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Abstract

A survey of the soil meso- and macrofauna in thliferent forest systems (a primary forest
and a secondary forest site as well as two polucelplantation sites) in central Amazonia
was carried outbetween July 1997 and March 1998in\interest of the study was to reveal
the presence, abundance and relative importandemdtional groups of the soil fauna in
decomposition and nutrient cycling processes irygoture plantations. Here we describe
and analyze the abundance of the meso- and maanaf&urelation with litter quantity and
its dependence on regional climate conditions ab agesite-specific microclimate. Mean
mesofauna density over 8 sampling events in adldliorest systems ranged between 13-
17,000ind./m? at the lower end when sampled irdtigseasons and 30-40,000 ind./m?atthe
higher end when sampled in rainy seasons. Mean amiauna densities ranged between
2,100 Ind./m2during the La Ninadry season ingbéculturesand 9,200 Ind./m? during the
El Nino dry season in the primary forest. The assemt of the macrofauna in the
plantations showed a substitution of taxa and fiomel groups dominating in the primary
forest. Social insects (ants and termites) wereenayundant in the primary forestthan in
the secondary forest and even less abundant ipgheu fture plantations. In contrast, some
primary decomposers (diplopods and isopods) wemerabundantin the polycultures than
in the forests. Litter quantity was an importanttar d etermining abundance of litter fauna,
butthe association was different for differentpbnd influenced by the temporal variation
of rainfall. The strong rainfall deficits during ¢hEl Nifio eventhad no negative effectson the
soil macrofauna. Most arthropod groups had highleuadances during the predominance of
El Nifio, than in the following normal and La Nifigeats. Thus, the soil macrofauna
responded differently fromthe soil mesofauna. Botacrofauna and mesofauna migrated
from the litter layer to the soil layer during ElfiN.
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Introduction

The term El Nifio” originaly applied to an annual weak warm oceamrent that ran
southward along the coast of Peru and Ecuadortan Deecember. Only subsequently did it
become associated with the unusualy large warmingthe Pacific that occur every few
years and change local and regional ecology. this Pacific basin-wide phenomenon that
forms the ink to the anomalous global climate qrat. The atmospheric component tied to

El Nifio is termed the “Southern OscillationEl Nifio corresponds to the warm phase of
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ENSO EI Nifio-Southern Oscillation). The oppositda‘ Nifid' phase conssts of a basin-
wide cooiing of the tropical Pacific and thus theldcphase of ENSO (Trenberth, 1997).
During moderate and strorig) Nifio events of the past 30 years, ranfalls were lawenost

months of the year at the Embrapa climatic statwhereas higher preciptatons were

registered durng moderate and strdray Nifia phases.

The primary aim of our investigation was to stutlg regeneration and more sustainable use
of already degraded areas, so as to diminish tmeamuimpact on primary rain forest in
Amazonia. The basic hypothesis of our nvestigatiaras that sol fauna and microorganisms
are extremely important for the mantenance of thefrient cycling processes and
consequently for the sustanabilty of natural asllvas anthropogenic ecosystems. Our study
of the sol ecosystem compartment included strattand functional endpoints. One of the
objectives was to evaluate the specific contributid the different soil fauna groups to the
decomposition of organic matter. Central Amazosaai climatically variable region with
pronounced regional rainfall gradients (Ribeiro ahds, 1984), Fischet al, 1998) and a
high rainfall variabiity from year to year and Wweten decades (Hanagarth al in prep.).
Our study, which was carried out between July 1893 March 1999, was affected by one of
the strongesEl Nifio phenomena of the 20century (Changnon, 2000). High rainfall deficits,
extremely high temperatures and high evaporatibasraharacterised thEl Nifio weather
stuation between April 1997 and April 1998, wheareia the folowing period "normal” and
La Nifia conditions (July 1998 through at least Decemb&9)19revailed. The year 1997 was
the second driest year between 1971 and 2000 angcda nformation from the Embrapa
cimatic staton near Manaus. These extreme ctimstuations made it necessary to analyze

the soil fauna abundances carefuly under the tsfigficthe clmatic conditions.

Study sites and methods

Ste description

The Braziian research institute, Embrapa-Amaz@iidental, where this study was carried
out, is stuated n Central Amazonia, about 30 kaside Manaus (02°53'S, 59°59'W, 40-50
m a.s.l). The natural vegetation is domnated bgease primary lowland rainforesteifa
firme) on nutrient-poor soils classified as yelow clayatosol (Xanthic Ferralsol; FAO/
UNESCO 1991).



The study sites were pbts of two forest sies angl plantation type wih two plots. A first
pbt of 40 x 40 m was marked out n a primary forf@d.0). A second plot of the same size
was marked out in a nearby secondary forest (ggpwime 1984, SEC). The two other plots
(POA, POC) of 32 x 48 m were marked out in largécpliures where, n 1992, four
different tree species of commercial use had bdmepd n rows and secondary regrowth
had occurred. In these plts the tolerated segpndagetation (mainly Vismia spp.,
Guttiferae) dominated the stand and especialgr litroduction (Becket al, 1998; Héferet
al., 2000; Hdoferet al, 2001). Therefore these plantations are simdarintproved young
secondary forests. Al plots were situated withimdistance of less than 500 m from each

other.

Local climate characteristics and microclimate

According to Koppen's classificaton (Heyer, 198throder, 2000) the climate in the study
region corresponds to the Af-type (A = mean tenmpezaof al months over 18 °C; f =
monthly precipitation over 60 mm). Spanning 30 ge§t971 - 2000) the average annual
rainfall was 2554 mm (SIx 273). The mean climate condtions are charactetisea very
strong wet season wih over 200 mm ranfall per tmérom December to May and a short
dry (or “low rainfal’), but not arid season fromul to September when the prevaiing
monthly precipitation is still slighty over 100 mnirherefore, the general cimate condition
can be designated as perhumid (preciptation ofmaliths s over 100 mm), without a real
dry season. Average monthly temperatures variedheggt 25 and >28 °C with a 30-year
mean of 26.0 °C (SB 0.9) (Hanagartlet al, in prep.).

The microclimate n the four plots was measuredgusimall data loggers (“Stowaway XTI

Internal/External Temperature Logger" in air-tighsubmersible” cases; "Stowaway RH

Relative Humidity Logger" from Onset Computer Cogtion, Porasset, MA, USA). We

recorded temperature in the ltter layer above dbieand in the soil at a depth of 5 cm, and
relave air humiity at about 10 cm above the. sDihta were obtained in three subsets:
August 1997 to March 1998, May 1998 to November81%hd November 1998 to April

1999. A detailed evaluation of the microclimatepriesented n Martiugt al (2004a).

The microclimate showed some strong differencesvd®n the plots (Fig. 1). Mean liter
temperatures in FLO and SEC were similar, but B plantation plots the means were
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consistently higher (about 2 - 4 °C). The highestximum temperatures at the litter level
were achieved in POA. Temperatures at the solserfvere similar to temperatures in litter
in FLO, SEC and POC, but in POA liter temperaturas considerably higher than the soil
temperature (Martiuet al, 2000). The miroclmatic differences between thwe plantation
plots are due to different structural charactesstif the vegetation cover and shadng effects
of neighbouring plots (see design of the whole ex@ntal area in Lieberei and Gasparotto,
1998). In POA vegetation was sparser and the &itays received high insoltion during the
mostly cloudless morning hours, because the neigho secondary forest and other
pantatons did not throw enough shade. The POC ipliocated beside a tall primary forest
and achieved shading in the morning and less saldation in the afternoon, because of the

higher cloud cover in the later day hours.

Soilfauna sampling

The "basic samplng program for sol fauna" coesisin 8 samping events: 23-24 July 1997,
1-2 September 1997, 1-2 December 1997, 2-3 Mar@8, 1B2 June 1998, 1-2 September
1998, 1-2 December 1998, 2 and 4 March 1999. Eaatplsg event took two days to be
accomplished. Four different sample types werentakéh the following methods: small soil
core samples (6.5 cm diameter) were taken twigegxtraction of the arthropod mesofauna
with a Kempson apparatus, and for the extractioomiofodrid worms by a wet-extraction-
method (RGmbke 2000); large sol core samples ofc2l diameter were taken for the
extraction of macrofauna (arthropods) with a Berepparatus. Already in the field all these
samples were separated n two sub-samples, tee lityer ncluding the root-mat and the
upper 5 cm of the soil core. Earthworms were dekdoy formalin extracton from 4 m?
large quadrats (Rombke, 2000; Romiakeal 1999) . In each of the studied systems (primary
forest, secondary forest, polyculture) ten sampe®ach type were taken at the frst day,
starting with the polycuture POA and continuing SEC and FLO and ten samples at the
second day, starting with POC and continung in S&@ FLO. As such, 60 samples were
taken in total per sampling event, ten samples darh POA and POC; 20 sampes each
from SEC and FLO.



Fig.1.Litter and sol monthly mean temperatures in tifiemint study plots from August
1997 to March 1998 (97/98) and from May 1998 to ¢Hat999 (98/99),
n.d. = no data.

Classification of functional groups
The smal soil cores were used to assess the gwitipsnost of the specimens belbw 2 mm
body length, e.g., Acari, Colembola, Symphyla, tfvey Pauropoda and Enchytraeidae,

herein caled mesofauna. From the large sol capscimens of al arthropod groups except
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those of the above-mentioned groups were treatednasrofauna, independent from their
size. These include and differentiate all macrafaaore taxa as defned recently in the report
of an international workshop on soil macrofaunad hiel 2000 at Bondy, France (Lawelle and
Fragoso, 2000.), except the earthworms (Oligocha@pisthopora), which were sampled

separately.

Further classification of the macrofauna into prerda decomposers, herbivores and others
(not clearly bebnging to the above groups) was eddollowing common knowledge
accomplished in the case of ants and beetes byxmert knowledge on Amazonian fauna
(for beetles see Hanagarth and Bréndle, 2001). hisv gtudy, only arthropod meso- and
macrofauna extracted from the sol core samplesnaestigate d.

Litter fall and litter stock

Litter fal was recorded as weight of dried ittBom weekly samples from 10 (POA and
POC) or 20 (SEC and FLO) colectors with a basehasf 0.25 m? each. Litter stocks were
recorded monthly by weighing dried litter which waken with the macrofauna soil cores.
For the analysis of liter stock - macrofauna ahips, data on liter stock and macrofauna
abundance were both taken from the same Berlesplesan®nly data of six sampling events
were considered (from December 1997 to March 19B8% litter samples were separated by
sieving into five fractons: leaves (not passingsmevidth of 5 mm), fne organic matter (fine
litter, passing mesh width of 5 mm), wood and twais>1 cm diameter and of <1 cm

dameter, and roots.

The "El Nifio” and the “La Nifia” phenomena

The chssification of El Nifio”, “La Nifia’ and ‘normal’ cimate conditions during our study
period follows Trenberth (1997). During our studgripd strongEl Nifio weather condiions
prevailed from April 1997 to April 1998, whie “nmal’ situations existed in May and June
1998. La Nifiaconditions began in July 1998 and ended in [a89.19

For the evaluation of inter-annual and seasonabtioar and the vertical distribution of soil
fauna abundance in relatonship to weather caomglitidche fauna samplng events were
grouped into the following categories accordingramfall deviation patterns and the duration
of the EI Nifio event (Fig. 2):



1. Samping undelEl Nifio conditions:
a. in the dry season 1997 after months with stramgall deficits (first sampling in July and
second in September 1997);
b. n the rany season 1997/1998 after months wibderate deficits (thrd sampling in
December 1997 and fourth in March 1998);
2. Samping under normal atda Nifiaconditons:
in the dry season 1998 preceeded by close tagwernfall patterns (fifth samping
in June and sixth in September 1998);
3. Samping underi_a Nifia conditions:
in the rainy season 1998/1999 preceeded by eseesasnfals (seventh samplng in
December 1998 and eight in March 1999).

Fig. 2. Deviation of monthly preciptation (n %) of thmean (1971 - 2000) in the preceding
3 months of every samping event durng the studyiog underbyed by the usual

clssificaton in dry and rainy seasons and theulsimeous occurrence @&l Nifio and La

Nifia phenomena.

Results

Mesofauna

Mean mesofauna densty in all three forest systeamged between 13,000 and 17,000
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ind./m2 at the lower end when sampled n the dasees and 30,000 - 40,000 ind./m2 at the
hgher end when sampled n rany seasons (TableEfgeptionally high densities (50,500
and 78500 ind./m?) were reached at two samplirentsvin polycuiture POA (March 1998
and December 1998). Highly dominant in all plotsreveéhe primary decomposers oribatid
mites (43-62 %), followed by enchytraeids (14 - 23%nd collembolns (6-13 %). The
predatory non-orbatid mites were also abundant {(180%). More detaied information on

mesofauna biomass has been presented by Fraidmh (2001).

The wvery high densites in March and December 189% OA were caused by extreme
oribatid mite densties in several singe samplsanetheless oribatid mite densities were
often and also in total higher in all three antbgemic plots than in the primary forest (Table
1). The contrary was observed for springtails @ dbola)

In the primary forest and both polycukure plotg timesofauna moved down from the litter
layer nto the upper soi layer during the dry seas; 1997. This was not observed n the
secondary forest, where a much hgher liter cowabably prevented the fauna from the
drought (Frankiin et al. 2001).

Macrofauna

The macrofauna included a total of 29 high ordénrgpod taxa, of which 9 important groups
(predators: spiders, chiopods, pseudoscorpionglurali decomposers: diplpods, isopods
and diptera; larvae and adults of beetles) weresidemed. Macroarthropods were abundant in
al three systems studied. Mean densites overigiit sampling events were highest n the
primary forest (FLO) with nearly 5,000 ind7nand lowest in the secondary forest area (SEC)
with nearly 4000 nd./m (Fig. 3). Highest densities during the whole samgpberiod of 21
months were observed in Juy 1997 n FLO and Deeeni997 in both polyculture plts
(POA and POC). With the exception of the primarye$g arthropods were always more
abundant in samples taken in December, at the rimggrof the rainy season and less

abundant in June, at the beginning of the dry seaso

Predatory arthropods made up between 46 and 53%hecfindividuals, and decomposers
between 34 and 43%. The most abundant predatore ywsEudoscorpions, diplura, spiders

and beetles. Predatory ants were more abundanhk iiotest areas, especially in the primary
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forest, than in both polycultures. Termites (Is@tewere the most abundant decomposers in
FLO and



Table 1: Mean densities (ind./m?2) of the functional mesagagnoups during the study period 1997 - 1999

Primary forest FLO

taxon

Acari: Oribatida
Acari Non-Oribatida
Collembola
Pauropoda

Protura

Symphyla
Enchytraeida

Total M esofauna

Secondary forest SEC

Acari: Oilibatida
Acari Non-Oribatida
Collembola
Pauropoda

Protura

Sym phyla
Enchytraeida

Total M esofauna

Polyculture POA
Acari: Oribatida

Acari Non-Oribatida
Collembola
Pauropoda

Protura

Symphyla
Enchytraeida

Total M esofauna

Polyculture POC
Acari: Oilibatida

Acari Non-Oribatida
Collembola

Jul'97
7,838
5,257
2,519
46

121
192
5,500
21,474

Jul'o7
4,152
3,313
793

17

33

92
7,000
15,401

Jul'97
9,518
3,328
1,306
375

87

500
2,500
17,614

Jul'97
9,051
4,635
1,369

Sep'97
10,078
5,956
2,986
39

105
175
2,400
21,740

Sep'97
7,527
4,603
1,431

36

2,700
16,360

Sep'97
8,523
6,812
1,275

29

87

525
3,300
20,550

Sep'97
6,687
3,701

550

Dec97
16,595
5,215
1,775
95

59

92
1,700
25,531

Dec97
10,964
5,412
793

16

66

142
1,800
19,194

Dec97
20,529
10,700
1,711
29

58

992
1,900
35,918

Dec97
11,384
3,764
2,613

Mar'98
11,726
5,863
1,882
85

72

92
3,300
23,021

Mar'98
20,233
5,739
5,442
40

149
167
3,000
34,770

Mar'98
34,588
6,656
2,240
29

115
624
6,300
50,552

Mar'o8
19,347
6,874
2,686

Jun'98
11,509
4,323
5,785
27

66

83
8,100
29,894

Jun'98
16,547
5,552
3,499
30

43

17
9,900
35,589

Jun'98
20,778
4,541
5,163
0

87

467
9,900
40,936

Jun'98
19,751
2,022
342

Sep'98
5,490
2,535

995

81

107

16
5,800
15,024

Sep'98
8,880
1,851

700

33

123

17
3,900
15,504

Sep'98
12,784
1,089
747

0

462
250
1,800
17,131

Sep'98
10,669
7,589
1,337

Dec98
9,860
5,303
4,308

79

136
267
10,400
30,353

Dec98
17,885
7,092
2,893
22

167
291
8,700
37,049

Dec98
63,266
5,754
1,835
29

635
275
6,700
78,494

Dec98
11,913
3,701
2,706

Mar'99
10,093
5,552
5,197
32

49

192
7,300
28,416

Mar99
14,308
6,454
4,510
40

45

200
12,500
38,057

Mar'99
16,983
6,998
4,728
577
173
967
8,600
39,027

Mar99
12,970
7,838
5,039

Mean
10,399
5,001
3,181
61

90

139
5,563
24,431

Mean
12,562
5,002
2,508
25

83

123
6,188
26,491

Mean
23,371
5,735
2,376
134
213
575
5,125
37,528

Mean
12,722
5,016
2,080

SDin%
31%
22%
54%
45%
36%
58%
54%
21%

SDin%
44%
34%
74%
50%
66%
78%
63%
40%

SDin%
78%
50%
69%

164%
101%
49%
62%
55%

SDin%
36%
43%
73%

Median
10,086
5,280
2,753
63

89

134
5,650
24276

Median
12,636
5482
2,162
26

56

117
5450
26,982

Median
18,756
6,205
1,773
29

101
513
4,800
37472

Median
11,649
4,199
1,991



Pauropoda
Protura

Sym phyla
Enchytraeida
Total M esofauna

29
895
408

3,900
20,286

144
144
466
2,100
13,793

260
1,675
216
2,100
22,011

664
1,732
550
3,700
35,553

318
491
158
6,600
29,682

11

1,357
1,501
308
2,300
25,062

144
173

92
7,000
25,730

635
1,155
808
6,500
34,946

444
971
376
4,275
25,883

98%
67%
62%
50%
29%

289
1,025
358
3,800
25396
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Fig. 3.
Abundance (ind./m2) of the whole macrofauna inlitex and soi fraction of the core samples durthg study period from 1997 to 1999.
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SEC (24 and 14% of all arthropods) and clearly elsndant in the polycultures, whereas in
the polycultures diplopods dominated the decompageup (7 and %% of all arthropods).
Ants classified as decomposers made up 7 to 11%ll @frthropods (Verhaaght al, 2001).
For more detais and information on macrofauna &&snmand diversity see Hofet al,.
(2001).

Litter fall, litter stock and macrofauna abundanredationships

The highest weekly liter fall quantities, togetheith the highest variability, were recorded n the
dry season of 1997 (September/October) (Fig. 4. Aigh difference of the mean monthly litter
fall n the second half of 1997 to the means okrmifears becomes apparent as in previous years
(1993-96) no significant nter-annual variation wdetected n a neighbouring primary ran forest
(Martius et al., 2004b). This akeady points to an effect of thergtEl Nifio of 1997. The
variation of liter fall in FLO was higher than the other plots, best explined by a higher
heterogeneity of the vegetation structure at this pitter fall was low from February to March
1998, and increased agan during the dry seas@ (8&ptember) (Fig. 4). In FLO, annual litter
fall was higher in 1997 - 1998 than in 1998-99, thit trend was not observed in the other plots.

The litter stocks on the forest floor were by fighést in SEC and lowest in FLO (< 50 %:;). The
stocks in POA and POC were intermediate between BDSEC and did not difer significantly
from each other (Fig. 5). Litter stocks did nofetifsignificantly between the two years, but in
FLO, the monthly litter stocks were somewhat highethe first twelve months (1997-98). In
SEC the contrary was observed. Obviously thereoismmediate effect oEl Nifio on litter
stocks, which s not surprising because the staokategratng a much longer period.

Inter-annual and seasonal fluctuations of abundance

Despite the harsh weather conditons during tBé Nifio” months, our data show that the
Iitter and sol macrofauna did not respond withexrdase in densities, as could be expected.
At all stes the total macrofauna showed in anr-atewal comparison significantly higher
densities during théel Nifio situation (samplng July 97 to March 98) than rdurthe normal
and La Nifia situations (samping June 98 to March 99). Spdeliplopods, isopods,
pseudoscorpions and Diplura particulrly had highensiies in samples durifgl Nifio at

al sites, whereas Diptera larvae for example shotiie contrary n all four and chiopods



Fig. 4. Mean weekly litterfall in the four plots (dry vgét in g/0.25 m?).

Fig. 5. Litter weght (litter stock) in the soil core spis in the four plots (dry weight in
0/0,364 m?), values are means of 20 (FLO, SECPdPDA, POC) samples.



and beetles in at kast one of the pbts (Fig.Cdmparison of theéel Nifio dry season
1997 with the following normal dry season 1998 &dsethat total macrofauna had
significantly higher indivdual numbers in all @ot We assume that most taxa
responded positively to rainfall deficits, resgitnn higher densites durhg the dry
season of 1997, than in the (folowing) normal dsason. Spiders, pseudoscorpions
and Diplura obviously did better durng low raihfpériods than during a surplus of
preciptation under La Nifia influence. Interesting are diferences between the
different plots. In FLO and SEC, several groupsv@la of beetles, diplopods, Diptera
lrvae, and chiopods) were less abundant duriy,®hereas in POA and POC

only Diptera larvae were less numerous in 1997.

When comparing the abundances sampled during tiee wet seasons, diferences
were not so large (Fg. 3). The whole macrofaunas wi@ore abundant in the wet
season undeiEl Nifio influence in 1997/98 and most groups showed signif
differences, e.g., higher densites in & Nifio wet season, but only for diplopods
and sopods this was true for all plots. Spidesspads and dplura had significantly
higher densites in three of the four plots. Whha tifferences in densites between
the samples from dry and wet seasons were compaoedear tendency could be
detected.

Seasonal variation of vertical distribution

The selected macrofauna groups reacted to raifitaffuations (to seasons) by
migrating between the liter and the soil layer. e dry season of 1997 more
ndividuals of most taxa were extracted from thel $mction of the samples
(sallliter ratios: >1.0). Ratios were very highSf for the predatory taxa in the
primary forest and in one of the plantations (PO#g two plots wih lower [tter
guantty (Martiuset al 2004b). In the secondary forest, where the libger was
distinctly higher throughout the study period, @gda portion of most macroarthropod
taxa was extracted from the liter and soillitteties were closer to 1 (Fig. 3). During
the rainy season 1997/98 the portion of the famteaated from the Itter fraction had
ncreased in nearly al taxa and plots. Arthropaisiously had moved from the
upper soil layer to the moist ltter, where most tbém fed on organic matter or
predated upon the decomposers. Principaly the saattern was observed n
1998/1999, but the differences between the dry @my season seem to be more



accentuated in the rainy season 1997/98 than i®/HOwih the exception of the
POA plot. The differences between the years refeetmore accentuated dry period
under the influence ofEl Nifio. The predatory groups especially chiopods,
pseudoscorpions and diplura and the isopods reasttedgly to the rainfal deficits
by downward migration. In the rany season infleshdy La Nifia, the densties of

most groups were higher in the ltter layer intieta to the preceeding rainy season.

Discussion

Litter quantity was an important factor determinimgundance of itter fauna, but the
associaton was different for different plots amfuénced by the temporal variation
of rainfal. Clumped distribution, especially of c& nsects and population size and
growth factors (intrinsic ones like seasonal regrtioh and extrinsic ones like

predation and competition) certanly interferred, wel as other abictic variables like

microclimate, liter qualty and litter moisture, hieh beside influencing the Iftter

quantty also can have direct effects on the smihd. The diferences in the strength
of the ltter - abundance association between fwedaand decomposer fauna showed
that ktter quantty (acting through its volume) am important (and sometimes imied)
space resource factor for litter inhabiting pregatarthropods, but is probably never

imited as a food resource for the primary decomggs

Total ltter weight might also not be the bestdathr of liter quantty; sometimes
rge wood pieces in the samples ncreased thehiveithout representing space nor
food resources. The abundance of the soil faunaflienced by many other factors.
Positve correlations between litter quantity armlnglance of ltter inhabting spiders
have been found in another primary forest near Mar{&ofer unpubl.) and in other
agroforestry systems of the Embrapa station (Vdhlaand Schroth, 1999).
Experimental increase of litter resutted in highdensites of spiders and other
arthropods (Hoferet al., 1996), but it was ako shown that such experirhdtit
accumuhktions were decreased to the normal amdbrisigh rapd decompostion,
promoted by the faunal actiity.

In a widely accepted hierarchical model proposedLbyele et al, (1993) for sail
processes, cimate is the top factor which detexsnithe differentiation of the next

kevel, which is the soil type and ts nutrient emti followed by wegetation and
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resource quality, and finaly the macro- and migaoisms and ther biological
nteractions. Although climate is primarily seen adactor acting on the highest tme
and space scale, the short term cycles, seasormhevepattems and day-to-day
sequences such as rainfall and drainage and thmerexj heatng and cooling during
the day are important factors (Lavelet al, 1997). The inter-annual climatic
variations descrbed a8l Nifio andLa Nifia events, are responsible for the changing
condions for the soil fauna and lastly for theog®stems. As well as the normal
seasonal variatons, they could have drect andeaidimpacts on the macrofauna
and mesofauna taxa (and microorganisms), causipgsig alernations n functonal
groups. They alter liter fal intensty and theref ftter stocks on the ground,
nfuence the qualty and determine the forestrflowsture, which is one of the most

mportant environmental factors for the soil fauna.

However, contrary to our expectation, strong negatiffects on the abundance of the
soil macrofauna did not occur as a consequenceheofektraordinarly dry conditions
during the El Nifio prevaiing from Apri 1997 to Apri 1998. We reded inter-
annual and seasonal variatons of macrofauna atmedsas wel as vertical
movements between the liter and sol layer asorsgs to weather variaton. The
total macrofauna abundance was higher during theselnson undeEl Nifio influence

at al plots. Spiders, diplopods, Bsopods, pseadpens and diplura in particular
were more abundant in nearly al plots and in lithdry and the wet seasons under
El Nifio influence than under normal dra Nifia condtions. By contrast, diptera
krvae showed clearly lower densites during themab dry season and tHea Nifia
wet season. During the dry periods, a large pouiotthe liter dweling macrofauna
moved downwards to the upper sol layer whereas}gdmore humid periods, more
anmals inhabited the liter kyer. A comparisontied data of the two years showed
that the macrofauna groups exhibited very compleactions dependng on the
preceedng weather and site condions (lke sedsditer fal and litter stock
fluctuations), certainy originating from their g@Es compositon and the specific
ecological requrements. Some site characterisfierehces in abundances of the
taxa may be interpreted as the resuit of reactibrseveral or a few dominant species
at each study site, as a response to microclingdtc characteristics (Hofer et al,
2001, Martiuset al., 2004a). Even at the level of orders and familésligopods and
sopods Hdferet al., (2001) shows that there were some strong diffegent species
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compostion at the study sites. Species may haspomeed differenty to weather
variatons. Approximately the same number of maansh groups reacted clearly on
climatic changes, even in the primary forest pl&tL®) where microclimatic
condiions are moderate. However, the largest rdifices were measured in the
plantation plot P OA which also revealed a moreesxr (hot and dry) microclimate.

The results of the macrofauna contrasted n sorpects to those of the mesofauna.
Frankin et al. (2001) recorded lower densites nofes (orbatids and non-orbatids)
and colembolans in the same study sies duringethlifio period in 1997 than under
normal condtions in 1998, whereas the macrofawea tigher densies in the same
period. Compared to 1997, the densies of theetmreesofauna groups increased by
30% in 1998. The macrofauna and mesofauna groupsteck similarly to dry
condiions in the liter kyer by downward moverserib the sol kyer. This is
ndicated by a higher sailitter ratio of abundanan the drier than in the wetter
months. Frankin et al. (2001) registered a clpattern n the dominant mesofauna
groups (Acari Oribatida, Acari Non-Oribatida and l€wbola) with higher densities
n the soil fraction durng 1997, principally n €L, POA and POC. In 1998 and 1999,
the soilllitter ratio in 1997 was nverted due tghhdensties of the mesofauna in the

itter layer for all plots.

In the central Amazon region, the vertical distidsu and abundance of arthropods
(meso- and macrofauna) in the litter and the agiérl may depend on the prevailing
weather conditions and on the liter quantity. Aelisal, (1987ab) did register similar
high abundances in both litter and soil of a semgnderra firme forest durng the

rainy and dry season. Nether during the dry seasorduring the wet season was the
abundance of arthropods in the sol higher in mespoto the changing humidity n
organic layers, probably because of the moderateselason condiions. They did not
record strong differences in densities between Bethsons. However, Morais (1985)
also found a lower densty of arthropods during thiny season h a primary and a
secondary forest n the same region. Another dearh study on macroarthropods n
an Ecuadorian mesothermic rainforest (Siva deloPaad Blandin, 1991) showed no
dramatic changes of the vertcal distribution o thol fauna during the low ranfall
period, but the mesofauna density was bwest dihegdriest season in the litter and

soil layer.
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In a 40-month study of the sol fauna in a Panaammarnropical deciduous forest,
Levings and Windsor (1985) showed that among yehes,rank order of abundance
n seasonal comparisons was highly correlated.gfolips tended to have high or low
populations in the same year. The major arthropodpg showed three main patterns
of seasonal changes in abundances: dry seasorasiecréke in several of our
macrofauna groups; early wet season maxima (in robsthe groups studied) as
detected in some of our plots; and no fluctuationsfluctuations in dependence of

seasonal patterns.

Considering the regonal climate conditions, theute may be understandable due to
the prevaiing perhumid Af-climate (Schroder 206anagarthet al in prep.). There
are on average no arid ‘dry’ season condtions aitiyeneral long-term water stress
at least in these forests. Under those regonahatd condiions, the liter/soi
macrofauna and the mesofauna may react simiendngst(but contrary in abundance)
on seasonal as wel as on short-term weather evants in dependence on
microclimatic site characteristcs and liter anol snoisture. Obviously, the regonal
climate condtions of the study region move on g-wiet gradent, where ranfall
deficit favors, but heawy rainfalls and extremel sobisture conditons limit the
development of the sol macrofauna. That moistrlitand soi conditions prevaied n
the study sites was shown by the presence of midrodigochaeta famiies of
Naididae and Tubifcidae (ROmbke 2000), because sipexies of these familes are
considered to be confned to aquatic or to at lemshi-aquatic sites like nundation
forests (Irmler 1989). The evaluation of climatatad of the Embrapa climatic station
over 30 years showed large inter-annual differengespreciptation and a high
variabiity of monthly rainfall patterns (Hanagar#t al. in prep.). Annual ranfall
sums ranged between 1958 and 3193 mm, and durégdtp season (July to
September) perhumid conditons with high precpiti prevaied. By contrast,
similar strong situatons of droughtness, compatedthat of 1997 were rarely
recorded. These variatons may suggest a modesatagt inter-annual variation of
the populations of the soi fauna, which may beeatt as strong as or even stronger

than the seasonal variations.

These results are also of agricultural interesie §hil fauna (and microorgansms) are
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exremely important for the maintenance of the igwitr cyclng processes and
consequently for the sustainabiity of ecosysteffiser occurrence depend essentially
on the litter layer, which fuffils muitiple funcihs such as provision of conducive

food and shekter requirements and consequentlyroctimatic buffer.

Acknowledgements. The study was conducted as part of the SHIFT tuoh

Human Impact on Forests and Floodplains in theicBppprogram based on a
German-Brazlian government agreement. It was ¢iadn supported by the German
Bundesministerium fir Bidung und Forschung (BMB&rant no. 339675) and the
Braziian Conselho Nacional de Desenvolvimento tfiem e Tecnologico (CNPQ).
The research instituton Embrapa Amazbna Ociderddnaus, Brazil, lbgsticaly
supported the study. Thanks are due to the prigaciers Prof. Dr. Ludwig Beck
(SMNK) and Dr. Luadr Gasparotto, Embrapa-AmazdBiaidental and to Gessiene
do Nascimento Pereira and Valdnez Montoia, whagssed the Berkese samples.

References

Adis, J. (1982). Zur Besiedung zentralamazoniscHgberschwemmungswalder
(Varzea-Gebiet) durch Carabiden (Coleopterajch. Hydrobiol 95: 3-15.

Ads, J., Moras, J.W. and Ribeiro, E.F. (1987akrial distrbution and abundance
of arthropods n the soi of a Neotropical secopdéorest durng the dry
season.Trop. Ecol.28: 174-181.

Ads, J., Moras, J.W. and Mesquita, H. (1987b).rtidal distrbution and abundance
of arthropods n the soil of a Neotropical secopdfrest during the rainy
seasonStudies Neotrop. Fauna Envirog8: 189-197.

Beck, L., Hdéfer, H., Martius, C., Garcia, M., FrimkE.and Rombke, J. (1998). Sail
fauna and litter decompositon in primary and sdaon forests and a
polyculture system in Amazonia - study design andthadology. SHIFT
Workshop (Manaus)Proceedings Ill Workshop SHIFManaus, Brazl, 15.-
19.3.1998, BMBF, Bonn: 463-469.

Changnon, S.A. (ed.) (200@! Nifio 199798 — The climate event of the century
Oxford University Press: 215 pp.

FAO/UNESCO (1991). Soihap of the world, revised legenw/orld Sol Resources
Report 60. FAO, Rome: 119 pp.

22



Fisch, G., Marengo, J.A. and Nobre, C.A. (1998). dUravséo geral sobre o clma da
Amazonia. Acta Amazoénic28(2): 101-126.

Frankin, E.N., Morais, JW. and Santos, E.M.R. {801). Density and biomass of
Acari and Colembola in primary forest, secondaegrowth and polycultures
n central Amazonia Andrias15: 141-153.

Hanagarth W. and Brande, M. (2001). Soil beet€skoptera) of a primary forest,
secondary forest and two mixed polycukure systamscentral Amazonia.
Andrias15: 155-162.

Heyer, E. (1984).Witterung und Klima 4" edition, Teubner Verlagsgeselschaft,
Leipzig: 460 pp.

Hofer, H., Martius, C. and Beck, L. (1996). Decosimn in an Amazonian ran
forest after experimental litter addiion n smplbts. Pedobiologia 40. 570
576.

Hofer, H., Martius, C., Hanagarth, W., Garcia, Mrankin, E., Rombke, J. and Beck,
L. (2000). Soil fauna and litter decomposition in primary asdcondary
forests and a mixed culture system in AmazoRial report of SHIFT project
ENV 52, BMBF,Bonn: 299 pp.

Hofer, H, Hanagarth, W., Gracia, M., Matrtius, Crafkin, E., ROmbke, J. and Beck,
L. (2001). Structure and functon of sol fauna owmties in Amazonian
anthropogenic and natural ecosystefar. J. Soil Biol 37: 229-235.

Irmler, U. (1989). Population ecology and migratioh Deros multibranchiata
(Naididae, Olgochaeta) in the central Amazonianundaton forest.
Amazonianall: 31-52.

Lavele, P., Blanchart, E., Martin, A., Spain, A.putain, F., Barois, |. and Schaefer,
R. (1993). A hierarchical model for decomposition terrestrial ecosystems:
Application to sois of the humid tropc®Biotropica 25(2): 130-150.

Lavele, P., Bignel, D., Lepage, M., Wolters, \Rpger, P., Ineson, P., Heal, O. W.
and Dhilion, S. (1997). Soi functon n a chaggirworld: the role of
nvertebrate ecosystem engineeiur. J. Soil Biol 33: 159-193.

Lavele, P., Dangerfied, M., Fragoso, C., Eschemer, V., Lépez-Hemandez, D.,
Pashanasi, B. and Brussaard, L. (1994). The rdaip between sol
macrofauna and tropical soi fertity. In: WoomeP, L. and Swift, M. J.
(eds.), The Biological Management of Tropical SAIBBF, pp. 137-169.

Lavele, P. and Fragoso, C. (200Bpil macrofauna: an endangered resource in a

23



changing world Report of an International Workshop held at Bo(Esance)
19-23 June 2000nvww.bondy.ird.fr/lest/iboy pdf-file 44 pp.

Levings, S.C. and Windsor, D.M. (1985). Litter eoffod populations in a tropical
decidous forest: Rehtionships between years atidopod groups.J. Anim.
Ecol.54: 61-69.

Lieberei R. and Gasparotto L (1998). Agroecoldgipeofile of plnts used as
production factors and as management componentsropical polycukure
systems.Proceedings of the Third SHIFT Workshdyanaus, March 15-19,
1998. BMBF, Bonn. 307-312.

Luxton, M. and Petersen, H. (1982). Survey of thennanmal taxa of the detritus
food web.Oik 0s39(3): 293-294.

Martus, C., Garcia, M., Hofer, H. and Hanagarth, {#000). Report: Microclimate
1997- 1999. In: Hdéfer, H., Martius, C., Hanagaii,, Garcia, M., Franklin,

E., Rbmbke, J., Beck, LSoil fauna and litter decomposition in primary and
secondary forests and a mixed culture system inzAma.Final report of
SHIFT proect ENV 52, BMBF, Bonn: 18-31.

Martus, C., Héfer, H., Garcia, M.V.B., Rombke, dnd Hanagarth, W. (2004a).
Miroclmate hn agroforestry systems in central Aom@a: does canopy
closure matter to soil organismg®roforestry Systenisl4.

Martus, C., Garcia, M.V.B., Hdfer, H., Rémbke,ahd Hanagarth W. (2004b). Litter
fal, liter stocks and decomposition rates in & rfarest and agroforestry sites
n central AmazoniaNutient cycling in Agroecosyster®8: 137-154.

Morais, J.W. (1985): Abundancia e distribuicdo izaltde arthropoda do solo numa
floresta primaria ndo nhundada. M.Sc. Thesis, INPA/ Manaus, Brazil: 92
Pp.

Ribeiro, M.N..G. and Adis, J. (1984). Local rainferiabiity — a potential bias for
bioecological studies in the central Amazaékcta Amazobnical4(1-2): 159
174.

Roémbke, J. (2000). Microdrili (Enchytraeidae, Ndadi and Tubificidae). In:

Hdofer, H., Martius, C., Hanagarth, W., Garcia, Mrankin, E., Rémbke,
J., Beck, L. (2000)Soil fauna and litter decomposition in primary and
secondary forests and a mixed culture system inzama Final report of
SHIFT proect ENV 52, BMBF, Bonn: 164-179.

Rombke, J., Meller, M. and Garcia, M.V.B. (1999artBworm densities in central

24



Amazonian primary and secondary forests and a uytoye forestry
plantation. -Pedobiologia43: 518-522.

Schroder, P. (2000Die Klimate der Wekl.Enke, Stuttgart: 159 pp.

Siva del Pozo, X. and Blandin, P. (1991). Les Madhropodes édaphiques d'une
foret mésothermique primare de [Equateur occalent Abondances
saisonniéeres et distribution spatialRev. Ecol. Bio. SoP8 (4): 421-433.

Trenberth, K.E. (1997). The Defintion d&l Nifio. Bull. Amer. Met. Sagc 78(12):
2771-2777; updated through 1999 vatvw.cgd.ucar.edu/cas/papersiclivar97/

Verhaagh, M., Garcia, M. and Martus, C. (2001).t Aauna in central Amazonian

polculture systems and forests - systematic cotigpps number, and
biomass. — Proceedings German-Brazilian Workshop on Neotropica

EcosystemsHamburg 2000.
Vohland, K. and Schroth, G. (1999). Distributionttpans of the ftter macrofauna n

agroforestry and monoculture plantations in cenikahazonia as affected by
plant species and managemeAppl. Soil Eco.l13: 57-68.

25



