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Small water colonization in pulse stable (varzea) and
constant (terra firme) biotopes in the Neotropics*

By Urrixke NoLTE

2 With 2 figures and 3 tables in the text

Abstract

Short-term succession of macrobenthic fauna was studied in field-experiments near
Manaus/ Amazonas (Brazil). During three months the colonization of six experimental
pools (with a capacity of 10001, each) was recorded, once in the terra firme and twice in
. the virzea. In all cases Chironomidae were the most important benthic colonizers in
terms of their abundance, biomass, and species richness. In the virzean small waters de-
* tritophagous mayflies (Polymitarcidae) were also numerous. The benthic biomass in the
terra firmean pools became dominated by predacious dragonflies (Libellulidae).

Colonizer communities of both biotopes show distinct successional patterns in re-
spect to their trophic organization and their abundance dynamics. These differences ex-
press synecological adaptions to the constant biotope terra firme and to the pulse stable

virzean floodplains, respectively.
Finally various community attributes are compared with those suggested by Opum
(1969) to be diagnostic of early successional stages.

Introduction

The present paper is part of a study carried out near Manaus in 1981/82,
representing the first work on succession in aquatic communities of Central
. Amazonia. This is surprising as the Amazon floodplains are characterized by
. enormous annual rises of water. Consequently, colonization and short-term
succession of both limnetic and terrestrial communities are fundamental
ecological events in these pulse stable biotopes. Moreover the floodplains of
- whitewater rivers are of economic importance due to their comparatively

fertile soils and richness in fish used for food (cf. Junk 1984). The vérzea thus
was chosen for investigations of succession, whilst for comparison small water
- colonization in the constant terra firmean rain forest was studied.

Methods

In order to investigate basic successional patterns in neotropical small water com-
munities, simplified limnetic microsites were studied. In three series of experiments,

* From cooperation between Max-Planck-Institute for Limnology, working group
“-:rropical Ecology”, Plén, West Germany, and Instituto Nacional da Pesquisas da Ama-
: 20nia, Manaus - Amazonas, Brasil.
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each of which lasted for three months, six water tanks were exposed close to the shogé
natural waters and their colonization recorded. Each tank had a capacity of 10001 and ¢
surface of 1.4 m? Colonization was studied once in the terra firmean and twice in the
virzean pools. A detailed description and discussion of the experiments are presented e}
sewhere (NoLTE 1986), therefore only the main aspects are summarized in this paper.

In each series of experiments three tanks were filled with whitewater and three with’
blackwater, to study the colonization of both types of water in the same locality and o
the same time. The water was filtered (150 um gauze) to remove larger organisms and de-
tritus. The tanks were varnished to prevent an ionic exchange between the walls and wa-
ters, which are extremely poor in electrolytes (e.g. Furch 1984). The bottom of each
tank was stocked with four types of substratum. Three kinds of sands, distinct in grain®
size, were exposed in petri-dishes of 60 cm?, acrylic tiles of 400 cm” served as hard bot
tom. Initially samples of substrata were taken every two or three days, since the rate of :
change is expected to be highest during early colonization. After one month samples
were taken weekly and, from then on, every second week. 180 individual samples were
available from each series of experiments for the analysis of benthic succession. Addi-
tionally samples of plankton, nekton and epineuston were taken and some basic abiotie
factors were measured regularly (see NoLTE 1986). e

Succession was studied from June until September in the terra firme. The tanks
stood within a clearing on the bank of the creek Barro Branco (direct radiation). In the
vArzea the tanks were colocated on a wooden float near the shore of Marchantaria Is-
Jand. These experiments were carried out during the low water period of the Solimdes -
(October until December) and during the rise of the water level (January until April) lo- "
calities are described by FRANKEN 1979 and WORBES 1986).

Evaluation of such consecutive studies should also take seasonal differences into ac-
count. However, most of the colonizers were winged insects with aquatic larvae which
are not subjected to a seasonal phenology in the tropics. Even though such field-expert-
ments always include artefacts due to the lower system complexity, some basic parterns
in colonization and successional processes in terra firme and varzea were revealed.

Results and discussion

Community composition (dominant taxa)

In all experimental pools Chironomidae were the most important coloniz-
ers. Over the three months period, at least nine genera with several species
were found per tank [Coelotanypus, Procladius, Ablabesmyia (+ A. annulata
group), Larsia, Labrundinia, Tany. Gen 4-dnt. and Gen 2-dnt. (acc. to NoLTE
1986), Goeldichironomus, Parachivonomus, Asheum, Polypedilum, Chir. Gen A6
(acc. to Reuss 1976) plus Tanytarsini]. Their abundance peaks were as high as
5,600 (varzea) to 6,000ind./m? (terra firme) with a mean density of about 1,00
to 2,000ind./m? (Table 1). Chironomidae always contributed half of the ben
thic biomass, with a maximum of 90% of the standing crop.

Ephemeroptera were also always present (Table 1). In the terra firmean
pools three to four species of Baetidae and one of Caenidae occurred with high-

est densities of about 400 nymphs/m?, but a mean of barely 100ind./m’. In the
as about
he de

virzea, in contrast, even the average abundance of mayflies w
3,200 nymphs/m2, but only in the whitewater tanks (see below). Here t
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Table 1. Insect colonization of the experimental pools. A comparison of number of taxa
and mean abundance in terra firmean and virzean communities.

insect families number of discernible mean abundance during
taxa* 3 months
terra firme  viarzea terra firme  vdrzea
Chironomidae 9-12 9-10 2,000 1,000
Baétidae 3— 4 - 10-14 -
Caénidae 1 2 20-85 7-14
Polymitarcidae - 1 - 3,200
Libellulidae 1- 2 - 35 -
Culicidae 1- 2 - 70-80** -
Chaoboridae 1 1 8 28
Notonectidae 1 1 70 8
Corixidae 1- 2 1 10 7
- Total (max.) 25 16

* Diptera: genera; others: species. ** restricted to the first 20 days.

tritophagous Polymitarcidae Campsurus notatas was eudominant. Two species
of Caenidae were found sporadically (Table 1).

Odonata colonized only the terra firmean pools. Libellulidae were impor-
tant predators with a maximum abundance of 300ind./m?. In the virzea only a
few Zygoptera were found in the small waters.

In the free water bodies the following insect taxa were recorded (Table 1):
In the terra firme two genera of Culicidae occurred with 70 to 80ind./m?, but
only during 16 to 20 days after the experiment had started. From the third
week on Notonectidae became numerous (avg. 70ind./m?) and their offspring
had reached the 3rd, 4th and 5th instar. These are known to be effective cu-
licid-feeders (ErLis & Borpon 1970), preventing mosquitoes from becoming es-
tablished. In the open virzea, neither Culicidae occurred, nor did Notonectidae
show a higher abundance (avg. 8ind./m®). Some Chaoboridae, Ceratopogo-
nidae, Dixidae and Corixidae were recorded in each series of experiments.

The observed composition of insect coenoses is characteristic of sparsely
structured, astatic small waters in various climatic zones of the world, but it is
noteworthy that Coleoptera did not take part in the colonization of the
studied neotropical micro sites.

It is not possible to deduce a definite order of colonization within the in-
sect taxa. Whilst chironomids were recorded earlier than mayflies, which in
turn appeared earlier than dragonflies, this can be attributed to the different de-
velopmental times of their eggs rather than to successive oviposition. It should
be mentioned ‘that among the chironomid taxa a colonization order was ob-
served to some extent in all three series of experiments (NoLTe 1986). In the
virzea and terra firme, algal and detrital feeders became established first. Pre-
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dators appeared in higher densities only during the third month when the b;

-

thos had become more complex, and sufficient prey was available.

“r-selection”

As expected, most of the colonizers show features of r-strategists: All g
corded Chironomidae take 11 to 16 days from egg to emergence, Culicidae
only 4 to 7 days. High reproductivity of mayflies is realized in different wayg
Campsurus notatus produces some thousand eggs per female, considerably
more than other Polymitarcidae. Brasilocaenis irmleri takes only 14 days for: .
development (IrmLER 1981) and Caenis cuniana, the other colonizing Caenidae =
of the vérzea, is parthenogenetic (Froenricu 1969). Flexibility in the feedingv"‘ -
habits was observed in predacious Tanypodinae (Larsia spec., Ablabesmyia an-
nulata-group), which switched to algal food when their prey ran short. The -
high dispersal power of all recorded insect taxa also favours r-selection.

Primary colonizers are mainly generalists. In the case of C. notatus a spe-
cialization to sediments with a mean grain-size of 0.1 mm was observed, and it -
does not tolerate blackwater conditions (see Novrte 1986). Therefore this vir- "
zean colonizer can not be called eurioecious.

Abundance dynamics and standing crop

The insect coenoses from varzea and terra firme show differences in com-
munity attributes which can be seen in quantitative data (abundance, biomass)
In Fig. 1 the abundance dynamics of Chironomidae on the four exposed types
of substrata is given. Exemplary, their colonization of water appropriate to the
biotope (blackwater/terra firme, whitewater/virzea) is compared. The denst
ties of Tanytarsini and Chironomini, tribes comprising mostly primary con-
sumers, and of the mainly predacious Tanypodinae, are plotted separately.

The abundance of midges from the terra firme fluctuated over three
months, eventually reaching their maxima after 10 to 11 weeks. Virzean Chi-
ronomidae, on the other hand, attained one clear density peak of 4,500 t0
5,000ind./m? within the first four weeks. Two weeks later their abundance
evened out to about 10% of the initial densities. Such continuous density
fluctuations of colonizers from the terra firme, in contrast to early maxima
with subsequently well-balanced abundances of insects from the virzea were
also observed in Ephemeroptera. The virzean C. notatus attained highest denst-
ties within the first four weeks with enormous peaks of 16,700 t©
16,900 nymphs/m? on silt (exposed Solimdes sediment). Three weeks later
these extremely high abundances decreased to about 1,3001ind./m?, when older
C. notatus had grown from barely 1 mm to about 8 mm in length, even though
a permanent hatching of young nymphs was recorded. Other insect taxa r&
mained too rare to find similar abundance patterns.




Small water colonization in pulse stable (varzea) 547

. taxa
% bath pelagic
pelagic and benthic benthic
Hydrachnid

AbL. annulata
Ablabesmyia

Coelotanypus
Procladius

Cyclopoid. larsia

L& tabrundinia |

. i
Eprlu?m::gggta ; Ephemeroptera
Chironomidae juJ| &= y: 1

gy X Tanytarsini
~ < entomostracous
- A ] et
1

3 A
Crustacea
Culicidae
Dixidae
j |

Protozos
Va

» diatoms
filamentous heterotrophic
,/7 green algae bacteria
A N\

L

dissolved suspended gedimented
organic matter organic mattgr organic matter

= 0ligochaeta
=R
jl_Turbellaria

1

g

g=mmmy zoophagous
ssam)p phytophagous
——> detritophagous

Fig. 2. Qualitative scheme of the food web (for explanation see the text).

concept is widely accepted, but there have been only a few attempts at testing
its validity (Drury 8 Nisper 1973, FisuEr et al. 1982). Comparison of the nine
evaluated attributes show that trends in small waters of the terra firme gen-
ﬂ?ﬂy agree with Opum’s predictions, whereas those in the virzean small water
£ coenoses are often divergent (in Table 3 OpuM’s numeration is given in paren-
Fibesis). -
(1) The benthic yield was always high in comparison with natural waters.
: ;Apart from the edrly successional stages, this results from the fact that the
ftudied pools were largely closed systems.



-2d0301q UEIZIEA I[QEIS asynd pue upawLIY} 13 Jueasuod 341 03 uondepe
nquIte-ARUNWWOD Jounstp 3591, -doio Sutpuess d1au3q
3141 JO % p pAPaOX2 134U @a:..vomhca 1) s1ouInsuod Axepuooas pue Jeaul] paurewIal UTEY>
pooy o1 232H (prunBOUOIYD ,u%_uu«:.:;_o& snanap uo 3uipady A[uTEW ‘SIDWINSUOI
Azewruad Jo paisisuod 1523100 U ‘SAHUNWILIOD weaziga L€ ug)sypes B Ajuo e
a¥1jgam pue xajduwod 219 suotyeas oiydos a1yl pue Yz 9198l ‘% TL nogqe) ssewiolq o
sw121 U1 (9EpnIUoIoON geutpodAue], <sepyn[Parl) poreuIuop 10iepard aweddq saprunw
W) JoJeA [{EWS UBIULIL 1133 ap pouad fuour 3314 ayp duung [(smaviou snansdur?)
sepsenwi£jod pue (1 3u3) ussyerkue ], -dsa] saouepunqe pasuefeq|P2 juanbasqns s
syead Ansuap fentut y3iy pamoys $I9ZIUOJOD UEIZITA JueUIWOp IS[IYM ‘[sepuideq pue (
3n) sewypodAue], ‘upmouoyD) cuisieIfue], -dsa] powsad yyuow 32143 oy Bupinp suold
|N=uu=c UUCN?CDJ« mq—O-—Emu:OU mvosPO—.—m whu\Nm:O—OU CNDE\_: d‘:u.ﬁ HN u—ﬁmv—. .Nwﬂhm>v doxs
Furpueis JPUIQARP IO % ¢6 01 dn Sunnquiuod {1919eL cexousd 71—6 30 I00) sappads isowt
r_uma m—OO& v—*u 1QN-.=O—OU m%na—d UN@—.EOGOMT*U —muﬂUET—U&%u wO mu_uvw uu.—ﬂa uJu uy .w:OmuN—
aroydon Ly jo Anxadwod pue doi 3uipuels ¢sorureufp 20uEpunqe cuorsoduiod 1Y}
uD swidl ut —uUhN&EOQ 317 m&OuO-.hﬂ E—u°n~ wo WD:ME—.—EEOQ uUUwﬁw w:_N-.CO—OO ur—» wo mvu—dn:uu
4y 'sjood _ScuETC&B Jo e 243 Yais (puuayy e192) 15210§-UTed Y3 UL pue (eoz3E4) sureld
nﬁooc ENMCONNE(ﬂ UJH ﬁm muv_.*v—uuw SeM mvmu_C—‘—EEOU Umuwﬂwwd wc CO—.mwoou—.—m EhuunP—Oﬁ—m

uﬁmmvnau\_ 03 ﬂOOnmuvmvr_: 2Je 52}

Arewnung

*saINqLIe w2is£s002 u_ruumm Bn_ao‘.m

-de £dde 03 oE_mmom aq pinoys % “(sedoroiq 21qeIs asjnd 10 1UEISUOD woij
peunioaI sanuNWuIod Jo sswashs orgdonory dJoul 30 oiydoxone I0W
‘3-3) uolstaIpgns §ons auo Jo aameu 243 JO woruBo0ar P “(s10ze43 uodn
poseq »:._«Efm aq ureyp pooj A4 ey pUEWIP O3 payisn 30U s1 3 wRishs
oydonesdy Suidojasp € Ut opdwrex? J0f) uoISIAIpqRS 1 01 a[qeaIns 2I0W
w0y € 03 PAIpOH 3q uaY Ued PRI ‘gp1a1lo SNNAQN JO coﬂ«u:m% 03 soud
.vumomo\& st saInqUITe DIsEq Jounsip Yas swiaishs JO UOISIAIPNS © a10j01aY L,
-sad0101q UIEMD 0§ areudorddeut sieadde 1 {9561 AAMId /6] WANSOHOS
7861 '[¢ 32 ¥EHSLY 39) swia1s4s [eLIsalIal pue suLrew ‘onauwl 1510 Ul UOlS

-§3000S JO SITpNIS jo pue .mu—q—mwu uﬁOwou& EL jo souanbasuod € st ng dmm%—sﬂd

WolssadIns [eoraidura ug SHOMIUIE) [AJIST E Apqnopun st 1daouoo s KNAQ
“BLI2ILID atgoads-uou Jo uon
-onponut a3 Aq anfea s31 3a0p3S (g6l ‘e 12 ¥aHSId ‘cr61 1FISIN B aamiqg)
1dauod s nndQ jo :oﬁ«n:«b:»m e 10} Spuewap Junynsai YL 52154509
uzsxa e 03 mu?ﬁbﬁ.%ﬁ.::EEOQ pojie1sp uo Koo auo JO E:ES_E
-de 5y3 pIEAod {gL61) 1IN B aun(] 49 ﬁvwmuaxo 3sa1§ ‘aqnop A3 suoddns

siy , "1daou0d (6961) SHNTAO Pim wed ul Ajuo 2213e synsat quasaxd Ay L
“ponw

-19d s1 uoneqsnsad Surmoj|o] SNIeW Anunwwod snotaaid Jo JuImIUTENE pides

e 2outs ‘SwaisAs xapdwod 553] 03 srsupnut st AUIQes aatle[ad {wnaQ) L3
9A9] J21EM Ul suorEnIon(y) suoneqinuad 03 DUTSH

-[igeas 10§ UOLIAILID Y st (]
Jouued swsAs 19pjo ueyl wco_.aaf:ﬁom

-1 F_ur—a %—ud—ﬂumtmnw .muONm—.ﬂuuﬁOM Oﬁ
01 agnidaosns 50W skem[e are saBels [euOI1ss3000S Area 2er3 uonorpaid s KNAO

6¥S (eozipa) 31qe3s asjnd uy UOLEZIUO[OD 1278 J[EWS

Jety) patels 2q O3 sey 3 (7T8GT) “fe 10 WTHSL] s jusuiaaide uy ‘surejdpooyj 3
jo Aupiqess asind ay1 03 uondepe juasardar 03 pooisiapun st siy F .AM.EMEM \
35UBpUNGE ‘S[3A3] srydony ‘ureyopooy) suzared _«:o_u«NE«whm uEE_W A u>m
-e1edwod MOYS SANUNWWOD ULSZIEA Bunof ‘1a1jrea o _umﬁ:om sy .mc.o:u_ :r
-12d [euI21X2 01 DUEISISIT S ST waishs € jo Lpiqess a3 munwuv wnap ?VA
‘e
-as-1 axe Aoy pue ajdwiis pue UOYs 218 SIIZIUOOD [[E JO 30145 ay¥] MMAMW“S_
S AE”MNEO_JQ [[E 40§ pazi[esauad aq 10UUED 0U[EA _«u_w.o_cuu proiq
q JesISgnS Angenbiajea) saanionns adoioiq 03 pozijedads si sl

-0t *7) JURUTWOPNA 33 [UIsIEIUL], SIPISq ‘£1e13uod uo .«uﬁg, upt uy ._.:_ES
-Aue], jo uondsoxa oy Yaim “{(Aarpend sojem ‘wniensqns .ﬁco.a\ mum;ﬁuzuw u.huk
QULITJ ©1J2) 93} UIO] SIFZIUO[OD JUELIWOP 31} ‘WNAQ Yua Equu.\_wn uj ()

. . -a5e210Ul sAEmE 10U PIp Xapul £1isiaa
.MM M:_H.M MMMM M“—MQ.N.MH”&Q: 'y *89) sarads a[3uis € jo uu:«EEﬂM o:wow uwromm
21 ut : 1 YA PIseaIoul exel Swiziuojos jo Jaquinu 3], (¥)
uoas sea ‘vordnpoid £peas e Inq ‘Jenewt swedio jo indino ou SWINSAS pasopd
a3 U] AW Yum paseaIout do1> Suipuers [e101 2y ‘spipaad WNaAQ sV AMV _

. “3[qessiupeun st uonezifesouad e yons umf smoys Apmis uasasd

oy 1, ‘swaisds onydonorsay pue swydoxioine urgsindunsip noyaia [¢ djqe

() os[e 29s] sa8eas [euoIssazons Ajdea U1 30IN0S E.«twa:&:r ue wE_.:o mm‘_wn_h_w.w_ m
KNQQ) "SNIIISP UO Paseq AJUIEW 2194 SUTEYOPOO] 33 A.owﬁ E..O.Z Mo:uﬂ. EM
Arewrzd mof) ongdoniorsiay Apaneredwod aRm PIYA ‘sIEM :«Ew.cmuﬂ-g
vr—u Cm ‘ISE1IUOD uj .um r—u:’ﬁ OOMW& »U.Nw~w uo mvow thNmF—O—A.uU ENUE\:w B1I93 3yl w:oﬂh.-ﬁ
siownsuod Arewird j[e 1sowje eyl s3uipulj a3 ‘12A9MOH] ..Euoﬁous s NOA
yum saaadestp oMEf YL, SYPM MDJ T UM qampoo} xo[dwos € _u.omo W
-va $3SOU300 M—:—O% UJ» .ﬁﬂwr— .—Uﬁ_uc Ur—u uo .OEhm 119} UJ.— CH .hmvﬁ—: ﬁuv—:mEv\— m—U_
JURWILIOD UEIZIEA Y] UI SUOHIE[S srydon ays syauowW 32141 3 .m:E:.Q @ !

‘souadraalp — “uowaarde +
B suoneqnusad jeurax:
25E3I0UI WLIIN-UOYS O P
N . vu._ + 100d aood 03 aduesisas) Lupiqess {77) ‘6
1199 + OO} uoLI[Is-4 unioj qmoad (g1) '8
B uone1ausdal uAIINL
N , n”_uf”cm:: +  weuodwiun juenodunun ut saunIp wo. ajos (1) °
duwis ‘woys  + apdwis “uoys apdurs ‘uoys C saphaapy (° .n
(s3ueumiop ut) (sweunwop ui) o
- MOIIEL  +
proiq proiq uo1TEsT
N nesieizads ayoiu (77)
: MMMHM”_ + SISEAIIUL  SISEAIOU] ‘M0] Kusiaalp mu__“umm Mwuw M
T+ SISERIOUL  SASTIIOUT ‘[fews . ¢ 1
— ﬂMvvow smep  + Supzedd Kuiew Jurzesd w___w:nE e rerbio 12 (9) ¢
. i M - ! ! H
‘ jurew Rum:: ENUEIELN treau] uieyd pooy () T
1! + ’ (
ydy yiy 434 (pd) a (v ) 1
vIZIPA swiy e (g wnaQ &
yoressas 1uasaid jo sansds ¢ wa_vvuﬁ_.wmcu s s 022

suopaipaid (g961) SHAGO 3l si[nsal juasaxd ay3 jo uostreduio)) ¢ 3[qeL,

2i[oN @
[ON 940 8vs




550 Ulrike Nolte, Small water colonization

The present findings are compared with the succession concept of Opua: f 1969),
tributes of terra firmean communities largely agree with Opum’s concept, but v§
coenoses often show divergences (Table 3). Therefore, a subdivision of €Cosystems wi.
distinct basic patterns is proposed, before attributes specific to early successional
can be classified. :
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