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Community structure of Neotropical wetland
insects in Northern Venezuela.
Il. Habitat type and environmental factors

Maria Eugenia Grillet', Pierre Legendre” and Daniel Borcard®

With & figures, 1 table and 1 appendix

Abstract: This study eaamined the spacial distibution of wetland insects o relaticn o
sedected environmental variahles in northeasiern Venezuela, Sampling was carted ol
over o sampling pericds (rainy and dry season) in seven wetland cypes (hrackish and
freshwater herbuceous swamps, mangrove swamps. [reshwater ponds, clear-cul marsh
forests, small irdgation casals, and seamp Torests ), covering three envirommental gra-
dients (salinily, agquatic vegetalion type, aod habital permanence). Using the partial
redundancy analysis, we determined that oceomence and abundance of nsects was sig:
nificantly (P <005 accounted for by the relative contributions of pure eovironmental
§20— Ay andd habica tpesreluted (1215 50 variations among wellands, Waler chem-
istre (salinity s, wetland wophic state (phyioplankion, Tabital belerogencily Cagualic
veselation typed, and habitar physical features (depth and babital permanencel were
sipnificantly associated o community structure. Insect richness weas higher in the less
suling, more vesetated, and less temporary wetlands, O findings add o previous re-
sults suggesting that adversity, productivity, heterogeneily and pernanence of the hab-
iar represent important ases along which Neotropical wetlund insect communities are
ol eed,

Key words: Aqguatic inseets, communily strociure, wetland type-related disiribution,

Introduction

Witlands and distributions of orgamsims that inhabit them are typically hoetero-
geneous in space and tme. Therefore, spatial and temporal variability are
essential factors in the study of factors influencing wetland insect commu-
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nities. Habatat features as habitat permanence or habitat heterogencity and bio-
tie interactions such as predation are known o influence local assemblapes of
wetland insect species (Barzer & WissinGER [996, Barzie et al, 19997, Most
ol these generalizations are based upon studies in lemperate ecosystems. By
contrasl, few studies have addressed these aspects in neotropical wetland in-
sects (Heckan 1998, Cirieeer 2000, Grieeer et al. 20027,

In a previous paper (GRICLET ¢ al, 2002) we showed how the changes in
nsech community structure in several Neotropical wetlands in northeastern Ve
nesvelt conld be partially accounted Ter by a temporal gradient representing
seasonal varialion in the wetlands and the overlap in lemporal and environ-
mental components. Scasonal chanpes in precipitation (as a broad-scale faclor)
were reflected in local wetland conditions {water depth, wetland trophic state,
and waler chemistey ), which, in twrn, corvelated well with seasonal differsnces
in taxn distribution, Insect strategies (life history pattcrns) lor coping with the
seasonal variation in the habitat were suggested as a possible cxplanation of
their temporal distribution, In that study, the relative importance of dilTerent
Lictors varied markedly between habitats, suggesting that purely local spatial
variation related to the wetland type could alse be important in the assessment
of the Tactors influencing insects assemblages.

In the present paper, we explicitly address the spatial (among-habitat) var-
tation in the distrabutien of wetland insect communities. The hypotheses thal
the wetland insect distributions are non-random at the scale of the swdy, and
understundable, in part, by the relative contribution ol abiotic and biotic factors
as well as the habital type was evaluated, Abundance and spatial distributions
of insects in relation Lo habital conditions are assessed and the communily
structure s investigated by parlial ordinadion techniques. using the vartation
partitioning approach of Borcarn et al. (1992), The following explanatory var
tubles (or community assembly were considered: a) pure environmental varia-
tion, b wetbimd 1ype-related variation shared with cnvironmental variation, ¢)
pure wetland type-related variation, and db undetermined variaton,

Understanding insect distribution patterns along environmental gradients
can provide insight imo mechanisms structuring their communities, Thus, ara-
dients of three environmental variables were chosen s the main axes along
which the wetland insect communities should be organized: salinily, aquatic
vegetation type, and habilat permanence (Batzer & WissinGer 1996, BaTz2ER
ebal, 19999, These gradients coulil be interpreted as measures of adversily
fsensu Sourirwoon [OTTE structural hetersgeneity (senso Org & Risa 1989,
and habitat permanence (sensu WiGains ot al, 1950), respectively. It was ex-
pected thal taxon richness would be lower in adverse, non-vegeliled, and tem-
porary aquatic habilats {BaTzer & Wissincer [D96).

In this stidy we addressed the Tollowing questions: (i Arve there posilive or
negative associations between abundance of some insects and selected envis
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renmental factors? (i) Are there parlicular associations between different wel-
land types and the abundance of taxa? {iil) How do these associations dilTer
berween the dry and rainy seasons?

Materials and methods

Study area

The study area hus been described 10 detal elsewhere (Girieeer 2000, e et al,
20021 The wetlands were located und sampled o the coastal area of the Paria penin
sula CROT 17N, 63 57 W), noctheastern Venceuela, Memn anoual wemperature and rain-
fall in the area are 2228 70 and 1200100 mm. respectively, There is o rainy season
frenn May 1o Movember, and a dey pedod from December 1o April.

Sampled water bodies or habilnts were classified according 1o warer salinily,
aquatic vegetation and hydroperiod (Crieeer et alo 2002)0 Permanent, seascnal and
temporal wetlands were wel all vear, Tor Yor & months, and For 4o 6 months cach vear,
vespectively, Mozt wetlands were generally shallow, having 2 mean depth <1 m and
they were called brackish (fha) and Preshwater hecboceous swamps (Fbs), ponds
P 1, mangrove sweamgs g ), clear-cul marsh forests (Cemf L smull irrigation ca-
ks (e, and ST forests (57, The individoal weetland Ly es Wels dleseribed in
detail elsewhere (GrmLLET e al. 20020, except the Canal and SO wetlands, Crnel wera
permanent small apricullucal inigation canals, whereas the 5 wetland was a lemporal
swamp wood with o closed canopy of dominant trees of Perecarmaes spoand palms of
The genus Fufeepe,

Sampling design

T determing the distribution of aquatic insecls among different wetland types, sim-
pling was corried oul al 28 Tabitars doving the late rainy season (Chctober |9y repre-
senting 4 Mang, 6 Bhs, 3 Fhsd Pond, 3 Comfl 4 Conads and 4 50 wetlands. A addi-
tional sampling was carried out at 16 habilals doring the carly dry season (Feboary
995y incloding 1 Meng, 3 e 5 Fhe 2 Pord, 4 Canad, and | 57 wetlunds, Organisins
were sampled with o loog-handled Tadle or dipper (Soormaoon & Himbersos 20007,
and the number of individuals per dip was caleulated Trom 20 dips from each collec:
ton site DGR et al, 2002 In the GOeld, the water volume Grom cach dip was
sieved, and the collected individuals preserved in 50% cthanol. In the laboralory, the
insects were counted aod identified o Gunily (Muriere & Comsss 19840

Environmental variables

Before insect sampling, we characterized the Tollowing environmental vaviables (Tahle
L Lvpe of aguatic vegetation {emerpent, loating, or submerged: nominal variablel, to-
tal cover (%) of aguulic vegelation, mean height of emergent vegetation above the wi-
ter surface, water chlorophyll-a content, mean water depth, lemperature, pH, salinity,
conductivity, alkaliniy, dissolved osygen and, dissolved carbon dioside, Wetland type
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Table 1. Description and covironmental wariables (mean © SE) used o characterize the
wetlands during the wainy (top) and dry (hottom) season sampling in northesstem Ye-
neeanela

Varnahles Hahirat typues

iz Fi Pt Mang! Comd™ Conet 87
Hatsitan duration’ | B B3 ST 5 T PiT T
Aapualic vegettion’ BY [ELS EV, Fv. MYy [EL L MY
Mearer deptly 20=5 3d—4 28+ LT 15435 2403 1341
[T lh=| 201 Mad | TS
S eelition L Al 2 [ Fo 0 a4 | 1 1}
cuver §9) AR 5| =20 02123 - n
Wepelatim EIER wg=27 Ukt E 0 Ul=ivoou n
hcipdil i) (PR 2In+3a | 160k 54 i
lemperniti Bt 2EL i et | 2] 1248 ot fast 2241
[ 2=l EEER N =0 - H+n
il LR 1 Rats G510 akd GHEl G590 aat0

TALO TN TAALn H.24100
Cvpen Nt [ B ad=us Ol sk 2621 2]
(gl 0 Lk .2 (Bl | Hl={L5
Salmity A2 il il 1144 i ] 1l
o 1.7=0 (R il . 1
Conductiviy FOITERSA HITHI6 15602 FLIME6434 91720 A3TL00 TAD+ A0
PR 2 AAGARARAT  IGHED+Ra MFS=20s TS5
Aikalinioy 12128 176014 LA E L E el AXEER 22U [h5ES]
TN AR2= 11 SR I (V0 E ] - 12+
Co (AR i 2440 R WidLs A6 ilal
(gl L A1 40 L4 L541
Chleroplie e L2142 3T =z Kb 1244 EERY 71
padll il H ) B 210 A4t 51+4

DDl one labin wis sampled in e dry seiain
1 .
Wl dred oot completely o the dre senzon

O permanent; Sseasennl; T, el

BV, smerpend vegetation: Y oating vegetation: WY o e etision,
Fifes = Brackish heshoceous swumps P = Freshaator libaceous swamp P = Fol; Adase Munzroe;

Comnf = Clear-con s h eesny Caed = canaly 80= Swamp lees,
¥ | |

and habitar permanence dat were incorporated o posterion? as nominal variables in the
ara madrix of cach sampling occasion.

Data analyses

All statistieal analyses were performed separately Tor the two sampling periods. Insect
community structure was related 1o environmental variables using redundancy analysis
LREAL Taxa abundance data were transformed (o preserve the Hellinger distance
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amang samples prior woothe analysis following LEGENDRE & Garlacier (2000, De-
Lils abwnit the wse of this kind of mransformation for the ordination o cur insect data
were provided elsewhere (Grineen el al, 2002) In addition, partial RDA was used 1o
determing whether the interpretation of insecl abundunce variation could he attribuled
lor the envirnmmental and wetland lype-related Factors separately, using the method of
variatiom parlition proposed by Borcar el al, (19923, The variation partition proce-
dure involved the following steps: (1) compute the variation accounted For B the envi-
ronmaental variahles: (23 compute the variation accounted lor by the wetland type; (33
compute The variation explained by the environmental variables afier removing the ef-
fect of the wetland Wpe by parial RDA; (41 compule the variation explained by the
wetland type after removing the effect of the envirommental variables by partinl RDA.
The total explained variation (component e + & + ¢ was the sune ol the explained var
futions in (1) and {43 orin (23 and (39, The wetland type nonerelated (pune) envicon-
mental variation (component o} was given by step (3, and the fpure) wetlund type-
related variaton (component o that was nol associaled o the environmental variables
was miven by step (4 The variation shared by the wetland type-refated and EIErnn-
mental variahles (component b was obtained by subtracting (33 from (1) or (21 rom
(b1 The unexplained portion of variasion (residual variation, component «) was caleu-
lated 8 o = | — (g = 5 + cn The compater program CANGCO & (rer Braag & S
Launi 198Ey was used or all the analvses. A forward selection procedure peomitied (o
select the most signilicant vaciahles (2 <0051 i the model, Finally, the signilieance of
the averall nodel was tested using 999 Monte Carle permutition 1es1s,

Results

Habitat characterization, insect community structure and spatial
variation

Overall, the Mang habitats were the most brackish wetlands, and withoul
macrophyles (Table 1 High CO- and phytoplankion levels were the main
habitat conditions for the Bhs wetland, Poored habitats were the warmest and
more nxyeenated wetlands, with great amounts of phyioplankoon and a Jow al-
Kalinity. The deeper and emergent vegetation dominated sites were Tound n
the Fhy welland. The Canal wetland was the habitat with the Towest level of
phytoplankion, but high values of oxygen, pH and alkalinity {Table 1)

A total of 38 insect taxa were collected for the 44 habitats during the ramny
and dry sampling sessions: however, a maximum of 31 taxa were considered
in the analyses (see Appendix), The total mean density of insects ranged [rom
25 {rainy season) o 3% (dey season) individuals/dip among wetlands, During
the rainy season, the fauna was dominated in abundance and occurrence by the
ipterans Culicidag, Cerstopogonidae and Chironomidae, whereas a more di-
verse group of taxa predominated during the dry season (Culicidae, Helodidae,
Veliidae, und Bactidae). Spatially, the highest taxon richness was observed in
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the vegetied and permanent wetlands (e.g.. 28 taxa each: Foy and Canad wet-
lands, see Appendix), whereas the lowest richness was recorded in the most
saling (Mang: 11 taxa) followed by the most temporary {e.g., Comft 14 taxa)
wetlands. Seasonally, the highest richness and insecl abundanee (28 taxa with
L individuals in total at the Bhsy was recorded i the diry season,

General and partial ordination, and associated factors

The relationship between insect abundance and the envirenmental and wetland
type-related variables together was highly significant i both sampling periods
feompenent @ + &4+ o, P0001), accounting for 48 % (rainy seasony and 61 %
(dry season) of the total variation of the community (Fig, 13 Insect abundance
was more predictable during the dry season than rainy season, Components #
(pure enviconmental varialion) and ¢ (pure wetlamd tvpe-related variation) also
were significant (£ <0.001) in both periods. ranging, respectively, lrom 29 %
and 125 (rainy seasond 10 34 % and 15 % (dry season). Component & meuant
the Tracuon of variation of insect taxa cxplained and equally atiributed 1o 1he
enviranmental and the welland type-related variables, The amount of wies.

10 - . 3
50 -
a0 =
Tk
[
50 -

0 %

I

Fercentape of varlation
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Rainy svasen [y simson
Sampling period

ClazEnvirnnment I:flhil:r:ln;ﬂ;li;ﬂhr."‘m'l.ln;ll.l. lvp E crwedlaml Gy Tl naletermined |

Fig. L Yarialion partition of the wial variation in the wetland insect commuonity from
northern Venerueln based oo oa parial RIDA ocdination. Insect variation stiribored o
environmental varation independent of any wetland type-related variation icomponent
ad, variation shared by the wetland type-related and eonvirommental variahles (eom-
penent &, pure wetland 1ype-related variation {component ©) independent of any envi-
rinnmental variable, and unexplamed variation (component o).
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plained variation (rainy season: 52 % and dry season: 39 %) indicated that
other external Factors, not taken into account inowr study, were also mnportant
ininlluencing the insect assemblages in these wetlands,

For the rainy season, the liest two canonical axes in the RDA model ac-
counted for 22 % of the variation in the insect community, although only the
First axis wis significant (2-<0.001; Fig. 2). Ten taxa were well-represented in
the dingram and three families of dipterans (Culicidae, Ceraloposanidae and
Chironomidae) dominated the ordination (Fig, 23 Insect distribution along or-
dination axes was maostly relted with water chemical (salmily and COr), wel-
land trophic condition (phytoplankion), habitat Teatures {aquatic vegelation
type, vegetation cover, habitat permanence, and water depthl, and wetland
type (Meng, Fhs, Bhs, and Comf; Fig. 23 The eatrophic, brackish and high
C0s level sites of the B wetland (positive and negative side of axis 1and 2,
vespectivelyl were churacterized by the biting midges (Ceratopogonidael,
whereas the Culicidae (positively) and Chironomidae (negatively) woere asso-

Rainy scason sampling: component o+ & + ¢
1
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Fig: 2. Corelation biplol based on g REA ordination of insect abundance {dashed
artowes) and the environmental (solid arrosws and iangles) and wetland type-related
[actors (squares) during the rainy season sampling period (conponent & + &+ ok Lual-
itative varinbles are indicated by wiingles and squares. Caly the environmental factors
retained in the model by the forward selection procedure (2 <0051 and the s with
=30 % of their vartanee accounted Tor by the diagram are shewn. Culi = Culicidae,
Chir = Chirenomidae, Cern = Ceratoposonidae, Note = Noteridae, Dyl = Dyvtiscidae,
Fyden = Hydrophilidae, Helo = Helndidae, Yeli = Veliidae, Plei = Plaidae, Belo = Be-
lospomaticae.



444 Maria Eugenia Grillet, Pierre Legendre and Daniel Barcard

1350
I
Cali]!
Iy
I
675 ll
&
E.i-'__
% 0.0 |-
-
g
=
635
i
1S 3 } =
.13.50 38 ik s 13.50

RIDA axis 1 (11%)

Fig. 3, a

clated to the water salinity, Additionally, moesquitoes dominated the Mg
wetland (Fig, 21 The more vegetated (Mrs and Comfl, temporary (Cemyg) and
deeper (Fhs) wetlands were characterized by the water beetles (Helodidae,
Dytiscidae, Hydrophilidae and Noleridae) and water bugs (Pleidae, Belosio-
miticlie, and Velidae),

Resulis of the variation partitioning of the insect assemblages during the
riiny season sampling (Fig. 3) showed how the communil ¥ patlern could be
parly due 1o the purely environmental teomponent ) and wetland 1vpe-
related {component ¢} variation. In component g (Fig. 3a), on the one hand,
we identified a true environment-insect relati miship that remained even afler
partialling out the effect of wetland type, Indeed, the chemical, trophic cond
tion, and aquatic vegetation gradients described previously (Fig, 21 separated
inseel taxa along this new ordination biplot: On the other hand. the resulls -
vealed new insect distribution patterns that came oul when we removed wel
land effects (Fig. 3at For example. six new Familics belonging to the sroup of
the odonates (Carduliidae, € wnagrionidae, Peotoneuridae, Libellulidae, and
Lestidae) and hemipterans (Mesoveliidae) appeared in this meodel as a resull of
their positive relationships with the cmergent vegetation amd witer depth,
Likewise, mosquitoes were linked to rthe emergent vegetation {(Fig, 3 a) In
compaonent ¢ (Fig, 3 b, although all 7 wetlands were retained in the partial
model, the Fis, Canal, Pond, Mane amd Cong habilats contributed most o the
spatial variation of insect taxa, Families of soldier Hies {Stratiomyidacz), witer
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Fig. 3, a) Partial RIDA correlation biplor For the vy season sampling representing the
environmental vaciaton independent of any wetland cype-related variation (component
ot Bovironmental variables are represented by sobid arrows and triangles, insect fami
lies are displayed by dashed arvews, Onoly the lirse oxis was sigoilicant (8 = 00000 Bb)
Baplot of the component ¢ {partial RDA of the s agains wetland type-related varia-
Bles while conteelling Tor the environmental vanables), Wetland oype-related variables
are represented by squares, Omly the First axis was significant (F = (0001 Culi = Culi
ciddae, Chir = Chironomidae, Cera = Ceratopogonidie, Stra = Stratiomyidae, Nole =
Noteridae, Hydry = Hydrophilidae, Helo = Heledidoe, Meso = Mesovelidae, Veli =
Weliidoe, Moto = Mowneelidae, Pler = Pleidae. Belo = Belostomatidae, Cont = Cori-
dae, et = Gerridae, Coen = Coenagrionicdae, Prol = Protonearidae, Cord = Cordulii-
clae, Libe = Libellulidae, Lesti = Lestidae.

bugs (Corixidae, Netonectidae, Gerridae and  Mesovellidae) and odonates
(Coenagrionidae, Proloncuridae, Libellulidae, and Lestdac) came out in this
ordination diagram, emphasizing particular wetland association. The distribu-
tion of mesquitoes (Culicidae), soldier Mies (Stratiomyidae) and protoneurid
damsellies was accounted Tor by the Mane wetland. Canad wetland was char-
actertzed by midoes, some damselllies (Coenagrionicdac), and some waler bugs
i Mesovelidae and Corixudae). Most of the water bugs (Gerridae, Notonecti-
dae, Vellidae, Belostomatidae and Pleidae) and the taxa Helodidae occurred in
the Comyf and Pondd wetlands, whereas the other water beetles (Hydrophilidae
and Moteridae ) and odonates (Lestickoe and Libellulidae) characterized the #fs
and By wellands, Finally, the biting midges (Ceraloposonidac) were linked o
Srand fhs wetlands.
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For the dry season sampling, the total explained variation (o 1 b 4 ¢ =
62 %) m the mseet community was highly significant (7= 00010. Fourteen
taxa were selected o the model, whereas Tour of them (Culicidae, Helodidae,
Bactidae, and Velitdae) dominated the erdination (Fig, 41 RIDA asis | elearly
represented site-specific variation in trophic (positive side) and physicochemi
cal condition (negalive side) among habitats. Ordination of msect taxa along
this axis provided evidence that the mosquitoes, coleapterans {Helodidae, No-
teridae aml Dytiscidac) and the gian waler bug (Belostomalidae) oceurred in
eutrophic and emergent vegetation dominated wetlands (Bhy and Fhv), Al the
opposite end of Axis 1 (Fig, 43 the warmer and oxveenated Poned wetland was
dominated by dipterans (Cerstopogonidae, Stratiomyidae and Tipulidag), he-
mipterans (Mesoveliidae and Notenectidae) and ephemeroplerans (Ephemeri-
daa}. The Tipulidas, Ceratopogonidae, Stratiomyidae, Notonectidae amd Meso
velidae also were associated with the high-conductivity sites in the Mang wet.
L falong axis 2 negadive sided, whereas the deeper. more oxygenated and
non-vegelated Camad habital, on the opposite side, was characterized by Boeti-
dae, Veliidae, and Corixidae.

The insect taxa discriminated either i component @ or ¢ durmg the dry
season sampling are shown in Fig. 5. The Chironomidae, Dixidoe, Gerridae
and Corduliidae came out in the component & (Fig, 5a), showing positive as-
sociations with deeper (Gerridac), cutrophic (Corduliidae), warmer and emer-
went vegetation dominated (Chironomidae and Dixidae) sies, Here (Fio, 240,
we newly conlirmed the importance of the trophic and aquatic vegetation gra-
dients in the msect spatial distribution, In component ¢ (Fig, 5hi. the wetlands
that contributed most o the vartion ol organisms were Bhs, Pord, Mearg, and
fFhs, Some dipterans (Culicidae, Tipulidae and Diidac), the marsh beetle (He-
lodidae), the narrow-winged damselfly (Cocnazrionidae) and the common
burrower {Ephemeridae) chamcterized the Bhs wetland, The small minnow
maylly (Bactidact, the midges (Chironomidae) and some hemipterans {Velii-
dae and Pleidae) predominated e the Feered wetlind, Finally, o group belong-
ing to the Diptera (Ceratopoeonidae and Steatiomyidac) and Hemiplera (Cori-
xicdae, Gerridae and Mesoveliidae) as well as the water scavenger beetle (Hy-
drophilidac) appeared as nxa closely linked to the Mane and Fls wetlands
iFig. 3b).

Discussion

The spatial (among habitats) and temporal {amons seasons) distribution of in-
sects in our study was prediciable on the wetland tvpe and measured habita
viriables, In particular, owr results suggest that the water chemistey (zalinity),
witland trophic siate (phytoplankton), habitat heterogeneity (due to aguatic
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Fig. 4. RIXA correlation biplot representing each set ol eovironmental (solid arrows)
and wetland tepe-reluted Tuclors fsgquares) as well as insect taxa (dashed arows) dor-
ing the dry scason sampling period (component @ 4+ & + o) The liest tvo canonival
axes in the model accouned sizgnificantly (P=0000) for 27 % of the variation. Culi =
Culigitlie, Cera = Ceratopogonidac, Tipy = Tipulidae, Siea = Stratiemyidae, Mo =
Motericdae, Dyl = Dytiscidae, Helo = Helodidae, Meso = Mlesoveliidae, Vel = Vehidae,
Moo = Motoneetidae, Belo = Belostmatidae, Corl = Corizidae, Bacl = Bactidae, Ephe
= Ephemuerida,

vegelilion type). and habitat physical features such as depth and habitat per-
mEnence are important habital axes along which Neetropical wetland insect
communities are organized. In general, the taxonomic richness was larger in
the lreshwater, more vegetated, and less temporary wetlands, agreeing with
previous results for temperate insect communitics (Batzer & WISSINGER
1906, Barerwr et al, 19999, Additionally, inscet vichness was higher in the
early dry seasan than in the lale rainy season, supporting previous resulls for
MNeatropical wetlands (Griverr eral, 2002, Heokman TH98),

Ammong habitats, extremely saline wellunds, such as Mang, were character-
ived mainky by high densities of only a lew laxa belonging to Diptera such as
mosquitees (Culicidae), soldier Mies (Stratomyidae). biting midges (Ceralopo
gomidae), and crane flies {Tipulidach In general, these families fure particu
larly well across adverse habitat conditions (WiLLIams & FELTMATE [992)
Fawal diversity and salinity tend to be negatively corelated (Batzer & Wis-
siNGER 19967 howewer, this relationship is not straightforward and may be
confounded by other concomitant eilects. Here, the saline habitals had no
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aqualic vegclation, were non-permancnt and had typically high nutrient levels
presumably due 1o inereased primary production, Conseguently, the lower ob-
served diversity in the Mang wetland could be due to reduced habitat helero
seneily (Batzir & Wissincir 1996), low habitat predictability (WiLLiams
19877, andfor the anoxic conditions due to excessive nutrient enrichment
CTianas 1983, WorLism & Lovvorn [990),

The distribution of taxa changed between the two sampling periods mainly
in response 1o phytoplankion concentration; the effect of this fuctor was more
significant and predominant during the dry season (GricLer et al. 2002). In-
deed, the higher insect richness observed during the early dry season was due
minly toan increase in the herbivore-detritivore group {such as the Tipulidae,
Dixidae. Stratiomyidae, Ephemeridae, and Bactidae), which, in tum, could be
explained by an increase in algae, algal detritus, andfor plant detrius as the
dry season progresses. The temporal eutrophication of these wetlands was de-
scribed previously (GrILLET el al. 2002),

The highly vegelated wetlands, such as the Treshwater Bhs. Fhs, Pond and
Cemf habitats, had high taxon richness (Diptera, Hemiptera, Coleopler, Odo-
nata, and Ephemeroptera) as well as hugher numbers of less common taxa such
as the Ephemeroptera or the dipterans Dixidae and Stratiomyidae. This is pre-
sumably because macrophyles increase the habital heterogeneity. with plants
serving as cover and habitat for invertebrates and as a substrate for algal
arowth, thus allowing more taxa to coexist (Barzer & WissinGeEr 19960 In
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Fig. 5 a) Cortelation hiplot for the dry seasen sampling representing each set of envd
ronmental (solid arrews) and the insect families (dashed amows) as wlentified in the
partial RI3A of the taxa against environmental variubles while contrelling Tor the wet-
land type-related (component @) Only the first asis was significam (7 = 0OTL b)
Biplot of the component ¢ (partial RDA of the axa against wetland Lype (squares)
while coptralling Tor the enviremmental variables). Only the [rst axis was significant
(= 0000 Culi = Colividae, Chir = Chironomidae, Cern = Ceratepogonidae, Tipu =
Tipulicdae, Stea = Strativmyidae, Dixi = Dixidac, Dyli = Dyiiscidae, Hydro = Hydro-
philidae, Helo = Helodidae, Meso = Mesoveliidae, Veli = Velildae, Noto = Notonecti-
dae, Plei = Pleidae, Belo = Belostomatidae. Cord = Corixidae, Gerni = Gerridae, Coen
= Cocnagrionidae, Cord = Corduliidae, Baet = Baetidae, Ephe = Ephemeridae.

particular, (hese habitats were dominated by emergent plants, a growth form
that seems 1o support more taxa than other macrophyte growlh forms such as
submerged vegetation (Worrnaemm & Lovvorn 19961 In addition, low dis
solved exygen in the emergent vegetation-dominated habitats (e.g.. Fhy, Bhs
and Certf) also can limit fish predators (Murkin 1989, WorLHEM & Loy-
VORN 1990).

We found that highly oxvgenated habitats such as Peerd and the Canal wel-
lands also had high laxon richness belenging mainly o Cdonata and Epheme
roptera. The positive relationship among these taxa and oxygen is well-docu-
mented (Batzer & Wissincir 1996). Additionally. changes in insect abun-
dances linked to water level throueh the space and season in these wetlandy
also were important, Most taxa belonging to the Coleoptera, Hemiptera, Odo-
nata and Ephemeroplera, as well as the Chironomidae, showed positive rela-
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tionships with depth (which is a function of habitat size), agrecing with provi-
ous obmervations (e.g., BazzaNt et al. 99, Gricier et al, 2002 and sug
gesting thal large water bodies support a preater diversity of insects than small
ones. Indeed, the deeper habitats in our study were the s, Pond and Conal
wellands, In particular, desper areas of habilats are more likely 10 be inhabited
by mayflies, some chironomids (mainly predators) and dragonllies (WiL1iams
& Friryate 1992, Warp 1992). In contrast, in our study. mosguitoes and
other dipterans such as the Stiratiomyidae, Ceratopogonidae and Tipulidae pre-
dominated in shallow waler conditions with high CO4 and phytoplankton lev-
els. indicating their association with detritus food (MERRITT & CUMMINS
[984).

The non-vegetated but less temporary wetlands such as the Caenal habitat
alsorhad high msect richness, mainly during the dry season, In contrasl, habi-
tats Moaded for short periods during the year, such as the Cemf and S had Jony
laxon richness. Frequent drying may limit the number of predators (mainly
odonates) in these habitats (BA1zER & WissINGER 1996), Longer hydroperiods
{mare seasons) can support a preater variety of phenologies and thus more in-
seel species. Additionally. tlemporary waters exhibit much greater amplitudes
i the physical and chemical variables than permanent ayuatic habitats, mak-
ing them adverse habilits at certain times, Temporary water species within
these groups invariably show special iraits in either their physiology or life cy-
cle, thus allowing them to be successlul in these habitats. Chironomidae, Cera-
tepogonidae, Culicidae, Hemiplera (some taxa), and Coleaplera (some laxa)
do particularly well in lemporary lreshwater habitats (WILLIAMS & FEUTMATE
1992, WarD 1992}, as was observed in this study.

The variance partitioning fechnigue used in this paper permitted a quantifi-
canon of “pure habitat tvpe-related™ variation, which substantially increased
our capacity to predict insect community structure, This coological informas-
tion could have been classified as “unexplaincd variation” if we would have
used only o simple RDA analysis (Borcarp et al. 19923, We identilied partic-
ular habitat type-insect associations not reluted to the measured environmental
variables despite of the broad txonomic level here examined, Water striders
were positively associated with ponds and mangroves, the protoneurid damsel-
ties did with mangroves, the small minnow may(lies were linked to ponds,
wl finally the common skimmers (Libellulidae), the spreadwinged dumsel-
fhies (Lestidae) and the commaon burrowers (Ephemeridae) were related with
brackish herbaceous swamps. Unmeasured Factors such as species-speci e life
histaries, hubital selection belavior, lacal cormmunity and popolation dynam-
ics, small-scale temporal und spatial variation or other abiotic and biotic varia
bles could be explaining this insect-habital relationship. For example, the spa-
tial arrangement of the habitat within the landscape could largely influence the
rates of colonization and dispersion of insects among habitats in these wet-



Community structure of Meotropical wetland insects 451

lands and explain the spatial distribution of some taxa, An caperimental ap-
proach and a beller msect taxenomic resolution are needed 1o account for
these pure habitat type-related variation in the community.

Finally, the wetland type and environmental variables used seem 1o have
higher predictive power of msect distribution in the dry season than in the
rainy season, This conld be understandable, in part, because during the dry
season the phyloplankton had a significant effect on laxa distibution as we
mentioned before. On the other hand, concerning the wetland type, this could
be comprehensible because during the dry season habitats are more limited
and the insect populations are more aggregated in few places than during the
rainy season, Our results illustrate the importance of a wmporal and spatial
scale approach to characterize different aspects of conumunity structure.

In surnmary, the fraction of the total vanation of the community that could
he attributed to the envirenmental and wedand type-related factors logether
supparted our hypothesis that multiple factors varying wmmong habitats and sea-
sons determine the broad-scale spatial patterns of aguatic insects in these wel-
Limels.
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Appendix 1. List, code and cecurrence (4, =)ol the insect g collected durng the
rainy (lefty and dry (right) season swmpling in the northern Venezoela wetlaods.

Tazom Hakbilat type
Code Bhs Fhy  Pond  Mang  Comf™ Coml 5

D¥plera
Culicidac® Culi 4y 4 bl +,+ +.+ +.f =+ ~.+
[ icaes Iixi ; : - - - = -
Chironoomidae Chir +, + +.+ +,+ +,.+ 4+, =+ -,
Ceratopozomdac®  Cera +, 4 4 1 . F L .k =F
Tipalidae® Tipu —, - : +.+ - F - /! —. J —
Straticnmryidae® Slra (B t, e +.4 hwh Fus 5+
Ephydridas® Epliy RETs F o —— bFo— = =+ =+
Puychodidae Paye -+ ; +.o— Hd = ==
Seiomyeidac Seio =, BEEgs S D ] Y . T
Fanpiclidae Emipi I i S S R
Muscidae Musc i iy ! ; B L — e
Coleoplers
Moterdae! Mote +.4+ .+ I, - e b o f, — +, 4
Diviigoidae® [yt +.+ =+ A+ = L+ o
Hydracnidae* Hyvilra o L —i— =t .
Hedraphilicae® Hyelro +.+ =+ = A B SR | # i
Helodidae® Hazles it +.4 - i +.d it i
Flmidae Elmi .= - - - - - - — =
Chrysomelidae Chry - 1 ot I - -
Hamiplera
Mesoveliidae" Pl ixsgn B +.+ b " —f 4k gt
Yeliiclae® Yildi S I S SR O R . +.5 4.4 {1
Nepidae® Mepi - —.+ =y, = - of L+ =
Cierricdas” Cierr . —.+ 4+, = - A+ +,+
MNotonectidae® Mo -+ o+, Fiik ; +.f - b
Pleadac® Plei by I by A — = +,.f 4+, + +.
Felostomatidag® Belo +it +, + g +,— .0 by T
Maucoridac® Mauic +,+ +, - + y T - =
Hehridae® Hehr +, o, 4  — — = -t i+
Hydrometridae®  Hydrom 4.+ 4+, + : o o
Corixidus® Cor —iF .- - - = I
Ciclomnatn
Coenagrionidac®  Coen +, + +.= 4.+ 3 +.,f 1 f, o
Lestidac sl b, —i— +,— - - =i
Protoneuridas® Prist +, + +; + e =i <t e i
Cordulindae® Cord +,+ 4.+ 4.+ A i
Libetluliduc® Libe f oot L T I
Areshnidae Mesh +, - = - - - o
Ephemeropiera
Bactidae® Baet -+ — — - B B —.+
Ephemeridae® Ephe —t 4 T ; B i
Trycoridae® Tryve = =t == == = s '
Number ol taxa 23,28 24,025 2417 (1310 14,0 23,28 200 17

F o retained i the analysis hose comprising = 3% ol occurrence),
i Wetlands not sampled during the dry season sampling.



