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Abstract

Between 1979 and 1989, Lake Batata was subjected®000 nt d— of bauxite tailings effluent, which impacted

about 30% of the lake's area. The present research had as its main goal to study the life cycle and secondary
production ofCampsurus notatusn the tailings-impacted region of Lake Batafampsurus notatus the species

most adapted to the conditions imposed by the bauxite tailings. A central site in the impacted region of Lake Batata
was established and sampled at fortnightly intervals between July 1996 and June 1997. The n@npbtaddisn

the impacted region had a 105-day lifespan, with individuals between 2 and 17 mm in length. Estimated secondary
production forC. notatusvas 2.5 g DW m? yr~1lin the impacted region. This was high compared to production
rates estimated for other species of ephemeropterans, indicating the degree of successful adaPtatimatol

to the conditions imposed by the bauxite tailings.

Introduction genusCampsurudgaton, 1868 (Ephemeroptera: Poly-
mitarcyidae) comprises some 50 described species.
In some continental aquatic ecosystems, the benthic This genus is one of the largest and least defined
macroinvertebrates constitute the main community re- of the order Ephemeroptera (Pereira & Da Silva,
sponsible for secondary production (Robertson, 1995; 1991). Campsurus notatugNeedham & Murphey,
Grubaugh et al., 1997), assuring high values of bio- 1942) is only present in the southern hemisphere. The
mass and representing the main pathway of energy nymphs dig galleries in the soft silt or clay substrates
transfer from lower to higher trophis. Macroinver- Where they live. This species is common in many
tebrates feed on matter with a low energy content Brazilian aquatic environments, including the Amazo-
(detritus), converting it into matter of high energy nian varzea (floodplain) lakes. It plays an important
value by secondary production. This matter then forms ecological role, as a food item in the diet of many
a food resource used by many species of fishes (Nys-species of fishes, and in bioturbation process (Fittkau
trén et al., 1996; Pierce & Hinrichs, 1997; Rosenfeld, etal., 1975; Nolte, 1987, 1988).
1997). Edmondson & Winberg (1971) and Downing & Ri-
Among the many orders present in the benthic gler (1984) stressed that secondary production studies
macroinvertebrate community, the order Ephemerop- offer information relevant to four areas: (a) explana-
tera has been often used in biomonitoring of aquatic tion of energy or matter transfer among communities
environments, because of the diversity of habitats in and ecosystems; (b) rational management of aquatic
which they are found and, especially, to the sens- resources; (c) detection of pollution effects; and (d)
itivity of some species to ecological disturbances formulation of general theories of biological produc-
(Merritt & Cummins, 1984; Da Silva, 1994). The tion. Recent investigations have emphasised the effect



92

of anthropogenic disturbances on aquatic ecosystems
especially on production and alterations in the trophic
relationships of communities. (Cressa, 1986).

Study of the communities of benthic macroin-
vertebrates of the Amazonian aquatic environments
is of utmost importance for an understanding of its

aquatic systems, especially regarding the maintenance *|

of trophic chains through secondary production, nu-
trient cycling, processes of decomposition of organic
matter and bioturbation, and as indicators of water
quality (Nolte, 1987; Walker, 1995).

In Lake Batata, the macroinvertebrate community
has been a principal bioindicator of the impact of the
dumping of bauxite tailings (Callisto & Esteves, 1996;
Fonseca et al., 1998). The population@dmpsurus
notatushas been shown to be extremely well adapted
to the ecological conditions imposed by the presence
of the tailings, exhibiting high densities and biomass

in these areas, compared to the natural zone where the

nymphs ofC. notatusvere found only in low densities
and biomass during the low water and flood periods
(Fonseca & Esteves, 1999Jherefore, research on
the life cycle and secondary production®©f notatus

is fundamental to understanding its adaptation to the
bauxite-impacted area of Lake Batata.

The present research had as its main goal to con-
tribute to understanding the life cycle of the population
of C. notatusand to estimate the secondary production
in the impacted area of Lake Batata.

Materials and methods

Study site

Lake Batata (Figure 1) is located between2E and
1° 35 S and 56 15 and 56 25 W, in the town
of Porto Trombetas, Municipality of Oriximind, State
of Para, Brazil. It is a typical floodplain lake, with
pronounced variation of its water level during the
year, in four distinct hydrological phases: high water,
drawdown, low water and flooding.

From 1979 to 1989, approximately 50 006 dr?®
of effluent originating in the bauxite washing process,
rich in very fine clay solids and with high concentra-
tions of iron and aluminum oxides and silicates (Lapa
& Cardoso, 1988), were dumped directly into Lake
Batata, impacting about 30% of its area (Roland &
Esteves, 1998). According to Esteves et al. (1990),
the sediment in Lake Batata was markedly influenced
by the bauxite tailings, which formed layers of clay
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Figure 1. Map of the geographical location of Lake Batata (PA,
Brazil) and the sampling station (1), located in the area impacted
by bauxite tailings.

up to 7 m thick, resulting in low concentrations of
phosphorus, nitrogen and organic matter (Fonseca &
Esteves, 1999). Lake Batata has a slightly acid pH
(5.4-6.9), as is usual in Amazonian clearwater envir-
onments (Sioli, 1984), and a mean conductivity of
11.5uS cnml, with no evident differences between
the impacted and natural areas (Bozelli, 1992; Esteves
et al., 1994). These values are similar to those found
in other lakes of the region.

Sampling

Sampling was undertaken at a station (I) located in the
central region of the area impacted by bauxite tail-
ings (Figure 1). Samples were collected fortnightly
between July 1996 and June 1997. The sediment
samples were collected with a corer (Ambuhl &
Buhrer, 1975), 8 cm in diameter (area 50nwith 10
samples taken at each visit, fixed with formaldehyde
and then washed through a series of graded sieves (1.0,
0.5 and 0.21 mm mesh).

Secondary production and life cycle

The nymphs ofC. notatuswere measured with a
Zeiss stereoscopic microscope fitted with an optical
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millimetre reticle. The lengths of the nymphs were de- from 12 to 14 mm. This indicates the possibility of

termined from the tip of the cephalic region to the last separate growth in the sampling periods. No nymphs

segment of the abdomen. Body length was used to de-were found in the impacted sediment during one 49-

termine the length—weight relationship, following the day period and a second 15-day period.

methodology proposed by Smock (1980) and Da Silva

(1994), with the determination of a regression equa- Length—weight relationship

tion for the population ofC.notatusin Lake Batata.

Biomass was determined from the dry weight of the Figure 3 shows the relationship between the dry

nymphs (oven-dried at 60C for 48 h) in a Mettler weight and the length of the nymphs 6f notatus

balance (model UMT2), precision Opg. in the impacted region of Lake Batata during the
The secondary production of the nymphs ©f sampling period. One hundred and thirty nine indi-

notatuswas estimated by the size-frequency method viduals were measured, with lengths between 2.1 mm

(Hynes & Coleman, 1968; Downing & Rigler, 1984) and 17.4 mm and dry weights from 0.02 mg to 12.02

as modified by Benke (1979) and Menzie (1980), mg. The correlation obtained was an exponential curve

described by the following equation: with r =0.8917, best described by the equation:

P = [i.Z(nj — nj41) x (W;W;41)Y?] x 365— 64/cP, Y = 0.036°x0406

with P = annual secondary production (mg DW-fn with Y = dry weight (mg) an = body length (mm).
yr~1); i = the number of size classes;= the mean From the graph, it can be inferred that the nymphs of
number of individuals in each size clasgV;1)/2 C. notatushave two distinct phases in their growth. In

= the geometric mean of the weights of two size the initial period, the nymphs gain in length but add
classes; CPI = the interval of production of the cohort; little biomass. In the second phase (above 8 mm in
and 365-64 = the number of days in a year—number of length), there is more weight gain in relation to body
the days without nymphs. length, shown by the area of the curve with a greater
The life cycle ofC. notatuswvas estimated through  slope.
analysis of size-frequency distributions (in 10 size However, the linear regression curve derived from
classes) of the fortnightly samples (Vieira, 1981). The the log-transformed data (Figure 4) had a correlation
size classes varied from 2 mm to 17 mm, with an coefficient ofr = 0.985, with a confidence interval
interval of 1.5 mm for each size class. The variation of 95%, thus showing a higher correlation between
in the frequency of individuals in each class in the weight and length. From this regression the following
course of 1 year (July 1996—June 1997) made possibleequation was derived:
the construction of a size-frequency histogram and the
determination of the life cycle of this species in the In¥ = —5.758+ 2.8980InX,
impacted region of Lake Batata. whereY = dry weight (mg) an = body length (mm).
This equation was used to determine the values of bio-
mass of the nymphs a. notatus for the estimate of
Results secondary production.

Life cycle Secondary production

Study of the life cycle ofC. notatusin the impacted To determine the annual production©f notatus we
area of Lake Batata, using the 110 nymphs collected used the CPI (Cohort Production Interval), estimated
in the course of 1 year, indicated a life cycle vary- forthe impacted region. The mean interval of 105 days
ing from 90 to 120 days (Figure 2). It is a bivoltine for the CPI was established from the study of the life
population, with two generations per year (e.g. one cycle of this species, and is related to the duration of
generation from 23 May to 15 August, and another the nymph phase.
from 12 December to 11 April). Table 1 shows the estimate of secondary produc-
The body lengths of the nymphs ranged from 2 mm tion of C. notatusin the impacted area during 1 year.
to 17 mm. Individuals with a body length of 17 mm A secondary production rate of 2.5 g DWRyr—1,
were found only in November and December 1996; equivalent to an annual production of 25.0 kg DW
with the greatest lengths in the other samples being ha ! was estimated.
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Figure 2. Histograms of the life cycle o€ampsurus notatum the tailings-impacted area of Lake Batata, with samples taken fortnightly

between July 1996 and June 1997.
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Table 1. Annual secondary production Gampsurus notatysn the impacted region of Lake Batata between July/1996 and June/1997

Size Classi() Density (V;) Dry weight N;.W; N;j - N(i+1) [W,~.W(i+l)]°~5 Biomass loss
(Wi)

(mm) (ind.n2) (mg.ind~1) (mg.nT2) (ind.m=2) (mg) (mg.n2)
2-35 15.50 0.07 1.04 0.00 0.12 0.00
3.5-5 15.50 0.22 3.42 1.10 0.34 0.37
5-6.5 14.40 0.52 7.46 —16.60 0.72 —-11.95
6.5-8 31.00 1.00 31.06 18.80 131 24.67
8-9.5 12.20 1.72 20.96 0.00 2.16 0.00
9.5-11 12.20 2.71 33.04 3.20 3.30 10.55

11-12.5 9.00 4.01 36.12 0.00 4.77 0.00

12.5-14 9.00 5.68 51.08 9.00 6.63 59.63

14-15.5 0.00 7.74 0.00 -3.30 8.90 —29.36

15.5-17 3.30 10.23 33.77 3.30 10.23 33.77
Total 122.10 33.89 87.68

CPI =105 days.

P=(i x PB) x 365-64/ CPI.
P = (10 x 87.68)x 301/105 = 2513.49 mg i yr 1.
P=25gDWnT2yr1

Discussion r=089
14

. .. . 13
Ecological characteristics and life cycle of 12

11
Campsurus notatus 10

The nymphs ofC. notatuswere found in high densit-
ies in the fine, unstable sediment of the impacted area
of the lake, inhabiting it and digging extensive gal-
leries. Similar behaviour was noted by Pereira & Da
Silva (1991), who observe@ampsurus melanoceph-
alus (Pereira & Da Silva, 1991) in large swamp areas G 1 2 3 456 7 8 9101 121314 15 16 17 18 19 20
of the S&o Jo&o River (Rio de Janeiro, Brazil), where Length ()
there was fine unstable sediment like that in Lake Figure 3. Relationship between the body I_ength'and dry weight of
Batata. Pereira & Qa Sjlva (1991') observed nymphs of T;kgyégﬁ’:tz?g?nmﬂsl;rf;ggottﬁ:gf;:n ﬂf‘i Tgtg; impacted area of
C. melanocephaludigging galleries up to 0.6 m deep
in the sediment. Nolte (1987) described the same kind
of behaviour forC. notatusnymphs in an Amazonian
varzea lake.

The body size ofC. notatus(2—17 mm) found in
this study agrees with the results of Irmler (1975), who
determined values between 1.6 mm and 17.0 mm for
the same species. These results are similar to those
of Cressa (1986) for nymphs @ampsurussp. in a
lake in Venezuela, with variations between 1.3 mm o
and 20.6 mm, and Melo et al. (1993), wilampsurus a7

weight (mg)

LoanusO O~

r=0098

In weight

violaceus(Needham & Murphy, 1924), which varied 504 TR TR v e— \;mmgz
from 1.6 mm to 12 mm in length. Pereira & Da Silva ' ' ' nlength ' ' '

(1991) found a mean body size in subimagosCof Figure 4. Linear regression of the log-transformed data (In) of the

melanocephalusf 15-18 mm for females and 14—-16 length and dry weight of the nymphs@dmpsurus notatysampled

mm for males. There is, then great similarity in the in the impacted area of Lake Batata from July 1996 through June
L 7 1

lengths of different species of this genus. 997.
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The results obtained for the life cycle of Weight—length relationship of the nymphs of
Campsurus notatus the impacted area allowed us Campsurus notatus
to identify the population as bivoltine. The nymphs
develop over approximately 90-120 days (13-17 The correlation between these two variables indicates
weeks), to the subimago stage, when the nymphs mi- the manner in which they fluctuated in relation to each
grate from the sediment to the water surface and enterother (Sokal & Rohlf, 1979), that is, it represents the
the aeria| Stage_ An aquatic phase of 9-12 Weeks is Coupled behaViOUrOf the two Variables (Vieira, 1981)
usual in most species of Ephemeroptera (Da Silva, The weight-length relationship in most aquatic insects
1994). The results of Irmler (1975), who estimated Can be represented by an exponential curve, in the
an interval of 10-12 weeks between the development €quation
of the egg and the emergence of the subimagds. of (Y =a.xb),
notatus and of Nolte (1987), who determined a period . ) )
of 3 months for the nymph stage of the same species, PY @ quadratic regression, of the kind
are similar to ours. Y =a+bX +cX?

The intervals of 49 and 15 days during which no
individuals of C. notatuswere found in the sediment
of the impacted area may be related to characterist-
ics of the life cycle of this population, as well as to Y =loga+blogX
changes in environmental characteristics. This kind of (Meyer, 1989; Nolte, 1990).

population behaviour has been observed in other stud- These authors noted that studies have been suc-

les of ephemeropteran populations. Sweeney (1978)’cessfully developed and obtained prognostic equations

studying Isonychia b!color a bivoltine SPecies, ob- for the determination of biomass in relation to body
served that the period between the laying and the . : L
length for many species of terrestrial and aquatic in-

hatching of the eggs of this species was from 4 1o 5 sects for temperate regions. This kind of information

weeks, resulting in an interval of 30-45 days between . .
. . is rather sparse for the benthic macrofauna of tropical
the generations, where no nymphs were found in the . ;
aquatic environments.

environment. . . .
. . Comparison between the weight—length relation-
Inrespectto the influence of environmental factors, _ . : :
ship curves for nymphs o€. notatusobtained in

Melo et al. (1993) reported the effects of the fluctu- . ; . .
. L this study, shows that the linear regression with the
ation of the water level on the migration of the nymphs . .
log-transformed data showed a high correlation coef-

of C. violaceusfrom the central regions of the Baia . - _ .
: ; . ficient (r = 0.98) between these two morphological
River, to the near-bank zone, during the high water .
parameters. The use of the equation,

period. Nolte et al. (1997), studying the ephemerop-

teran community in a stream in the Pantanal (Mato InY = —5.758+ 2.898Q

Grosso), observed that the variation in the water flow In X, is therefore advised as a basis for determination

resulted in a decrease in density and in the disappear—mc th'e biomass from the body length.

ance of some genera during the periods of lowest flow.

We conclude that many factors may be related to the Secondary production @ampsurus notatus

absence of nymphs &. notatusn the impacted areas

during these two periods. Further studies are neces-The estimated CPI of 105 days f6r notatugs similar

sary to better understand these questions regarding theo that found by other authors (Irmler, 1975; Nolte,

complete life cycle of this species in the impacted 1987). However, Cressa (1986), studying the yearly

areas of the lake. production ofCampsurussp. in a lake in Venezuela,

Our observations and comparison with data from determined an interval of production of the cohort of

other studies indicate that the nymphs®bfnotatusin 6 months. There is apparently a great variation in the

the bauxite-impacted area showed no changes in life yalues of CPI within this genus.

cycle, behavioural, physiological or ecological habits. The result of 2.5 g DW m? yr—1, estimated for

The presence of the bauxite tailings created favourable the secondary yearly production©f notatusin Lake

ecological conditions for colonisation by this species. Batata, indicates a high production rate in the im-
pacted area, compared to data obtained for yearly pro-
duction of other ephemeropterans. Dudgeon (1996)

(Smock, 1980; Meyer, 1989) or by a log-linear regres-
sion log
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found a yearly production of 0.037 g, in two spe- The high value of the productivity &. notatusn
cies of the family Ephemeridae in a brook in Japan. Da the impacted area, contrasting with the low frequency,
Silva (1994), using data from the literature, showed density and biomass of this genus in the natural areas
that secondary production in lotic environments fluc- (Fonseca et al., 1998; Fonseca & Esteves, 1999), show
tuates between 0.03 gTAyr—1 and 8.50 g m? yr—1, how well this species is adapted to the environment
Da Silva (1994) found values of 0.17 ghyr—1 for there. Therefore, the habitat characteristics of the im-
Callibaetis guttatugBaetidae) in a temporary marsh pacted area are one of the key factors involved in the
in Rio de Janeiro. maintenance of the high productivity of this species
According to Waters (1977), the expected produc- there, being probably related to two ecological factors:
tion of nymphs of Ephemeropterais from 0.12 to 4.45 migration into the impacted area, and decrease in the
gm~2yr~1. However, there are few studies on ephem- predator—prey ratio.
eropterans in lentic environments, and accordingto Da  The probable migration of. notatusinto the im-
Silva (1994), the expected secondary production for pacted areas, especially in the adult stage (in the
the nymphs in this kind of environmentis from 0.01 g periods of mating flights), may explain the low dens-
m~2 yr~1 to 1.90 g T2 yr—1. The value for the sec- ities of C. notatusn the natural and transitional areas,
ondary production o€. notatusn Lake Batata is high ~ and the high density, biomass and production in the
compared to the values estimated by Waters (1977) impacted area. Ephemeropteran nymphs have previ-
and Da Silva (1994). Extremely high values of sec- ously been observed to migrate because of changes in
ondary production were also obtained fdampsurus environmental characteristics. Melo et al. (1993) em-
sp, (46.15 g m? yr~1) in a lake in Venezuela by  phasised the effect of the flood pulse in the migration
Cressa (1986). However, those results were obtainedof C. violaceusnymphs in the Baia River. These au-
in an artificially eutrophic environment, which may thors observed that in the flooding period, when fine
have favoured high production (Pereira & Da Silva, sediment particles are carried to the central areas of
1991). This indicates a high potential for colonisation the river, changing the granulometric characteristics,
by members of this genus in favourable environments. the nymphs migrate to near-bank areas where fine sed-
The high productivity and abundance of ephem- iments dominate. Nolte et al. (1997) mentioned the
eropterans in Amazonian aquatic environments was effect of fluctuation of flow in a tropical stream on the
mentioned by Junk (1973). Junk determined the sec- presence and density of some genera of Ephemerop-
ondary production in stands of floating aquatic mac- tera, showing their capacity to migrate to areas where
rophytes in three kinds of whitewater environments, conditions are more favourable.
underlining the importance o&sthenopusp. (Poly- According to Nolte (1988),C. notatusis able
mitarcyidae) in the secondary production of this kind to colonise environments of fine sediment and
of environment. Irmler (1975) drew attention to the muddy waters, with high concentrations of suspended
highest secondary production ampsurus notatys  particles (clays). Nolte (1988) also mentioned that in
of 2.6 g M2 yr~1, and asserted that the high produc- this kind of environment the nymphs @ampsurus
tion of this species in flooding areas is directly related were the primary colonisers, behaving as r-strategists,
to the high sedimentation rates of fine particles, creat- with high reproductive rates. In Lake Batata, migra-
ing aloosely compacted sediment. Fittkau et al. (1975) tion of C. notatusto the impacted areas is related
and Nolte (1987) also noted the high productivity of to the ecological changes imposed on this area by
Campsurusin Amazonian whitewater varzea lakes, the presence of the bauxite tailings, creating favour-
mentioning that the nymphs of this genus were not able conditions to the colonisation of this area by the
found in any of the blackwater environments studied species.
by those authors. Our results for secondary produc-  The second factor influencing density is the pos-
tion of C. notatusare similar to the high values found sible decrease in the predator—prey ratio between the
for this species in the highly productive Amazonian fish community and the population &. notatusin
whitewater environments (Sioli, 1984). However, the the impacted areas, especially the effect of this ra-
lack of data on secondary productivity in Amazo- tio as a factor that regulates the populations (Begon
nian clearwater environments prevents comparison of et al., 1996). Many authors have shown the regu-
our results with environments of similar ecological lating, structural effect of this ratio on the benthic
characteristics. communities, due to the species of fish present, result-
ing, in some instances, in decreases in the abundance
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and biomass as well as in the regulation of the pro-
ductivity of the benthic macroinvertebrates (Nystrén
et al, 1996; Rosenfeld, 1997). According to Pierce
& Hinrichs (1997), many factors are responsible for
a larger or smaller regulating effect of predation by
the fish community on the benthic community. Among
the environmental factors, fluctuations in the compos-
ition and density of the fish, the composition of the
macroinvertebrates and the abiotic variables, as well as
the structural complexity of the sediment and turbidity,
may be decisive factors affecting the way in which fish
predation affects the invertebrate communities.

The importance of ephemeropteran nymphs as a
dietary item for fish has been mentioned by several au-
thors working in many kinds of aquatic environments,
(Crowl et al., 1997; Rosenfeld, 1997), including in
Amazonia (Santos, 1982; Almeida, 1984). Ferreira
(1993), studying the fish community of the Trombetas
River near the town of Cachoeira Porteira, observed
that ephemeropteran nymphs are an important diet-
ary item in most of the fish species. We note that
fish predation on ephemeropteran nymphs in Amazo-
nian aquatic environments is quite high, and probably
results in the regulation of this population.

In Lake Batata, the nymphs &. notatusare an
important dietary item for some species of fish, such as
Geophagus altifrong¢Cichlidae), in the natural areas,
but they are not important in the diets of individuals
caught in the impacted area (Reis, 1997). According
to Mannheimer (1998), nymphs @. notatuswere
frequently found as items in the diet of some species
of fish in Lake Batata, even in the impacted area, and
were the main dietary item.

In Lake Batata, the bauxite tailings had a negat-
ive effect on the fish community, with a decrease in
the density and diversity of fish in the impacted area
(Halboth, 1995; Reis, 1997). This probably resul-
ted in a decrease in the predation rate of the fish on
the benthic organisms in the impacted area, and this
phenomenon may be considered as one of the main
factors responsible for the maintenance of the pro-
ductivity of C. notatusOn the other hand, the nymphs
of C. notatusconstitute a potential food resource for

benthic-feeding fish species that are able to persist and
feed in the impacted areas. Nonetheless, more spe-

cific studies on the predator—prey relationship between
the fish community and the population 6f notatus

in Lake Batata are required, so that we can evaluate
the role of the bauxite tailings in the reduction of the
predator—prey ratio.

We may conclude that generally the nymphgCof
notatuscolonising the areas impacted by the bauxite
tailings have a life cycle of 90 — 120 days, with no dif-
ferences from patterns recorded by other investigators.
The ecological conditions imposed by the bauxite tail-
ings favored high secondary production@dmpsurus
notatusin the impacted areas.
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