
and 17 genera as non-shredders (726ind). Out
of these 17 genera, 9 taxa were classified
as predators (574ind.), 2 taxa as collectors-
filterers (135ind.), 2 taxa as scrapers (1lind.),
and 4 taxa were not classified due to their low
abundance (6ind. in total).

The predatory taxa were Polycentropus
and Polyplectropus (Polycentropodidae: Tri-
choptera), Anacroneuria (Perlidae: Plecop-
tera), Corydalus (Corydalidae: Megaloptera),
Argia (Coenagrionidae: Odonata), Gomphus
(Gomphidae: Odonata), Rhagovelia (Veliidae:
Hemiptera), Tanypodinae sp. (Chironomi-
dae) and Hexatoma (Tipulidae: Diptera). The

scraper taxa (100% de their gut contents with
FPOM) were Psephenops and Eubriinae sp.
(Psephenidae: Coleoptera) and Neritina latis-
sima Broderip snails (observed, not collected).
The filterer-collector taxa were Forcipomy-
ia (Ceratopogonidae: Diptera) and Simulium
(Simuliidae: Diptera). Predator, scraper and
filterer-collector taxa were not quantitatively
analyzed in this study.

Functional shredder guild (FSG). The
shredder guild included 27 aquatic insect gen-
era, 1 semiaquatic cockroach, 1 amphibious
crab and 2 diadromous shrimps. The proportion
occupied by each ingested item in the gut of
each taxon can be observed in Fig. 2. Amphi-
pods (common shredders in temperate stream)
were observed in the field but not found in the
samples. The most abundant taxa were Steno-
chironomus (Chironomidae) (31.3%), other
Chironomidae (except Tanypodinae) (23.6%),
Potimirin c.f. glabra (Atyidae) (11.6%) and
Phanocerus larvae and adults (Elmidae) (5.8
and 5.6%, respectively), while Tricorythodes
(Leptohyphidae) (0.1%), Hydrophiloidea lar-
vae (0.1%), Tipula (Tipulidae) (0.03%) and
Macrobrachium (Palaemonidae) (0.12%) were
the least abundant organisms within the sam-
ples (Table 3). In contrast, the Epilampra (Bla-
beridae) cockroaches were the most important
shredders in terms of biomass, even outnum-
bering shrimps and crabs (Table 2).

In the FSG, shredders (Sh) sensu stricto
accounted for 84% (26 taxa) of the total
number of taxa of guild (31 taxa). Shredders
were subdivided into specialists and general-
ists. Among shredders, the cockroaches, pti-
lodactylid beetles, crabs and shrimps stood
out because they exhibited the largest body
size and the higher individual biomass. A few
small-body insects were shredders too, such
as some ephemeropterans, trichopterans, cole-
opterans and dipterans. Collector-Shredders
(C,Sh) were 16% (5 taxa) of the total richness
of the guild. The collector-shredders were some
ephemeropterans, a few of them were predomi-
nantly collectors while others were predomi-
nantly shredders (Table 2).
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TABLE 2
Importance Value Index (IVI) and Importance Percentage (IP) and Functional Feeding Group classification (FFGs)
of each shredder taxon at Gorgona Island

Taxa Mean biomass oresy e Lee.lf litter ~ Importance Value Importance FFG
(mg of Ind/sp) tissue Index (IVI) Percentage (IP)

Thraulodes 0.0001 0.000176 0.03 0.009 0.04 127 C-Sh*
Hagenulopsis 0.0002 0.000918 0.04 0.025 0.07 229 G-Sh
Farrodes 0.00004 0.000114 0.04 0.005 0.04 1.35 C-Sh*
Tricorythodes 0.0003 0.000090 0.01 0.001 0.02 0.53 C*-Sh
Leptohyphes 0.0001 0.000570 0.04 0.077 0.12 4.00 S-Sh
Baetodes 0.0001 0.000051 0.03 0.001 0.03 1.00 C-Sh*
Cloeodes 0.0001 0.000115 0.04 0.008 0.04 1.47 C-Sh*
Smicridea 0.0004 0.000267 0.03 0.016 0.05 1.51 S-Sh
Leptonema 0.0011 0.001359 0.03 0.009 0.04 1.30 G-Sh
Phylloicus 0.0018 0.002185 0.04 0.044 0.08 2.72 S-Sh
Nectopsyche 0.0009 0.004668 0.04 0.027 0.07 248 G-Sh
Anchytarsus 0.0007 0.002614 0.04 0.051 0.10 3.20 S-Sh
Tetraglosa 0.0007 0.000568 0.01 0.096 0.11 3.69 S-Sh
Heterelmis 0.0001 0.000051 0.02 0.001 0.02 0.74 G-Sh
Disersus 0.0017 0.006001 0.03 0.052 0.09 2.88 S-Sh
Phanocerus L 0.0001 0.002171 0.04 0.031 0.08 2.54 G-Sh
Phanocerus A 0.0002 0.003661 0.04 0.041 0.09 2.89 S-Sh
Neoelmis 0.0001 0.000204 0.04 0.029 0.07 2.16 G-Sh
Macrelmis 0.0003 0.000601 0.04 0.060 0.10 321 S-Sh
Elodes sp. 1 0.0002 0.002103 0.04 0.019 0.06 2.13 S-Sh
Elodes sp. 2 0.0002 0.001255 0.03 0.017 0.05 1.57 G-Sh
Hydrophiloidea A 0.0004 0.000441 0.04 0.010 0.05 1.53 G-Sh
Hydrophiloidea L 0.0002 0.000068 0.03 0.010 0.04 1.28 S-Sh
Tipula 0.00003 0.000002 0.01 0.036 0.04 1.44 S-Sh
Chironomidae (except Tanypodiinae) 0.00003 0.002327 0.04 0.012 0.06 1.89 G-Sh
Stenochironomus 0.0001 0.006168 0.04 0.096 0.15 4.83 S-Sh
Maruina 0.0006 0.000376 0.02 0.017 0.04 1.29 G-Sh
Epilampra 0.1563 0.703893 0.04 0.096 0.84 27.93 S-Sh
Potimirim 0.0073 0.239346 0.04 0.038 0.32 10.62 G-Sh
Macrobrachium 0.0070 0.002374 0.01 0.023 0.04 1.31 G-Sh
H. gorgonensis 0.09 0.015264 0.01 0.059 0.09 2.95 S-Sh
TOTAL 3.02 100.00

(C-Sh: Collector-Shedder, G-Sh: Generalist-Shredder, S-Sh: Specialist-Shredders. *Indicates dominant function).

CPOM, FPOM and LeLT were common
food items in the gut contents of macroin-
vertebrates dwelling in leaf litter packs in
Gorgona Island, but despite the general niche
overlap, preferences differed among taxa.
Regarding the four groups observed in Fig. 2,
they can be pooled into the following catego-
ries: (1) Shredder s.s. (groups I, II, III), and
(2) Collector- Shredder (group 1V). Shredders

(©DOOO) Rey. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 62 (Suppl. 1): 85-105, February 2014

were subdivided into: (a) specialist-shredders
(groups I and II); and (b) generalist-shredders
(group III). Both subgroups were consumers
of LeLT, with a relatively high diet overlap.
Specialist-shredders such as Tipula, Elodes,
Phanocerus, Disersus, Macrelmis and Smicri-
dea supplemented their diet of LeLT with
a small fraction of FPOM and CPOM. In
contrast, generalist-shredders fed upon equal
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Fig. 2. Cluster analysis of trophic spectrum of 31 macroinvertebrate genera showing overlap of trophic niche. Bray-Curtis
Distance Group-Average was used as the clustering method. The horizontal bars show the percent of items in guts. The
dependence of Leaf Litter Tissue (LeLT) as important food source of the guild is remarkable.

proportions of CPOM and LeLT (group III:
several orders of macroinvertebrates). The col-
lector-shredders mainly consumed CPOM and
FPOM (group IV: exclusively represented by
mayflies). Although, Hagenulopsis and Lepto-
nema were classified into the group IV, these
taxa were considered as generalist-shredders
finally, due the high proportion of CPOM and
LeLT in their gut contents.

Dietary overlap. There was a complete
dietary niche overlap (GO=0.75, p<0.001) for
the shredder guild. Complete overlap was
also observed among species within the spe-
cialist-shredder group (group II in Fig. 2)
(Hipolobocera gorgonensis, Epilampra, Steno-
chironomus, Hydrophiloidea (L), Tetraglosa,
Anchytarsus and Phylloicus). In group 1, also
specialist-shredders, a high dietary overlap
(95%) was also detected among Tipula, Elodes
sp. 1, Phanocerus (A) and Disersus as well as
between Macrelmis and Smicridea. In group
111, the similarity was due to the amount of
FPOM, CPOM and LeLT, but two subgroups
were observed (86 and 84%). In group 1V, all
Ephemeroptera were grouped together in terms

of dietary overlap (81%). These results were
consistent with specific (pairwise) niche over-
lap (not shown).

Importance of each taxon for the FSG.
Cockroaches were the taxon with the highest
IP due to their high relative biomass and LeLT
content in their guts (Table 2). These organ-
isms were more important than shrimps and
crabs in terms of both abundance and biomass.
P glabra ranked second and Stenochironomus
ranked third place. Among aquatic insects,
other secondarily important species were Lep-
tohyphes, Tetraglosa, Macrelmis and Anchytar-
sus (Table 2).

Shredder taxa spatial arrangement. Ten
species out of 31, yielded variance/mean ratios
significantly greater than 1, the expected ratio
for random distribution, thus exhibiting a con-
tagious spatial pattern (Table 2); this was cor-
roborated with Morisita’s index. The remaining
twenty one species exhibited a random (Pois-
son) distribution. Similarly, 185 (84.1%) out of
the 220 leaf morphotypes identified from the
leaf litter standing stock, exhibited a random
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distribution, 18 (8.2%) a contagious pattern,
and 17 (7.7%) a uniform distribution (data not
shown). Therefore, the overall resource distri-
bution among streams was random.

In Iwao’s regression model (Fig. 3), the
slope (B=1.95) was significantly different from
the unity (t=29.09; p<0.001), and the intercept
(a) was non-significantly different from zero
(0=-2.35; t=-1.69; p>0.05). B-value can be
regarded as a mean contagion index of the
guild at the scale at which the sampling was
performed, but according with the observed
on Fig. 3, the slope was highly influenced by
the few taxa with contagious distribution [i.e.
10 taxa (Table 3), 7 of them are named in the
Fig. 3]. A negative o indicated that individuals
tend to repulsion, and these results were highly
influenced by the taxa located close to the ori-
gin, exhibiting a random arrangement. There-
fore, although a was not significantly different
from zero, it was consistent with the random
distribution of most taxa at individual level
(Table 3), and hence, the repulsive tendency of
individuals tested in the Iwao’s model.

Environmental variables and shredders.
Mean abundance, richness and mean biomass
of FSG were not significantly correlated with
any environmental variable (Table 1) (r* values
range: 0.001-0.216; all p-values were >0.05,
not shown).

m*=1.95(Mean) - 2.35

DISCUSSION

Shredder guild composition, structure
and importance. Shredder richness (including
specialist-shredders, generalist and collector-
shredders) was relatively higher (31 taxa)
in Gorgona Island compared to many other
insular and continental tropical locations. This
figure even exceeded reports from tropical
sites where shredders are seemly abundant and
rich such as Malaysia (22 species; Yule et al.,
2009), and northern Australia, Panama, Bolivia
and Ecuador (all with <16 taxa; Cheshire et al.,
2005; Camacho et al., 2009; Tomanova et al.,
2006; Rios, Encalada & Prat, 2009; Boyero et
al., 2011a; b). Our results provide further evi-
dence against the hypothesis of a generalized
poverty and scarcity of shredder macroinver-
tebrates in the tropics, supporting recent argu-
ments by Cheshire et al. (2005), Camacho et al.
(2009) and Rios et al. (2009).

Furthermore, our results suggest that
shredders in tropical streams do not necessar-
ily consist of Plecoptera and Trichoptera as in
temperate streams, because in the tropics, some
taxa of Ephemeroptera, Coleoptera and Blatto-
dea also are relevant shredders in relation to the
abundance and biomass of this guild. While it is
widely documented that shrimps and crabs are
dominant shredders in lowland tropical coastal
and island streams (March, Benstead, Pringle
& Ruebel, 2001; Dobson, Magana, Mathooko

Stenochironomus &

® o @*Chironomidae
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Fig. 3. Iwao’s regression model with mean crowding (m*) plotted against mean abundance (m) for the shredder guild.
The labeled taxa showed a contagious spatial arrangement (Hagenulopsis, Leptohyphes and Disersus are not clearly
distinguished). The rest of taxa (unlabeled points) exhibited a random arrangement. (L: Larvae, A: Adult).
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TABLE 3
Total density, Variance-Mean ratio (¥/M) and Morisita’s index with its significance levels

Order Taxa

Thraulodes
Hagenulopsis

Ephemeroptera

Farrodes
Tricorythodes
Leptohyphes
Baetodes
Cloeodes
Trichoptera Smicridea
Leptonema
Phylloicus
Nectopsyche
Coleoptera Anchytarsus
Tetraglosa
Heterelmis
Disersus
Phanocerus L
Phanocerus A
Neoelmis
Macrelmis
Elodes sp. 1
Elodes sp. 2
Hidrophiloidae A
Hidrophiloidae L
Diptera Tipula
Chironomidae (except Tanypodiinae)
Stenochironomus
Maruina
Dictyoptera Epilampra
Decapoda Potimirim
Macrobrachium

To‘tal abundance V/M ratio Mf)risita’s Distribution
(ind./sample) index
11.5 2.1 1.5 Random
28.0 2.8% 1.3 Contagious
15.0 1.3 1.1 Random
2.0 1.1 1.5 Random
315 4.2%%* 1.5%* Contagious
6.0 0.7 0.7 Random
8.5 1.0 1.0 Random
35 0.6 0.2 Random
7.0 0.8 0.9 Random
7.0 0.7 0.7 Random
32.0 1.2 1.0 Random
23.0 1.7 1.2 Random
5.0 2.0 2.3 Random
3.0 0.8 0.5 Random
21.0 2.6 1.4 Contagious
96.0 8.7 1.4 Contagious
92.5 9. 7*H* 5% Contagious
12.0 1.7 1.3 Random
10.5 2.3 1.7 Random
60.0 7.0%%* [.5%%* Contagious
37.0 6.5%** 1.8%** Contagious
6.5 0.4 0.5 Random
2.0 0.2 0.0 Random
0.5 0.5 6.0 Random
392.0 38.8%** .5%** Contagious
519.5 105.6%%* 2.0%%* Contagious
35 0.8 0.5 Random
27.0 1.2 1.0 Random
192 12.9%** [.3%%* Contagious
2.0 1.1 1.5 Random
1.0 0.4 0.0 Random

H. gorgonensis

(*p<0.05; **p<0.01; ***p<0.001) (L: Larvae, A: Adult).

& Ndegwa, 2002; Crowl et al., 2006), semi-
aquatic cockroaches were recently reported
as important shredders by their biomass (Yule
et al., 2009), along with coleopterans (larvae
and adult) and mayflies that have an important
role too (Rios et al., 2009; Bello & Cabrera
2001; Wantzen & Wagner, 2006; Chara-Serna
et al., 2010). Mayflies, traditionally considered
as collectors in temperate regions, have been
identified as shredders or collector-shredders

in some tropical regions (based on gut con-
tent); examples include Baetodes in Ecuador
(Rios et al., 2009), Farrodes sp. 2 and Terpides
in Venezuela (Bello & Cabrera, 2001), Far-
rodes and Tricorythodes in Brazil (Wantzen &
Wagner, 2006) and Tricorythodes in Colombia
(Chara-Serna et al., 2010). Similarly, within
the Coleoptera, several taxa (or morphotypes)
of Elmidae have been considered as collector-
shredders in the Tropics (Cheshire et al., 2005;
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Wantzen & Wagner, 2006). However, in Bra-
zil, Baptista et al. (2006) classified Farrodes
carioca Dominguez, Hagenulopsis spp., and
Thraulodes sp., as brushers; while Leptohyphes
sp., and Tricorythodes sp., were considered as
scrapers; and Baetodes sp., and Cloeodes spp.,
as grazers. In Brazil, Cloeodes sp. was found
to assimilate predominantly microalgae (Brito,
Moulton, Souza, & Bunn, 2006) and to be an
important grazer of periphyton (Moulton, Sil-
veira & Krsulovic, 2004), among others. In this
study, we additionally reported the following
taxa as shredders: Thraulodes, Hagenulopsis,
Leptohyphes and Cloeodes (ephemeropterans),
and Heterelmis, Disersus, Phanocerus, Neoel-
mis, Macrelmis and one taxon of Hydrophiloi-
dea (coleopterans) (Table 4).

In the present study, we found that semi-
aquatic cockroaches are the main shredders,
although shrimps and crabs are as common as
in insular streams elsewhere. Cockroaches do
not only specialize on feeding upon leaf litter
tissues but also they exceeded the coexisting
decapods and a rich aquatic-insect assemblage
in terms of individual biomass. Hipolobocera
gorgonensis crabs and Macrobrachium spp.
shrimps were found within the leaf litter only
as juveniles. In addition, Potimirin c.f. gla-
bra shrimps reached a small body size as
adults. Out of the shredder guild total biomass
(20.3mgAFDM/sample), 91.4% (18.5mg) cor-
responded to cockroaches, 7.5% (1.52mg) to
decapods and 1.1% (0.23mg) to aquatic insects.

Biomass is one of the main indicators of
community structure from a functional stand-
point, because it is a reflection of the energy
flow and resource use relative to metabolic
and environmental factors (Huryn & Benke,
2007; Townsend & Thompson, 2007; Poff et
al., 1993). Accordingly, taxa with the great-
est per capita or population biomass would
be functionally more important than taxa of
comparable or greater abundance but less indi-
vidual or population biomass. Therefore, due to
their high individual biomass and abundance,
cockroaches seem to be the most important
processors of the leaf litter input from rainfor-
ests in Gorgona Island, and probably in other

continental islands in the Tropical Eastern
Pacific (e.g. Coiba).

The second most important taxon was the
atyid Potimirin c.f. glabra, which surpassed
the palaemonid Macrobrachium spp. in terms
of abundance. These differences in abundance
are in agreement with those reported by Souza
& Moulton (2005) for an island in Brazil, but
differ from results in the Caribbean, where
the atyids A#ya spp. and Macrobrachium spp.
and the xiphocariid Xiphocaris elongata are
the most abundant taxa (Benstead, March &
Pringle, 2000). However, the consensus is that
the feeding strategy (i.e. scrapers, filterers or
shredders) in stream decapods depends on the
flow and the food resources (Covich, 1988),
and on the developmental stage, because some
species are partial shredders as juveniles, but
they are mostly omnivores and predators as
adults (Covich, 2006b).

Dietary overlap. Although the trophic
overlap of taxa was high, different pathways
were identified for the leaf litter during the
shredding process according to ingested-parti-
cle size and proportion. Understanding organic
detritus pathways is important in decompo-
sition studies (Covich, 2006b). In Gorgona
streams, semi-aquatic and aquatic insect spe-
cies and some decapods shred the leaf litter,
created CPOM and FPOM in suspension as
part of the shredding process. These suspended
particles become available to be consumed by
other small-bodied shredders that are not able
to consume coarse tissues.

Shredder guild spatial arrangement
island-wide. In general, shredder taxa were
broadly distributed across the island and no
significant relationship was observed between
abundance of any taxa and any of the sampled
environmental variables including type of geol-
ogy, conservation status of the riparian forests
and detritus diversity and biomass. This sug-
gests that the habitat template is not variable
enough to exert a limitation for the guild. For
instance, leaf litter inputs may be high enough
to provide basal resources for shredders (see
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JINpY 1V ‘OeAleT T ‘[0 JUBUIWOP SOJBOIPU, "10399[[0)) SULIIdYIRD) D)D) ‘10309[[00 SULIdI 1D ‘SIAIAIRN-10J99[[0)) :D))) SIAIN[I]-I0}03[[0)) D) “IOPPaIYS
-)s11e10adg [YS-S “IOPPAIYS-[BIQUIL) YS-D) IOPPIIYS PUB 10309[[0)) S A0jepald :d IOppaIys :yS 1odeidg 0§ 10zeIn) 110 TRIdYIeD) ) I 1 T0309[[0)) D ‘Ioysnig :g)

(oeprop-one[d) ys

us

600T
“1e 19 9INK

us

us

us
us
us
us

us

0102
“Te 10 pIey)

us

us

RN
o)

D

900€ 8SO[OL
2 UOZJUBA
‘opeS[og-epamy

98 US ‘DD

S ‘DD
S ‘DD

SN

%S ‘DD

s 4D
s 4D
%S ‘DD
S ‘DD

s s ‘DD

%S ‘DD

2 ‘DD

9007 “Te 1

BAOUBWO],

DD
PN

BN

BN

PN
us
40
A0
20
oS
)]
0]

2 ‘DD
S ‘DD
2§ ‘DD

070T UBIUISSAN 79
RIRAI[Q-sonbLuoy  “e 30 eisndeg

15
1D
S
S
d
d
d

900T

29
29
29
29
29
29

us
us
od
04
29
29
29
29
29
29
29

900¢

e 19 surwuwiny)

Us-S
4s-d
Us-S
Us-S
Us-D
Us-S
Us-sS
Us-d
Us-sS
4S-HD
Us-S
Us-D
Us-s
Us-S
4S-D
Us-S
4S-D
us-S
«USD
#USD
Us-s
US-+0
#US°D
4s-d
#USD

Apmjs st ug

padwvjidsy
DUIIDJY
SRUIOUOAIYDOUI]S
pndif

7ds sapoj
1ds sapojg

T Stujovpy
7 S1ujp0aN

Y S11220UDYJ
T sndao0uny g
T sns.4asiq

T 1219
Snsapidyouy
ps0j3v413]
ayodsdoroan
snot0]dyq
puuoyday
DaPLIDIUG
$p020])
sapojang
soyddyoyday
sapoiypd1ooL1]
SOPOLID]

s1sdojnua3nyy
sapojn.y |

uoxe],

QpLIdqe|e
QBpPIPOYIAS
QBPIWIOUOIIY))
oeprndry,

aepHIOg

SepiuI[y
aepIKoepo[id
oep1100ydo
JepIRIddOUER[R)
seprydksdorpAH

aeprovg

seprydAyoydoT

eLpe[g

e1ydiq

©19)d02]0)

e1aydoyonr],

sepuqaydoyde erdorowaydy

Ajrwe,g

‘sweans [eordomn ur pajonpuod s19Yo pue Apnjs SIY) I9)je BXe) J0osul onenbe ¢z Jo uoneoIsseld (H4,]) dnoid Surpasy [euonoun,

¥ 4T1dVL

19pI0

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 62 (Suppl. 1): 85-105, February 2014 ) ®OC)

98



below). In addition, despite the great rich-
ness of leaf morphotypes, either differences
among streams are not functionally significant
or leaf quality is not different. Regarding the
composition of riparian forests, Graga et al.,
(2001) in an experiment with various types of
leaves found that shredders did not discrimi-
nate between indigenous or exotic leaf species
in feeding trials. Besides, Yule et al., (2009)
did not find, as we did, a significant correlation
between biomass and richness of leaf litter with
the structure of the shredder guild (i.e. abun-
dance, biomass and richness).

According to our observations and those
by Valencia et al. (2009), approximately 290
species or morphotypes of leaf litter have been
identified from Gorgona Island streams, and
mean richness by stream-reach (10m) was 56
species. The number of leaves per reach ranged
between 65 and 395 (randomly collected).
Actual richness and abundance of leaf litter
in streams may be higher, because our study
was limited to two sampling periods, and we
are aware that leaves can be easily flushed by
flash-floods and many small leaves are not
entrained in the patchily-distributed standing
leaf packs and debris dams. In our study, leaf
litter standing stock range was 3.7-60.6gAFD-
Mm2, similar to that found by Colén-Gaud et
al. (2008) in forested streams in Panama and
by Li & Dudgeon (2008) in Hong Kong, but
different from those reported by Yule (1996a)
in New Guinea (40-230gDW.m), by Brito et
al. (2006) in Brazil (45.9-146gDW.m2) and by
Cummins et al. (1989) for northern temperate
streams (200-900gDW.m2), thus suggesting
that Gorgona Island streams probably receive
relatively high amounts of allochthonous litter
inputs but have low in-stream storage. Such a
high richness and abundance of allochthonous
organic matter constitutes the basis of the
food supply for macroinvertebrates, as gener-
ally accepted for closed-canopy, low-order
streams in temperate zones (Vannote, Minshall,
Cummins, Sedell & Cushing, 1980). Shredder
richness is higher than that of scrapers in such
streams, and this pattern has been reported for
some Australian tropical streams (Cheshire

et al., 2005). Scrapers and grazers in Gor-
gona Island are scarce, only Psephenops and
Eubriinae sp., as insects, and N. latissima as
snails were found, this latter restricted to a few
tens of meters from the confluence to the ocean
(this study, Gémez-Aguirre et al., 2009). This
pattern can be due to the low epilithic algal
growth due to low light transmission through
the canopy (personal observation) and the
low dissolved nutrient concentration. Besides,
microalgae were not observed in any gut con-
tent regardless of the feeding group analyzed
(shredders, scrapers and predators).

Spatial arrangement. The fact that most
shredder taxa showed a random and not conta-
gious distribution among streams may explain
the lack of relationship between environmental
variables and the guild. The low population
density has been pointed as a main cause of
randomness (Taylor, 1984). The random dis-
tribution of some insects can be considered
a strategy of survival in environments with
constant disturbances upon substrates or other
physical habitat. In Gorgona Island streams,
frequent flash flooding is an important asea-
sonal disturbance; hence, the colonization rate
of these resources should be rapid and should
exist high dispersal ability in most taxa. It has
further been found that with randomness, the
terrestrial insects prevent cannibalism, disease,
predator attraction, and, perhaps most impor-
tant, resource depletion (Dethier, 1959; Petitt
& Wietlisbach, 1992; Dhandapani, Jayaraj &
Rabindra, 1993; Schlegel & Bauer, 1994).

However, the most abundant taxa (1/3
of the total) exhibited a high mean crowding
index, and therefore as a whole, the shredder
guild can be considered as contagiously distrib-
uted (Fig. 2, Table 2). The most salient example
of contagious distribution was observed in
Chironomidae and Stenochironomus. Dipterans
are generally the dominant taxa in most islands,
including remote oceanic islands (Bass, 2003;
Craig, 2003). A likely explanation is that pre-
ferred leaves within the streams were in excess
(as observed by Peckarsky, 1980, elsewhere),
and then leaf litter standing stock could act
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as a determinant of the distribution of these
shredders among streams. These taxa were
associated with leaves of specific families such
as Sapotaceae (3 species), Lauraceae (2 spe-
cies), Euphorbiaceae (2) unidentified species,
Hieronyma sp.1 and sp.2, Pera, Mabea, and
Alchornea, Combretaceae (1 species), Caesal-
piniaceae (Bauhinia), Rubiaceae (1 species),
Bombacaceae (Ochroma pyramidale), Clusia-
ceae (1 unidentified sp and Clusia), Mimosacea
(3 species of Inga) and Moraceae (1 species).
This information can be relevant for future
decomposition studies. P. glaba shrimps were
also patchily distributed. However, we do not
rule out that the results on contagious and
random distributions of taxa in Gorgona Island
are an artifact of sampling method and of the
low number of campaigns, so, we recommend
further research.

Although we did not observe that shredder
richness changes with increasing riparian leaf
species richness in streams, according to Swan
& Palmer (2004) certain leaf litter combina-
tions may lead to strong non-additive effects
on ecosystem-level processes (e.g. breakdown,
respiration, nutrient availability) and commu-
nity-level properties [e.g. invertebrate spe-
cies composition (Hansen, 2000); inter-specific
relationships between macro- and microor-
ganisms (Lavelle, Lattaud, Trigo & Barois,
1994)]. In this sense, to better understand the
relationship between shredders and leaf litter
richness, it is necessary to identify the “key
leaf species” from the pool and what are their
effects (positive or negative) on the composi-
tion and role of shredders (Wardle, Bonner &
Nicholson, 1997).

Finally, three factors seemingly explain
the high richness and abundance of shredders
in Gorgonal Island, as a model continen-
tal island: (1) its continental origin, (2) its
current proximity to the continent (35km),
and (3) the high diversity and availability
of leaf litter and woody debris inputs to the
streams. We agree with Cheshire et al. (2005)
who propose that the scarcity of shredders in
tropical zones may be more a biogeographi-
cal than a simple latitudinal/climatic issue. We

recommend conducting more research in other
continental islands to validate our findings.
For instance, the low abundance and biomass
of insect shredders along 4 coastal streams
in Trinidad (Turner, Williams & Alkins-Koo,
2008) is in contrast to our results. Besides, we
found that although crabs, shrimps, aquatic
insects and semiaquatic-cockroaches coexisted
in Gorgona Island streams, cockroaches may be
more important for the ecosystem function due
to their contribution in biomass to the shredder
guild and due to the high amount of leaf lit-
ter found in their guts. We suggest testing the
generality of this pattern in other continental
islands and coastal streams.
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RESUMEN

Existe la posibilidad de que los macroinvertebrados
fragmentadores hayan sido subvalorados en las quebra-
das tropicales debido al sesgo geografico de los estudios
realizados, a limitaciones metddicas y a la influencia de
factores de escala local. A pesar de que los fragmentadores
son escasos en las quebradas de islas oceanicas, hipoteti-
zamos que son abundantes en Isla Gorgona. Los analisis
de contenidos estomacales de estos organismos se usaron
para identificar los taxones fragmentadores colectados en
quebradas con diferentes tipos de bosque. Se cuantificaron
el indice general de sobreposicion dietaria (GO por su
siglas en inglés), y el indice de valor de importancia de
cada taxon en el gremio (con base en biomasa relativa,
frecuencia relativa y proporcion de tejido vegetal en los
contenidos estomacales). El arreglo espacial de cada taxon
y el del gremio entre quebradas (i.e., contagioso o aleato-
rio) se determind a partir de varios indices. Se identificaron
31 fragmentadores, los cuales se dividieron en especialistas
(14 taxones), generalistas (10) y colectores-fragmentadores
(7). Hubo un GO completo del gremio (0.75, p<0.001).
Debido a su alta contribucién de biomasa y de abundan-
cia al gremio, y a la elevada proporcion de tejido vegetal
consumido, las cucarachas (Epilampra) fueron los frag-
mentadores-especialistas mas representativos, superiores
incluso a camarones y cangrejos. El camaron Potimirin
fue el segundo taxén mas importante seguido por el dip-
tero Stenochironomus. Entre los insectos acuaticos, otros
taxones de importancia secundaria fueron Leptohyphes
(Ephemeroptera), Macrelmis, Anchytarsus y Tetraglosa
(Coleoptera). Diez taxones mostraron un patrén espacial
de contagio, y 21 se organizaron aleatoriamente, al igual
que los recursos (i.e., “paquetes” de hojarasca). Aunque
el gremio se organizd contagiosamente, estos resultados
pudieron estar altamente influenciados por los taxones con
distribucion del mismo tipo. No se encontraron correlacio-
nes significantes entre la abundancia media, la riqueza y la
biomasa media con ninguna de las variables ambientales.
Tres factores explicaron la alta riqueza y la abundancia de
los fragmentadores en Isla Gorgona: (1) el origen conti-
nental, (2) su proximidad al continente (35km), y (3) la
alta diversidad y disponibilidad de hojarasca y de desechos
de madera dentro de las quebradas. Aunque cangrejos,
camarones, insectos acuaticos y cucarachas-semiacuaticas
coexistieron en la isla, estas ltimas fueron, en términos de
biomasa, los fragmentadores mas importantes.

Palabras clave: trituradoras, hojarasca, la superposicion
en la dieta, la disposicion espacial.
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