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STUDY OF BENTHIC MICRO-FAUNAL COLONIZATION OF SUBMERGED LITTER LEAVES
IX THE CEMTRAL AMAZONIAN BLACKWATER STREAM TARUMA-MIRIM (TARUMANZINHO)

MALKER, 1.7

RESUMD - ESTUDO SOBRE A COLONIZACKD OA LITEIRA SUBMERSA PELA MICRO-FAU
NA BENTICA NO RIO TARUMA-MIRIM (AMAZONIA CENTRAL)

Estudou=-se a coleonizagac de folhas individuails da
serrapilheira do igapS pelos pequencs invertebrados benti-
cos. Séries de 12 folhas cada foram expostas no fundo do rio
durante diversos periodos experimentais (de 1 dia até 4 me=-
ses) nos periodos de enchente (Janeirg-Maic) dos anos 1984-
1986. Apds um tempo inicial de ccupagac (l-2 semanas), a
composigio faunistica (% morfoespécies em dados grupos taxo
némicos por série) & o nimero de morfoespécias por folha,
permaneceram estaveis. No entanto, o nimero de morfoespecies
por sérla, & por igso a diversidade entre as folhas indivi-
duais, aumentaram com o tempc de submersio. Caracteristicas
de pucessdo foram identificadas, tails como: 1. aumento de
diversidade fauniIstica; 2. aumento relativo e absoluto de
oligeoquetos por folha; 3. a partir do segundo més, mineracac
da meséfila das folhas por quironomiIdecs e ocligoguetas (nao
dininuinde, porém, a superficie foliar), causando a des
truilgdo de 10-40% da mesdbfila por série no 39 e 49 més.

* Diviaso de Bioecologia, INPA
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Estimou-se o estogue da biomassa fresca da micro-—
fauna bentica em 250 mg/m?, & a densidade de organismos (oon
excecio dos protozodrios) em 11.000-40.000/m?. A densidade
média de guironomideos foi de 21/folha e de B8316/m?. Hota-
se o tamanho excessivamente pegquenc dos guironomideos (Tab.
8).

Ansranér - STUDY OF BENTHIC NICRO-FAUMNAL COLONIZATION OF
SUDMERGED LITTER LEAVES IN THE CENTRAL AMAZONIAN
BLACKMATER STREAM TARUMA-MIRIM

Colonization by the small benthic invertebrates of
individual leaves of leaf litter submerged in an igapo was
getudied. Serles of 12 leaves each were exposed at the botbam
of the river for different experimental paricds (1 day to 4
months) during flood season (January-May) in 1984-1586. After
an initial occupation time (1-~2 weeks}, the Fauniatic
composition (% morphotypes in certain taxonomic groups per
series) and the number of morphotypes per leaf appearad
stablae. However, the number of morphotypes per series, and
therefore tha diversity betwaen individual leaves, increased
with submersion time. Such criterla of succession ware
identified as: 1. increased faunistic diversity; 2. relative
and absolute increase of oligochetes per leaf; 3. after the
second month, mineralization of leaf mesophyll by chironcmids
and ocligochetes (however without reduction of laaf suface),
causing destruction of 10-40% of the mesophyll per series
in the 3rd and 4th months.

Fresh biomass stock of benthic microfauna wos
estimated at 250 mg/mZ, and density of organisms {excluding
protozoans) at 11.000-40.000/m?, Mean density of chironomids
was 21/leaf and 8316/m?. The extremely small slze of
chircnomids was noted (Tab. 8).
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INTRODUCTION

In recent years it has become increasingly clear
that the fauna in acid forest streams and rivers is largely
dependent on underwater decomposition of tree litter, mainly
of dead leaves. The consumers on the lowest trophic level
feed on the decomposing tissues with theilr fungal and bacterial
flora (CUMMINS et al., 1973; BAUNDERS, 18975). FITTKAU (1967)
and S5IOLI (1975) observe similar conditicons in amazonian
water bodies. Thereby fungl seem to be the principle deconposers
in acid waters (BARLOCHER and KENDRICEK, 198l; ROSSET et al.,
1982; ROSSET and BARLOCHER, 1985), and WALKER (1986) presents
some evidence that fungal decomposition of litter leaves from
the amazonlan blackwater inundation forest causes, and
etabilizes, acid pH- walues in experimental containers. Cartain
is that decomposing litter leaves from acid water of amazonian
streams and inundation forests are invariable overgrown by
fungal hyphae; fungl also spread through the mesophyll
(persconal observations). The importance of the litter-fungi
input for the foocdweb of the microfauna and of the macrofana
of central amazonian forest streams wasshown by WALKER
{1985) and by HENDERSON and WALKER (19B8&).

It thuse became imperative to know more about the
colonlization of submerged litter by the riverine fauna.
Systematlic sampling began in 1983 and is continuing to the
present, and some earlier results were communicated in the
previous volume of this journal (WALKER, 1986).

As from 1984 some special sample series were
designed to detect possible patterns of succession. In this
place I report the data on the microfauna colonizing single
leaves in these succession saries.

MATERIAL AND METHODS

Locality: The river "Taruma-Mirim" or "Taruménzinho''
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is a small affluent of the Rioc Negro ca 25 km up-river from
Manaus. It drains heavy latosscls and sandy podsols and
carriea more or less black, acid (pH: 3.5-4.7) and mineral-
poor (electric conductivity: 10-14 uEEBHcm} water. All
sampling (with the exception of a single series) was done
in a meander ca 25 km upstream, with guiet flow as it is
short- cut by a more recent canal with more £ rapid flow.
There was no pollution as there are only two small subsistence
farme further upstream. The meander is flanked by a wide and
deep layer of forest litter, and the bottom of the canal,
too, ie covered by litter. The locality is described in
detail as "site" in HENDERSON and WALKER (1986). The
exoeptional series was collected ca 500m upstream (April,
1984, 1 month exposed) and substitutes a lost series in the
meander eite, The whole area lies in the region of the
"jigapS", that is, in the annually inundated forest with a
well developed forest canopy. All sampling was dona betwaan
January and May during rising waters, in the years 1984 to
1986.

Sampling method: Undamaged (less than 1% surface
loss) litter leaves selected from the forest floor bafore
inundation or, at high water level, in adjacent areas not
inundated, were placed In wire baskets and exposed in the
river for determined pericds (Table 1l}). The baskets wera set
out in series of 12 along both sides of the meander at a
distance of 2-5m between baskets. They were placed on the
bottom of the river and tied to tress flanking the canal.
Water depth over the baskets ranged from 0.4-1.5m in
January, rieing to ca 4.0-5.5m 1in May, when the adjacent
forest was covered by 3.5-4.0m of water. The river bed and
its smooth flank on the inside of the meander were covered
by litter, and baskets exposed for longer periocds than 2
weaks were often covered by newly deposglted litter leaves
when retrieved. The baskets (15 x 5 x 3.5 om}) werea coverad
with nylon netting (1 cm? mesh) and contained 2 leaves sach.
Upon collection they were carefully lifted off the ground
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and, supported by a hand net, lifted slowly out of the water,
g0 as to locse the minimum of the adhering organisms. One
leaf was then cut into 4 pileces and placed into a 250 ml
bottle ca 1/2 filled with water from the collection gsilte
(henceforth called "water samples"). The other leaf WaS
washed with a paint brush in 1l00% alcohol, and the lead wash
of each leaf, separately, was stored for later examination
(= "alcohol samples"). Later, in 1966, it was found to be
more convenient to remove the two sample leaves from larger
(20 x 45 x & om) baskets with 20 leaves each, which served
to sample the macrofauna and to determine the frequency of

leavee mined by chircnomids and oligochetes (Table s
Estimates of surface loss and of mescphyll removed by miners
in these 20 leaves were made in the field by naked eye,

making use of the leaves' wvascular system. One arrives thus
at a precision of intervals of ca 10 + 5%. This would still
give the better resulta than prolonged and repeated handling
of the brittle leaves for metrical assessment in the
laboratory. Even after 4 monthsa, the longest exposure time,
the surface of most leaves was still intact. Collection of
the microfauna of the two Bample leaves presented thus no
difficulty.

The water samples were kept in the laboratory at
room temperature (23-26C) for one month in order to breed
the smaller organisms (Protozoa, Rhabdocoela, Rotifera,
Gastrotricha, Oligochaeta, especially small Naididae, Acari
and micro- Crustacea) up to apprecliable numbers, B0 that
their presence could be detected under a low power stereo-
microscope {(magnification: 30 x). Where necessary, types
wara ascertained under high power (160-400 x=). Bach morphotype
listed counted for a single individual that had colonized
that particular leaf. In the alcohol samples the larger
organisme (Namatoda, larger Oligochaeta, insect larvae and
adults) were typed and counted. Thua, from each such pair
of leaves (water sample and alcohol sample of a single basket)
wea can estimate the number of morphotypes and a minimal
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Table 1 - General pattern of coleonigation, Mean values {x % =)

of n series. ® single series with mean between

10 2 2 leaves. ! extrapolated for 10 leaves per

series.

Time n=2 Individuals Typesa Total typas

anpaned number E-r leaf EF: leaf pﬁf arxias!
series x = &8 x % & x- = @

1 day 7 14.5 6.b 8.4 2.4 b6.4
2 days 2 20.0 12.4 7.7 2.6 45.0
1 wask 1™ 55.8 - 11.1 4.9 67.0
2 waaks 2 61.9 35.8 15.4 0.6 66.0
1 month 4 38.4 18.4 13.0 1.8 63.5
2 months 2 28.4 1.1 12,1. 1.7 62.0
3 monthe 1% 27.8 - 15.7 3.9 80.0
[

months 1™ 49.7 - 13.6 5.9 78.0
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number of individuals per single leaf.

Litter leaves: WNaturally shed, undamaged leaves,
which still exhibited a leathery, flexlble consistency, ware
chosen. They were collected Z-2Z0 h before exposure in  the
river. Care was taken to pick & series reascnably represantative
for the tree species in the area. The sample leavas include
members of the following families: Leguminosas, Melastomatacese
Lecithidaceae, Rubiaceas, Myrtaceae, Lauraceae, Malpighiaceae,
Combretaceae among others,; not yet identified. The mean

surface area per randomly chosen, single leaf was
62.2 t+ 24.7 cm? (n= 58, range= 24 - 125 cm?); this
correasponds to a mean dry welight of 0.87 & 0.55 g/leaf
(n= §€0). : '
Recognition of morphotypes: All samples were

examined, and all types were determined, by the author. After
the several years that the program is in cperation (WALKER,
1982, 1985} certain types of all groups are well recognized
to generic, if not to specilies level, small adult insects
fcorixids, beetles) and later larval stages of larger insects
probably to species level; youngest nymphs at best to family
levael unless the successive stages were known. The mostly
extremely small chironomid larvae (FITTEAU, 1967); Table 8 in
this paper), though, enter as only 8 types, and the number
of morphotypes in the rotifers 1s certainly much below the
number cof real species. Protozoa below a diameter of ca
0.04 mm were classified as a single type (micro-Protozoa).
Care was taken to judge doubtful cases with a bias towards
underestimation. Some material is alsc lost when the baskete
ara collected and when the leaves are washed in alcohol with
a brush. These reascns, and the fact that each morphotype
recognized in the water samples counts for a single ocolonizer
only, whilst these organisms are often breeding on the
leaves, lead to an underestimate of the number of individuals
per leaf as well. In short, .the load of individuals and of
morphotypes per leaf must be taken as minimal estimates.
This is important for the consideration of biomass per area.
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Evaluation of number marphotypes per series: Series
of 12 samples were made rather than of 10 becaussa nf‘cnrhﬂn
losgas. Not all baskets were recovered at all times. In
only two cases less than 10 baskets were found: 4- months -
series, May 1986, 8 baskets; 2- monthe - geries, April 19584,
9 baskets (the dates refer to retrieval, not to exposure) .
The number of morphotypes per series in the Tables is always
calculated per 10 samples {(i.e. 10 leaves]. In case of 11-12
baskets, the new morphotypes appearing after the 10th sample
were simply neglected. In the cases of 8-9 baskets, tha maan
number of new types appearing between the last 3 consecutively
analysed samples was added per one sample missing.

Controls: Two types of controls were carried outs:
1. Water controles: To find the moxphotypes that entered the
water samples with the river water, 10 bottles were set up .,
each with river water and with 4 guarter pleces of different
leaf species that had been sterilired in bolling water.
2. Leaf controles: Litter leaves might carry small organisms
©or their propagules when picked up from the forest floor.
Hence, 12 bottles ware set up with heat- sterilized (40 min
at boiling point in & water bath) Tarumdnzinho water and with
one litter leaf each from the usual collection site.

After 1 month of incubation these control series
warae axamined in the same way as thae axperimental water

samples.

RESULTS
General pattern of colonization (Table 1)

After 1 - 2 weeks a certain maximum of individuals
and morphotypes per leaf seemsa toc be reached. The later
decline should not ba regarded as characteristic for a
succession process; the l- week series and one of the =
waek series are from the year 1985, when, for unknown reascns,
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colonization was exceptionally intense. Between the first
and the second day there is little increase in animal mmbars
and none in morphotypes. This indicates that the organisms
are on the move: the rate of settling is roughly equal to
the rate of guitting. After one week, though, leaves seem
to become attractive, more organisms settle than leave, and
after cne month a certain equilibrium seems to be established;
both, the number of individuals and of morphotypes stabldliza.
This meanas that the single leaf as a niche in this ecosystam
is filled. Either newcomers cannot settle or the same mmber
that settles, leaves. At thils stage individual density 18
{(0.5-1} individual/cm? of leaf tissue, and this is, it should
be remembered (p.629 ), a minimal estimate. Species diversity
par series, however, still increases. Significantly more
types are recovered per series after 3-4 months than after
1-2 months (P < 0.05; Xf-test). Hence, diversity betwaen
leaves increases, while the pattern per single leaf remains
roughly unaltered (for instance two leaves that loose a
same morphotype are recolonized by two different morphotypes
eto.).

Controls: In the water controls 9/10 bottles
contained micro-protozoa; one bottle esach was colonized by
a single type of rotifer (Euchlanidae?), by a peritrich
ciliate (Vorticella?) and by a micro- crustacean (Chydoridaa).
These 4 types make up 5-10% of the morphotypes per esperimental
saries. We may thus safely conclude that the bulk of the
types recovered had actually colonized the exposed leaf, or,
at least, was attached to the leaf when it was lifted out
of the water.

In the leaf controlas 11l samples (92%) daevealoped
micro- protozoa: 9 (75%) contained cne type of rotifer and
B (67%) another type: one bottle contained a nematode and
another bottle a third type of rotifer. All of these types
were occasionally found to be freguent in the experimental
samples. As the annual inundations cover the forest floor
regularly, the 4 speclies are considered true colonizers
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which survive the dry period in some form of egg or cyat.

Community structure

Table 2 shows that on the level of higher systematic
taxa the composition of morphotypes remains surprizingly
constant. Thia faunal stability is also evident from the low
values of the variance (s?) between series of equal exposure
time. As a rule 8? i x, which means that, in the three years
of sampling, variaticn was rather less than random. Tha only
indication of true succession is the increase of the percent
oligochetes with increased exposure time. This trend is
confirmed in Table 3; the number of cligochete types pear
series increases as well. Most other groups increasas their
. number of types during the first 2 weeks only, from then on
they vary little and inconeitently, although most have their
maxima after 3 or 4 months, which results in the significant
increase of morphotypes shown for Table 1.

While the gualitative composition of the fauna is
relatively stable, the freguency of occupation may varcy
greatly (Table 4). The variance (s82) is in most cases
considerably larger than the mean number of leaves occupied
{(X); hence, a group that was found to be fregquent at one
time may be rare at another. Only the coligochetee and the
nematodes spread out slowly and consistently with exposure
time. Thie is not necessarily due to slow movement, most
naidids, for instance, are rather hbetter swimmers +than the
chironomids. With the exception of the Acari, the Gastrotricha
and of some insect orders, all groups are invariably frequent.
(The only rare organisms were the Tardigrada, they cccurred

once and are mentioned in Tabhle 3). Most Trichoptera,
Ephamaroptera and Odonata appeared inearly developmental
stagas. The Odonata were all Libellulidae and henoe,
cbligatory predators. Obviously, they habe both, food and
shelter in the habitat of submerged litter. (Tha larger

etages are collected by other methods and are categorized
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nu'“nnc:nfauna"; thesa data are not presented in thise
paper) .

Sources of variation

Variation between years (Table 5): For unknown
reasonse the fregquency of individuals may .wvary considerably
between years. While the number of morphotypes per leaf
ramains roughly constant after an initial period of colonization
{eee also Table 1), all serlies in 1985 show exceptionally high
population numbers, particularly the chironcmids.

Opportunistic colonization: The initial mlu‘u:‘;:u.tim
procass is obvicusly a function of the actual abundance of
organisms in the area. The leavas exposaed in 1985 for 24-4B
hours are colonized by more individuals of more morphotypes
(Tab. 53). 8S8pecific cpportunistic behaviour is shown in Table
&€ for the Gastrotricha, the Ephemeroptera and the
microcrustacea: what happens to be freguent at the time (1-
month series) is colonizing more intensely (1l- day series).
The opportunistic effect of colonization may esither mask or
simulata patterns of succession Iin studies with insufficient
data.

Water level: Watar level, surprizingly, seems to
hava no affect on abundance and composition of the micro-
fauna in the litter habitat (Table 6). On March 19th water

depth over the baskets was l.4-1.6m, the 1l- month saries
was exposed in February in ca 0.5 m depth. Until May 15th
the water roge to 3.3-5.0m; the 1- and 4- months series

waere exposed into 1l.5m depth. Yet, there is no differenca
betwaeen the data of the two periods. From April teo August
the water is virtually stagnating in this area, there 1s no
parcelivable surface flow. Yet, oxygen does not seem to be a
limiting factor. TUNDISI &t al (1984) showed that, in a
cantral amazonian blackwater lake, Lageo Cristalino, nocturnal
mixing reaches into a depth of 3-4m. This process, and the
steady influx from the cooler streams draining the adjacent
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terra firme, seem to allow for non— limiting oxygen levels,
Colonization by Chironomidae and Oligochaeta (Table 7)

Chironomids and oligochetes are of Bpecialinhuﬂsﬁ
for several reasons. Firstly, they consitute perhaps thea
most significant fraction of microfaunal biomass in  the
habitat of submerged litter, and they are the staple food of
benthic predators such as shrimps, aguatic insects and small
fish (KENSLEY and WALKER, 1982; HENDERSON and WALKER, 1986;
WALKER in prese). Secondly, most of them are scrapers and
ehredders of litter leaves and as such are the principal
mechanlical decomposers which produce the fine detritus that

is carried downstream into the larger rivers and lakes
(WALKER, 1985; HARGRAVE, 1975). Lastly, the oligochetes are
the only group that shows, so far, a clear pattern of
Buccession.

Practically 100% of leaves that are submerged for
at least one week carry an average of 21 chironomid larvae.
Thie 1s the balance of a dynamic eystem: each day a fraction

guite to pupate, each day a fraction falls victim to predation.
' Freshly submerged leaves are colonized at a rate of 3.4
chironomide/leaf day until the leaf is fully occupied (this
mean includes the 25% not occupied). This is input from
oviposition and from the fraction of larvae that circulate
between already colonized substrates and that has to find a
new "niche". This balance indicates that food is not limiting
for the predators during the period of rising waters, and
that leaf space might be the limiting factor for the rescurce
organisms. The large standard deviations (i.e. 82 » x)
indicate that the distribution of chironomids is clumped in
time (s between several seriles nluj as well as in space (s
between leaves in a single series): at different periocds
chironomids are more or less abundant, and different leaves
are colonised with different intensity, either because
different leaves may be more or less attractive and/or
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because whole egg masses may land on a single leaf.

Body size of chironomids: Table 8 shows that che
mean size of chironomids ilncreases within the first month
(P <« 0.01 betwaen 24h and 1 months, t- test), and aga |
between the first month and any longer exposure period
(P < 0.05, t- test). Predominantly smaller stages colonkize
newly submerged leaves; presumably they stay on the leaves
and grow larger. The relative increase of the standard
deviation (s in %) means greater variability; smallest stages
keep colonizing older leaves with already more mature larvae.
Most specias seem to be very small (pupae < 2mm longl; the
largest individual in the series in Table 8 was 6 mm long.

Leaf mining and surface loss; This is not a study
on litter decomposition, but a few data that relate to the
ecology of the colonizing micro- fauna are given helow.
After 4 months a total of only 4 leaves in the B8 baskets
(= 2.5% of leaves) were fractionated beyond recognitican. The
reamaining leaves had, on the average per basket, lost 3-10%
of their surface. Thus, after 3-4 months a fraction of the
colonizing fauna has to find new substrate to settle.

After aone month, leaf mining by chironomids and,

to a lesser extent by oligochetes, reaches appreciable
intensity. The number of morphotypes and of individuals
were not determined, but one species of chironomid, not

found on the leaf surface, seems to be the dominant miner.
These organisms drill through the epidermis and rasp through
the mesophyll and the hyphae of the decomposing fungi ,
without, however, causing any loss of leaf surface. After 4
monthe more than half of the leaves are mined;: the mean laaf
area with the mesophyll removed in this way varies from
l0~-40% between baskets (these wvalues include leaves nok
mined, i.e. they refer to total leaf area per basket). Leaf
mining and colonization of the mesophyll is thus, perhaps,
the most obvious characteristic of faunal succession on
decomposing, submerged litter leaves.

- The most outstanding feature of the microfauna in
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the litter habitat of the Tarumazinho is the constancy of
the number of morphotypas and, to a lesser extent, of
individuals per leaf. This seems to agree with the MachRTHUR-
WILSON (1963) eqguilibrium model as discussed by CAIRNS (1982)
for freshwater protozoan communities which colonize small
Pleces of exposed, artificial substrates (= "islands"). After
& characteristic period the number of Epecies that leaves
the island egquals tha nunber of species that is settling on
it; the, "island", in our case, being the single leaf,

The few remarkable characteristics of successlon
are the consistent increase of types and individuals of
cligochetes per leaf, leaf mining by chironomids and
oligochetes and the increase of species diversity between
laaves.

The chservations on leaf mining and surface loss
indicate that the rate of underwater decomposition of leaf
litter in acid amazonian waters is not slower than the rate
in streams of the temperate zone, which is 0.2-1.75%/day
(EAUNDERS, 1975). A daily mean of 0.274% results in 100% per
year: decomposition then balances the rate of litter fall,
which amounts to 6.7 t/ha.yr (FRANKEN et al., 1979}, 5.3 ¢
of which are leaves only (ADIS et al., 1579}). These are
measures of dry weight determined for the inundation forest
of the Rioc Negro. With a mean leaf welght of 0.8B7 g (p.629)
we arrive at an annual input of 611 leaves/m?Z, i.e. at
roughly 2 leaves/m?.day.

The following measures aloow for an approximate
calculation of the standing wet microfaunal biomass:

Minimum number of colonizable leaves/m? in the
Bampling area= 396 (author's determinations by guadrat
sampling) .

Mean leaf area= 62.2 cm? (p.62Z% ), ococupied by
30=60 individuals, 21 baing chironomids and 2 other lnsects,
thus leading to a density of 0.5-1.0 organisme per cm? of
leaf tissue. ROBERTSON et al. (this volume) , who counted the
number of individuals of the micro- Crustacea and the Rotifera
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aa wall, arrive at 1,7 organisms/cm?.

Chironomid volume (our own measures) = approximately
234.10% ym? & 0.024 mg (1 wm?®= 1072 mm?);

Welght of 1 ostracod = 0.08 mg, and of 1 nematoda
#« 0.05 mg (REISS, 1977, Rio Cuieiras, black water, Amazomia)y
1 Paramaecium caudatum = 6.10 “ mg (FENCHEL and FINLAY,
1983) . :
' We thus arrive at a total number of 9128 smallest
insect larvae per m? (90% being chironomids) with a wet welght
of ca 220 mg) the rest of the fauna adda at least anothear
10-20%, thus totalling roughly 250 mg. This wvalue is 1000
timee higher than IRMLER'S (19275) value for the total benthic
biomases per m? in the lower course of the Tdrumdnzinho .
However, his samples were taken in the more muddy-sandy sub—-
stratum with less litter and furthermore, he worked with a
bottom dredge. Dredge samples do not allow for the detection
of emallesat, fraglle organisms, and some of the larger ones
{shrimps, Cdonata) escape before the dredge hits the ground
and closes, as pointed cut by the author himself. With the
sama method REISS (1977) recovered 52802 individuals/m?2,
waighing 1.16 g (wet weight), in the Ric Cuileiras (black
water, Central Amazonia). JUNE (19272) collected ma total of
13.000 individuals in 0.064 m3 wire net boxes with wool
shavings, which were exposed (flcoating) for one month in the
igapd of the Rio Hegro. This corresponds to a layer of 6.4
cm over 1 m?, Excluding the Protozoa, the results given in
thie paper, complemented by the more complete counts by
ROBERTSON et al. (this volume], lead toc a minimal estimate
of microfaunal density of 11.000-40.000 individuals/m? in
the litter habitat of the Tarumdnzinhoduring rilsing waters.
Togather with the macrofauna, the data of which are not vet
evaluated, tha figures are expected toc rise considerably,
espacially with ragard to blomass. The shrimps, for example,
have a density cf 10/m? during rising waters in our sampling
area (WALKER and FERREIRA, 1985}.

The results so far obtained support the suggastion
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made by HENDERSON and WALKER (1%86) that amazonian black
waters may be richer in animal biomass than earlier estimates
indicate (FPITTKAU et al., 1975).
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