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ABSTRACT: Muyfiy disiribution nlong = longitudinal gradient in Serra de Clpd, southeastern Brazil.
The main goals of this study were to evaluate the spatial distribution of mayfly nymphs
and substrate associations along a longltudinal gradient in two lotic ecosystems of the
same watershed at Serra do Cipd, southeastern Brazil. The maln guastions addressead
here were: 1) Do mayfly nymphs present longltudinal zonatlon? 2) Do mayfly nymphs
present specific associations with the type of substrate? 3) Which are the main
consequences of mayfly distribution for the conservatlon sirategies of hecadwaters In the
Serra do Clpd? Samplings were realized In 1 up to 8" order reaches of the Indaid stream
and Peixe River, during the rainy and dry periods of 2000 and 2001, totaling 234 samplos.
Regarding the longitudinal distribution, most of the taxa showed a gradient (clinal). or
zone patierns, being restricted (or presenting higher denslties) to a specific river reach or
river section. The highest densitles of Baetidae nymphs were found Iin 4" up to 8" order
reaches while the Leptophleblidas and Euthyplociidae were found in higher densites In
the upstream reaches. The Baetidae taxa were found assoclated preferentially with aquatic
macrophytes, while the Leptophlebiidae and Euthyploclidae with pebbles, gravel and
sand deposits. The results evidenced differences in the taxonomic composition and
abundance of the mayfly fauna along the longitudinal gradient. The distribution patterns
and substrate assoclations call attention to the Importance of the preservation of the
natural characteristics of the altitudinal headwaters In Brazillan watersheds.
Key-words: Ephemeroptera, habitat diversity, substrate association, conservation, river
ecology.

RESUMO: Distribulgfie de Ephemeroptera ao longo de um gradients longitudinal na Serra do Clpd,
sudeete do Brasll. Os objetivos deste estudo foram avallar a distribuicio espacial de ninfas
de Ephemeroptera e associagdes com substratos ao longo de um gradiente longitudinal
em dols ecossistomas 16ticos em uma mesma bacla hidrogrdfica na Serra do Cipd, sudes-
te do Brasil. As principals perguntas que nortearam este estudo foram: 1) As ninfas de
Ephemeroptera apresentamn zonacgéo longitudinal?; 2) As ninfas apresentam assoclagbes
especificas com os substratos?: 3) Quals seriam as Implicacdes da distribuicéo dos
Ephcmeoroptera para a conservagéo de nascentes na Serra do Cipd? Foram rcallzadas
amostragens Intensivas em trechos de 1°. a 6. ordens ao longo do cérrego Indaié e rio
Peixe, nos periodos de chuvas ¢ seca de 2000-2001, totalizando 234 amostras, Quanto &
distribuicdo longitudinal. 2 maloria dos taxa apresentou padrdo de distribuicéo em gradi-
entes (clinal) ou em zonas, sendo restritos (ou com altas densidades) em um dotormina-
do habitat ou trecho de rio. As malores densidades de ninfas de Baetidae foram encon-
tradas nos trechos médios (4* a 6 ordens), enquanto gue Leptophleblidaes e Euthyploclidae
foram encontradas em altas densidades nos trechos de cabeceira (1° a 3* ordens). Os
Baetldae assoclaram-se preferencialmente com macrdfitas aquédticas, enquanto que os
Leptophlebildae & Euthyplociidas com pedras, cascalho e depdsitos de arelas. Os resul-
tados evidenclaram diferengas na composicéo taxondmica e abundéncia na fauna ao
longo do gradiente longitudinal, Os padres de distribuicfio & associagbes com substratos
ressaltam a iImportancia de preservagio de nascenies de aldtude no Brasil
Palavras-ochave: Ephemeroptera, diversidade de habitats, associacfio com substrato, conser-
vagdo, ecologia de rios. '
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introduction

The Ephemecroptera is a conspicuous and diverse group In the sediment and aquatic
macrophytes In lotic ecosystems of Serra do Cipd. and often constitute the dominant
group In the macroinvertebrate communities {Galdean et al., 1899; 2000; 2001). The
distribution and abundance of mayfly nymphs. regarding the zoogeographical limitations
and abilotic factors, are determined mainly by temperature, substrate type, current velocity
and water quality (Brittain, 1982).

Ecological studies about mayflies are still scarce In the tropics, with few conceming
distribution, diversity and assemblage structure (e.g., Ferreira & Froehlich, 1902; Froehlich
& Oliveira, 1997; Cliveira & Froshlich, 1997: Bispo & Oliveira, 19098). Cruclal information
such as longitudinal distribution and substrate assoclation in Neotropical freshwater
ecosystems are stlll to be determined. Despite the efforts of some authors In describing
such pamrerns, many studies are performed In temperate regions (2. g., Hawkins, 1984)
_and only a few studies based on Neotropical areas (e. g.. Baptista et al., 200la). According
10 vannaote et al. {1980) the structural and functional characteristics of Invertebrate
assemblages distributed along river gradients are determined by modifications In physical
facrors and fluvial geomorphologic processes along the river. These modifications Include
width, depth and flow volume Increase, forcing the benthic organisms to adapt rapidly to
the avallable energy sources, oscillating between heterotrophic (headwaters and mouth
reaches) and autotrophlc (medium reaches) metabolism (Callisto et al., 2001).

The study of mayfly spatlal distribution and substrare association in tropical waters
may reflect the overall quality of the ecosystems and also the main available trophic
resources. However, there are silll no studies about the longitudinal disirlbutlon and
substrate association of these insects In the Minas Gerals State. The main goals of this
study were to evaluate the spatial distribution of mayfly nymphs and thelr substrate
assoclations along a longitudinal gradient In lotic ecosystems of the Serra do Cips National
Park. The main questions addressed here were: 1) Do mayfly nymphs present longhtudi-
nal zonation? 2) Do mayfly nymphs present specific associatlons with substrate type? 3)
which are the main consequences of mayfly distribution patterns for the conservation
strategles of headwaters In the Serra do Clpd?

Study Area

Serra do Cipd is located south of the Esplnhago Cordillera (19°-20° S - 43°-44° W) In
the center of Minas Gerals State. The lotic ecosystems of Serra do Cipd belong to two of
the most important watersheds In Brazil, the Doce and S#o Francisco rivers, Within these
two watersheds, some regions are In nearly "pristine® conditions (e.g.. Indald and Capéo
da Mata streams, located within the Sermra do Cipé National Park) while others (Cipd, Pelxe
and Preto do ltambé rivers) have been affected by human activities to varyving degrees
{Galdean et al.,, 2000). The Doce River watershed is In the southeastern part of Brazll,
between the states of Minas Gerals and Espirito Santo, and with a drainage area of 83.400
km® The human population is about 2.8 milion In 163 municipal districts (FEAM, 1990}

The vegetation Is composed by troplcal savannah (locally called “cerrado™ in the
lower altitudes {700-000 m), rock fields (locally called *campos rupestres") in the highest
portions (above 1,000 m a.s.l.) and riparian forest In the humid valleys, along the river
courses. The climate Is classified as Cwb (K&ppen, 1931). with ralny summers and dry
winters, and an annual mean pluviosity of 1,500 mm (Galvao & Nimc - 19685). The longitudl-
nal gradient was studied in the Indald stream (1* up 10 4" orders) and Peixe River (51" and
&'" orders), both belonging to the Doce Rlver basin.

indaid Stream and Peixe River are characterized by acld to slightly neutral waters,
wlith the pH varying between 4.2 and 7.3 and high dissolved oxygen concentrations
(6.7 mg/l up to 0.1 mgl). The values of electrical conductivity are usually low {: 15 pS/cm
In the dry period and ¢« 25 US/Cm In the rainy period) and the water column presents low
turbidity (0 NTU to 34 NTU). The concentration of total dissolved sollds is low and constant
at 0.01 g/L. The remperawre Is highly varlable, with higher values in the rainy period, In
those reaches with open riparian vegetation (composed by rock flelds or degraded by
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pastures) and lower values In the well-developed riparlan forest reaches (in the 3™ order
reaches) (Callisto et al., 2001; 2004). A complete physical and chemical characterization
of the studied ecosystems Is provided by Callisto et al. (2001: 2002).

Methods >

Substrate collection

The samples were collected during the rainy (February) and dry (June) periods of
2000 and 2001, along a longitudinal gradient in the Indald Stream (1* up to 4" order
reaches) and Pelxe River (5™ and 6" order reaches). In each river reach we sampled the
most representative substrates, varying from one to four substrates collected per river
reach, totaling 120 samples In 2000 (60 samples In each sampling period) and 1l4 samples
in 2001 (57 samplas In each sampling period) (Tab.1 ).

B The samples were collected In triplicates, using Surber samplers (0.250 mm mesh)
with an area of 0.0625 m? (used In the substrates composed by gravel and sand, and In
the substrate composed by the leaves and branches of marginal vegetation) and 0.01 m?
{remaining substrates), and immediately fixed with 10% formaline.

In the laboratory, the samples were washed on 0.250 mm sleves, and the
macroinvertebrates were sorted and identifled under a stersomicroscope (40x) using thea
available litcrature {(Dominguez et al, 1992; Dominguez & Pescador, 1994; Dominguez ot
al., 2001; Lugo-Ortiz & McCafferty. 1985; 1996a: 1996bh: 1906C: Peters, 1071; Salles, 2002:
Salles & Lugo-Ortiz, 2002). The organisms were preserved In 70% alcohol and deposited
in the Reference Collection of Benthic Macroinvertebrates, Institute of Blological Sclences,
Federal University of Minas Gerals, Brazil

Table I: River streiches. riparlan vegetatlon type, ecosystems, and sampled substrais during the rainy
and dry periods of 2000-2001. *Collected only In the yaar 2000. *1S« Indald Streaam: PSs Paixa
River In Sobrado Farm locallly; PCs Pelxe River, confluence with Preto do itambé River.

liver stretch Riparian vegetation Ecosystem Sampled Substrate
1™ ordier FRupeatrian flelcds s Fllameamnous algas (Ra)>
™ orcier Rupostian ficids [~ Deposit of fine detritus (D)
2™ order Rupestrian fieids [ Algaa bicfim (Ab)
2™ ondex Rupastrian ficids s Mossos banks (Mb)
2™ orcler Rupestrian fieids [ Pabhies, gravel and sand deposis (Pgs)
Forder  Fiperian forost, closod s Moases baks ()
3 order mmdmad s Pebbies, gravel and sand deposits (Pgs)
3" ordar  Riparian forest, opon cenopy s Alges blofiim (Ab)
3™ order Riparian forest, open CEBNOpY 5 Mosses banks (Mb)
2™ order Riparian forest, open canopy -] Pebbics, gravel and sand depoaslts (Pgs)
4" order Rupestrian fleids ] Algae blofiim (Ab)
4® order Rupeosirian ficids -3 Mosans banis (Mb)
4" order Rupestrian fleids ] Pebbies. gravel and sand deposits (Pgs)
4 order Rupestrian flcids 5 Eriocaulacoac banks (Ebj
B order Secondary forest, pastures PS Augao biofiim (Ab)
5% ordler Secondary forest, pastures PS Mossos baniks (Mb)
5 opder Sscondary forest, pastures PS Pebbies, gravel and sand deposits (Pgs)
50 opder Sscondary forest, pastunes PS Submergod anglosporms (Sa)
a" order Secondary forest, pastures PC Deposkt of fine detrkus )
&h order Secondary forest, pastures PC Leaves and branches of marginal vegoetation (Mv)
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Longlitudinal distribution

Bastidas

This family presented wide distribution along the longitudinal gradient, being found
in all river reaches (Fig. 1). The highest density values were found in the 4% up to "
order reaches. Regarding the longitudinal distribution of baetid genera, the 5™ and 6™
order reaches were preferred by most of the Bactidae taxa (Tab. ).
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Figure 1; Total densities (ind/m®, median and standard error) of Baelidae, Aturbina georgel, Calllbaetls
sSpp.. Bastodes ci. serratus and Ciloeodles spp. along the longlitudinal gradient during the rainy
and dry perfods of 2000-2001 In the Indald Stream and Peixe Alver, *3a = riparian forest wiith a
closad canopy: 3b = riparian forest with an opan canapy.

Apobaetls fiuzai was found only In the 6™ order reach. Arurbinag georgel and Callibaerls
spp. presented a gradient distribution pattern, from the 3™ order (open canopy) up to the
6" order reach (Fig. 1). Camelobaetidius spp. was found In low densitles In the 2™ and 4
order reaches, being found In high numbers In the E' order reach (323.6 + 603.8 Ind/m?3).
Baetodes ci. serratus was found In low densities In all river reaches, except by the 4™
and 5" order reaches, which presented the highest densities (Fig. 1). Waltzoyphius fasciatus
were found only In the 5" and 8™ order reaches, with higher densities In the 5™ order
reach (187.5 + 892.7 ind/m32),

Americabaetis spp.. Cloeodes spp. and Paracloeodes spp. were the most abundant
and widely distributed raxa. These taxa were found In all studled reaches, except
Paracloeodes spp. In the 2™ order reach. This taxon present highest densities In the 5t
order reach, also being found in high densifies in the 3+ {open canopy} and 6™ order
reaches. Americabaetis spp. was the dominant taxon and presented a distribution pattern
similar to the Baetidae specimens, with higher densities In the 4™ and Sth order reaches.
Cineodeas spp. presaented high densities in the 1* order and a decreasing gradient from
the 3™ down to the 6" order reach (Fig. 1).
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Table II: Longltudinal distributlon and substrate assoclatlons of mayfly nymphs along the longitudinal
gradlent during the rainy and dry periods of 2000 and 2001. *Significant values by Dunn's test at
least In p:0.05. **Non-signlficani relatlonships, however with large density values. The
abbreviations are presented in the Table 1.

-

Taxa River stretch Substrate Typa
Bastidas
Amm”p. All, 59w gt ordar siretches All substrates @b and Srm'e)
Apobaotis Suzal ™ order streich Derius depoaits
Anbina geongol 3" (opan canopy) Lp 10 8% order siretches Ab, Pgs. BEb, Sm, Mve
Baetodas ci. sarmaus ‘“'W"V“"“"“""mmmm D, Fa, Mb, Ab*, Pgs, Eb*, Sm. MV
Catiaous spp. AL e e o s stretch (closed 1y, MD, AD, Pgs. EB, Sm. Mv
Camclobaosidius spp. 2™, 4™ and 5" order strewchos MD, Ab™, Pgs
Clooodas spp. All river sireiches (17 and 47" order streiches)  All substates (P and D)

All river sireiches, except by the 3™ order
Pemciooodos spp. ma“mm#muﬁ‘“ All substrates, Sm*

Wakrovphius fasciars 5 and 8% order siretches Sm* and Mv
Leptophisblidae
Askoda cf. froahdichi “m“"”ﬁ"“ﬂ"mmﬂ' order D, Fa, Mb, Ab, Pg@s®, Sm
Rarrodas spp. ’“‘mem D, Mb**, Ab, Pgs, Eb*, Sm, Mv
Hagersiopsis sp. 4% and 5™ order streiches Ab and Pgs*
Hagenudopsis T sp. 5" order streich Pgs
Marmanally spp. 4" and 5% order streiches Mb, Ab, Pgs, Eb*
Loentvaaria sp. 3~ (open cancpy) 5™ and 6™ order streiches Ab and Pge**
Amsssriaiie spp., 1* up 1o the 4" order swetches Fa, Mb**, Pgs
Miroculis sp, All river steches (3™ order stretches) Fa, Mb, Ab, Pgs*, Sm, Mv
Thraulodcs spp. T upe0 the 68 orcer streiches W e Ab, Pgs* and Mv
Leptohyphidas
Lopronyphes spp. ’"‘P“m”wwm D. Mb**, Ab, Pgs, Bh, Sm**, Mv
Loprolyphodes sp. 2™ up to the 8™ order streich MDb, Pga*e, Sme, Mv
Trcorytopssswpp. 3 (9PN canom) up 1o the &7 order sTSIches: [ yges, AD, Pga*e, Sm, Mv
Tricoryshodas spp. rmmmrm MD, Pgs, Mve
Euthypicolidae
m""" a2~ up to the 5™ order stroiches PEs
Polymitarcyldae
Asthenopus sp. a* and &% onder strench Pgs and Mve
CaMpeurs sp. 2™ up 1o the 3™ jopen canopy) srech MDb and Pgs*
Laptophisblidas .

Leptophleblidae aiso showed wide distribution along the longitudinal gradient, being
found In all rdver reaches (Fig. 2). A gradient in the distribution pattern of this family was
observed between the 1™ and 6™ order reaches, close to a nomal distribution curve. The
highest density values were found In the 3 order rcaches (closed and open canopy) up
10 & order reaches (Tab. II).

Regarding the longltudinal distribution of leptophlebild genera, two groups could
be observed: an upstream and a downstream groups (Table 1I). The upstream group was
composed by Askola cf. Froehlich, Miroculls sp., Massartelia spp.. and Farrodes Spp. The
Askola cf. Froehlich and Miroculls sp. presented a gradient from the 1* up to the 3™ arder
and down, to the 5" and @™ arder reaches (Fig. 2). Massartella Spp. also showed a
Hradient distribution pattern. although presenting high densitles in the 39 order reach
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{(closed canopy). probably due to Its specific association with a particular soft moss,
found abundantly in low current areas In this reach (Fig. 2). Farrodes spp. was found In
almost all river reaches, except In the 1* order reach. This iaxon glso shows high densitles
in the 3™ order reach (closed canopy) (401.0 + 1,058.3 Ind/m?).

The downstream group was characterized by scrapers and filtering-collectors (Pérez,
1088; Dominguez ot al, 1002; Merritt & Cummins, 1008) 'and composed by Hagenulopsis
sp., Leentvaaria sp., Hermanelia spp., Thraulodes spp. and Hagenulopsis sp.. Thraulodes
spp. was distributed along the entire studied longitudinal gradient, and Hagenuiopsis?
sp. was found only in the gravel deposits In the 5" order reach. The remaining taxa were
found in two or three reaches. with higher densites In the 4 and 5t orders (Tab. ).
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Pigure 3: Total densities (Ind/m®* median and standard error] of Lepiophleblidae, Miroculis sp., Askola
¢l. froelichi. Massartelia spp. nymphs along the longitudinal gradient during the ralny and dry
perfods of 2000-2001 in the Indeid Stream and Peixe Rivor *3a = riparian forest with a closed
canopy: ab - riparian forast with an open cCanopwv -

Leptolnyphides

Leptohyphidae was found in aimost all studied river reaches, except by the 1* order
(Fig. 3). Low densities were found along the gradlent, with an Increase In the 5" order
reach, mainly due to the high densities of Leprohyphes spp. and Tricornythopsis spp. (Fig. 3).
Tricorythodes spp. was found with low densities, while Leptohyphes spp. was the most
largely distributed genera, only absent in the I* order reach. The highest densitles were
found in 3™ and 5" order roaches (Fig. 3). Tricorythopsis was present In low densitles Iin
the 3™ (open canopy) up to the 8" order reach. except by the 5™ order reach which
presontod high densities (1,147.8 + 2,638.3 ind/m?®. On the other hand, Leptohyphodes
showed a marked gradient with an increase in the 3@ up to the 4* order reaches and
down to the 5" and 6" order reaches (Fig. 3).

L

Eutirypisgiidas
Campylocia cf. bocalnensis was the only spacies found. It could ba observed a

decreasing gradient In the densities of this species, from the 2™ down to the 5" order
reaches (Fig. 4). In all reaches this taxon presented a restricted and specialized distribution,
being found only In gravel deposits, close to the river margins.
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Figure 3: Total densities {ind/m?*. median and standard error) af Laptohyphidas, Leptohyphes spp..
Leptohyphodes sp., along the longiiudinal gradiem during the rainy and dry periods of 2000-
2001 In the Indald Stream and Paixe River *3a = riparian forest with a closed canopy: 3b =
riparian forest wiin an open canopy.
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Flgure 4: Total dansitlas (ind/m? medlan and standard error) of Campylocla cf. bocalnenses
(Eurhyplociidae) along the longitudinal gradient during the ralny and dry periods of 2000-
2001 In the Indald Stream and Pelxe River *3a - riparian forest with a closed canopy; 3b =
riparian forest with an cpen Canopy.

Polymitarcyidee

This family was represented by only two species, Campsurus sp. and Asthenopus sp.
Campsurus presented a decreasing gradient distribution pattern from the 2™ up to the 40
order reaches (Fig. 5). Asthenopus sp. was found In the 3™ (closed canopy) and 6" order
reaches. The higher densities of this family was observed in the 2™ and 3™ order reaches.
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Figure 5: Total densitles (Ind/m?, medlan and standard error) of Campsurus sp. (Polymliarcyidas) along the
longltudinal gradient during the rainy and dry periods of 2000-2001 In the Indald Stream and PeIxXs
RAlver. *3a = riparian forest with a closed canopy:; 3b = riparian forest with an opan canopy.
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Subsirate Assoclations

Regarding the substrate associations, mayfly nymphs showed a distincted composition,
with most of the identifled taxa being found in a few substrate types (Tab. [I). The
substrate compasad by pebbles, gravel and sand showed the highest taxonomic richness,
with 23 1axa found. while the Erlocaulaceae banks and filamentous algae tufts showed
the lowest taxonomic richness, with only 8 taxa (Fig. 6)..

28 -
m.
15 4

10 1

Taxonomie richness
o

Pga Ab (TH (™) Sa [+] Fa Eb
Subsirate types

Figurs 8: Taxonomic richness of the sampled substrates along the longliudinal gradlent durlng the rainy
and dry perliods of 2000-200! In the Indald Stream and Pelxe Rlver. The abbreviations are
presented in the Table 1.

Easiitad

The baetlds were found In all sampled substrates, with highest densities in the
aquatic macrophytes (7,883.3 + 9,628.1 Ind/m?. Most of Identifled taxa were found in high
densitles assoclated with vegetal substrates, such as the aquatic macrophytes (Peixe
River. 5™ order reach). marginal vegetation (Pelxe River, 8" order reach), and anglosperm
and moss banks (Indald stream, 2™ up to 4™ order reaches) (Tab. II).

Cloeodes spp.. Paracloeodes spp. and Americabaetis spp. were found In all sampled
substrates. Cloeodes Spp. was the most generalist taxa, despite of its high density
values In the algae substrate. Paracloeodes spp. showed a preference for the aquatic
‘macrophytes (Peixe River, in Sobrado Farm locality), whille Americabaetis spp.. besides
the mentloned substrate, also showed high density valucs on mosses and anglosperm
banks (Tab. 1), Waltzoyphlus fasciatus was found only In the marginal vegetation and in
the aquatic macrophytes, showing a marked preference for these substrares,

Apobaetis filuzali was found only In the detritus deposits. This substrate, together
with aquatic macrophytes, were also prefeired by Cailtbaetis spp. This taxon Is typlical of
low current areas, thus justifying the substrate assoclation observed. Aturbina gecorgeci
was found In higher numbers In vegetal substrates, presenting a preference by the
marginal vegetation. Camclobactidius spp. was found In moss banks, blofilm and gravel
deposlts. presenting no preference for any of thase substrates, while Rastodes cf. serratus
was found preferentially In blofllm substrates, besides being found In high numbers on
mnsses and anglosperms banks (Tab. II). The high density values found In vedetal substrates
indicate that this group belongs 10 the phytophilous fauna.

Laptophiebildas

This famlly was found In all sampled substrates, with the highest denslty In the
gravel and sand deposits, followed by the mosses and the anglosperms bhanks. The most
generalist raxa were Farrodes spp., Mirocuils sp. and Askola cf. Froehlich present in at
least 8 types of substrates (Tab. II). Howevey. Miroculis sp. and Askola cf. Froehlich
prosented the highest densities assoclated with gravel and sand deposits. Others, such
as Hagenulopsis sp., Leentvaaria sp., Thraulodes spp. and Hagenulopsis (found conly In
this substrate type), also presented highest densitles on gravel deposits (Tab. II). These
taxa were found In only ocne up to three substrate types.
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Massartelia presented high densitles assoclated with mosses, also being found In
gravel deposits and algae, while Hermanella spp. presented higher densities In the
angiosperm banks (Tab. ). The high density values found In rocky substrates indicate
that most of the members of this group belongs to the psephophilous fauna.

L 3

Laptnhyphidas

Leptohyphidae specimens were found In almost all sampled substrates, except on
the filamentous algae. The higher densities were found In pebbles, dravel and sand
deposits, followed by the submerged macrophytes and mosses banks. Leptohyphes spp.
was found In almost all substrates, except by the algae substrate, on the 1 order reach.
The highest densities of this taxon were found In aquatic macrophytes and moss banks,
followed by pebbles, gravel and sand deposits (Tab. ). Tricorythopsis spp. was also
found In almost all substrates, except by the algae and angiosperms banks. Tricorythodes
spp. was found In moss banks, gravel deposits and marginal vegetation, with no spocific
association. Leptohyphodes sp. was found In mosses. aquatic macrophytes, gravel
deposits and marginal vegetation. The highest densities were found In the gravel deposits,
followed by the aquatic macrophytes (Tab. ID.

Euthypioclides and PolymRarcyides

Euthyploclidae nymphs belong essentlally to the psephophlicus fauna, once that
the identified species, Campylocia cf. bocainensis was found only in gravel deposits
(Teble iI). The Polymitarcyidae also presented high density values In the gravel and sand
deposits. mainly due to Campsurus sp. presence. However, this family could also be
found in moss banks (3~ order reach, closed canopy) and marginal vegetation, due to
Asthenopus sp. presence (Tab. 1.

Discussion

Longitudinal zonation of mayfly nymphs

Downstream changes In assemblage structure and diversity along the river course
has been a recent subject In running water studies In the Neotropics., with very few
papers dealing with this subject (e. g., Baptista et al., 1908a, 19098b, 2001a, 2001b; Calllsto
et al., 2001). The two main proposals developed in the recent years were the River
Zonation Concept (RZC} and The River Continuum Concept (RCC). The first states that the
Invertebrate communitles distribution in running waters are divided Into discrete unitles
or zones from the spring sources do»wn to the sea (Ward, 1892). The RCC (vannote ot al.,
1980) points out that the downstrearmn changes In the Invertebrate communities distribution
are clinal, as a continuum gradient. We found both of these patterns in our results.

Several taxa. from different families such as Aturbina georgel (Raetidae), Askola cf.
Froehlich (Leptophlebildae), and Campylocia cf. bocainensis (Euthyplociidae) presented a
clinal distribution, while others such as Waltzoyphius fasciatus (Baetidae) and Hagenulopsis
{Leptophleblidae) were restricted to a specific river reach. However, we cannot rule out
the possibility of a presence of a set of conditions which, independently of a longitudinal
trend, could explain the high abundance of particular species In a river sector.

According to ward (1602), in the absence of adverse chemical conditions, temperature,
flow and subsirate appear 1o be the primary factors structuring the biological communities
of streams. In the longitudinal gradlent in Indald stream, the temperature and substrate
type probably were the major tactors determining the distribution of mayfly nymphs
along the river reaches. According to Zamora-Mufioz ot al. (1893) the temperature Is one
of the major factors determining the distribution of Baetidae, most of the species being
positively related to this variable, with higher densities found In warmer waters. In our
study we found higher densities and diversity of baetld nymphs In the downstream
reaches and the first order reach, which presented the highest values for temperature,
On the other hand. these reaches also presented higher biomass and diversity of aquatic
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vegetation, which were the substrates that presented larger numbers of specimens and
taxonomic richness of baetids.

Such diversity in mayfly distribution may be seen In the Leptophleblidae family. The
nymphs of this family presented a clear zonation, with an upstream and a downstream
groups. Within the upstream group. most of the nymphs presented a clinal distribution
pattern, while in the downstream group, the most common distribution pattern observed
was the zonal distribution. An important factor that probably Influenced the distribution
of this family was the substrate type. The 3" order reaches presented the highest diversity
and density values of leptophlebiid nymphs. These river reaches also presented the
highest substrate heterogeneity, composed mainly by pebbles, gravel and sand deposits,
which were the preferred substrate types. This fact associated with the low temperature
values, probably are the main factors explaining the distribution of this familly.

It iIs important t0 note that the mayfly nymphs showed a wide and diverse distribution
along the longitudinal gradient in Indald stream and Pelxe River. The river zonation
presented, In some cases, no speclfic patterns, such as the distribution presented by
Apobaetis fluzal (Baetidae) and Hagenulopsis (Leptaphlebiidae), found in only one river
reach. Thus, it must be taken In account when proposing and defining protectlon measures
for conservation purposes. llkkewise the clinal or gradient distribution. The specific
distribution of several taxa (c. g., Campyiocia cf. bocaincnsis) In upstream reaches calls
attention to the necessity to protect headwaters as a determinant factor and only effectlve
source of freshwater blodiversity conservation. It should also be stated the need to
preserve the riparian forest due to the maintenance of low temperatures water values,
besides Its Importance as a source of allochthonous ordanic maftter and energy input in
headwater streams.

Substrate assoclations of mayfly nymphs

The substrate type is essential for benthic macroinvertebrates, since the egg stage
up to adult emergence (Ward, 1992). Some substrate types are more appropriared to
oviposition, due to protection against water flow and predators. While others are more
suitable to emergence, since the structure of some substrates, as aguatic macraophytes
with outside water projection, allows a secure place to the molting. The substrates alsa
provide direct (e.g., detritus deposits) or Indirect (as stones that support algae biofilm, or
as wrapping surfaces for organic particles) food resources, refuge agalnst predators and
supporting surfaces to filtering activities (Allan, 1995; ward et al,, 1885). Thus, as expected,
most of Invertebrate taxa possess some preference by one or a few types of substrates
(ward, 1002). The obtained results corroborate this information, with most of the identified
taxa showing a marked preference for one to few substrate types. Baptista et al. (2001b)
studying the diversity and habitat preference of mayflies along a longitudinal gradient In
the Macaé River (Ric de Janelro State) found similar results, with most of mayfly nymphs
presenting a clear preference for one or two substrates (litter deposited In pool areas
and litter held In riffle arcas),

Some of the identified taxa presented their preference related to one of those
mentioned factors. For Instance, Baetodes cf. serratus Is a scraper baetid, thus, presented
its higher densitles In surfaces covered by periphytic algae (algae biofiim), or Hermanella
spp.. which presented the highest densities In the Erlocaulaceacs banks (4" order reach,
Indald stream) which served as a secure surface to their filterfeeding activities. Several
taxa such as Paraclocodes spp. and Waltzoyphius fasclatus, preferred the submerged
macrophytes substrate. Aquatic macrophytes frequently constitute substrate for
macroinvertebrates, offering protection against predators, serving as direct (vegeial tissuc)
and indirect (substrate for periphyton growth) food resource (ward, 1992: Allan, 1995).

The substrate preference although, should be view not only under an ecologlcal
perspective, but also under an evolutionary point of view. The natural selection process
took over milllon of years to select individuals of those speclies that are more capables to
colonize one or other substrate type. For Instance, most of the Leptophieblidae nymphs
possess a flattened body, which allows them to colonize gaps between rock fragments,
and even smaller granulomertric sediment, such as gravel and sand deposits. That could
be frequently observed In Indald stream, in which the gravel and sand deposits are
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intensely colonized by Askoia cf. Froehlich and Miroculis sp. So, it is not surprising that
most of these family specimens were associated with this type of substrate.

The Baetidae taxa possess a fusiform body, with bristles between thelr terminal
fillament and cercl, which allow them to swim between macrophyte branches and to
colonlze gaps In thése branches, as it coald be observed In Americabaetis. Some taxa,
like Calilbaetis spp. and Apobaetis fluzal that were preferentially found In detritus deposits,
show some speclal adaptations such as long and slender legs, with sharp claws which
might possibly help maintain their bodies and consequently their resplratory surfaces
out of the detritus. Although these evolutionary bases for such specialization are not
clear, such specificity Is a consequence of numerous processes, such as: 1) differential
foraging abllity between habitats, 2} differential competition ability among habitats, and
3) differenrial susceptibility to mortality among habitats (e.g.. predation) (Hawkins, 1984).

Most of the faxa presented specific assoclations with different types of substrates,
and In some cases, even being found In only one type of substrate, such as Apobaerls
fiuzai (Baetidae), Campyiocia cf, bocainensis, and others. So, we must point out that
modifications in habhiat and microhabitat conditions such as reduction of substrate diversiry
will lead invariably to three major consequences: ) change in community structure, due
1o a decrease on the optimal conditlons to speclallst taxa favoring generalisits, such as
Cloeodes spp.; i) loss of specles, as result of the reduction of overall stream diversity In
consequence to the lnability of specialist faxa to compete; lil) modifications In the
ecosystems processes, such as organic matter flux (e.g.. affecting filter-feeders), and
food chains, due to the important linkage that mayflies constitute between the primary
producers and consumers.

Mayfly diversity patterns and conservation strategles of Serra do Clpd

headwaters

The obtalned results evidenced a change In the constitution and abundance of the
mayfly fauna along the longitudinal gradient. The specific distribution patterns and substrate
associations, call attention to the importance of the preservation of the natural
characteristics of upstream and downstream reaches in a watershed. The mayfly distribution
patierns and diversity assessment {taxonomic richness) may provide fundamental
Information on the environmental changes of the Serra do Cipd lotic ecosystems. we
suggest that such study may be extended for other Neotropical streams, since the mayflies
are also a fundamental component of these ecosystemns. both in biomass and diversity.
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