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Abstract. We comparcd carthworm populations (density, biomass and specics richncss) in five
Eucalyptus plantations at Embrapa Forcstry in Colombo, Parana state, southcrn Brazil: a 28 yr old
Eucalyplus benthamii (EB) on a dystrophic oxisol, a 26 yr old mixcd Eucalyptus spp. plantation
(EM) and threc plots with Eucalyptus dunnii (EDI, EDII, EDIII) 30 to 31 years, on dystrophic
cambisols. The survey was carried during the sumrner rainy season (February 20 IO and January
2012). Six spccies were found: Pontoscolex corethrurus (Müller, 1857), Amynthas gracilis (Kin-
berg, 1867), Amynthas corticis (Kinbcrg, 1867), Metaphire schmardae (Kinbcrg, 1867), Fimosco-
lex n. sp. and Glossoscolex n. sp. Earthworm populations, consisting of mainly nativc specics
(Glossoscolex and Fimoseolex) wcrc found only in EB. ln E. dunnii plantations P. corethrurus
rcprcscnted >90% of ali individuaIs collected. M. schmardae appeared in EM, EDI and EDII but
was not found in EDlII and EB. A. gracilis and A. corticis appcared in EM, EDII and EDlIl. Prev-
alcnce ofthese exotic/peregrine earthworms was probably due to prior agricultural use ofthe area.
As obscrvcd in other locations, Eucalyptus plantations tended to benefit P. corethrurus and exotic
species while native spccies wcrc less frcqucnt.

Key words. Forestry managemcnt, Euca/yptus benthamii, Eucalyptus dunnii, terrcstrial oligo-
chactcs, biodivcrsity, soil quality.

Introduction
Forest plantations play an important role in Brazil's economic development : in 2010, the
area occupied by plantations of exotic Eucalyptus and Pinus spp. in Brazil totaled 6.5 million
ha, with 73% of the area corresponding to Eucalyptus species. Between 2005 and 2010, the
area planted with these species increased 23% (ABRAF 2011), mainly to feed the demands
for pulpwood and, above ali, energy. However, few economically important Eucalyptus
species are adapted to the colder, sub-tropical climate (Cfb, Koppen) in Southem Brazil
(PALUDZYSZYNFILHOet a!. 2006). Among these are E. benthamii and E. dunnii.

lt is known that forestry plantations influence (result in changes in) soil fertility and biodi-
versity, causing a loss of native endemic species as well as the emergence and dominance of
a few, generally invasive or exotic species (DECAENSet a!., 2006, GONZÁLEZet a!. 2006).
Furthermore, planting and harvesting generally involves major soil disturbance, which can
also negatively affect soil fauna (SAUTTER200 l). However, most forestry companies are
gradually replacing intensive tillage with minimum soil preparation, to reduce nutrient and
organic matter losses (QUADROSet a!. 2002). These techniques can benefit soil fauna, which
in tum can provi de important ecosystem services (BLOUINet a!. 2013). Nevertheless, only
few studies have evaluated soil fauna in Eucalyptus plantations in Brazil and worldwide, and
even in fewer studies the collected earthworms have been identified (DANGERFIELD1990,
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SOARES& COSTA 2001, WARREN & Zou 2002, MBOUKOU-KIMBATSA et aI. 1998,2007). For
instanee, SOARES & COSTA (2001) found main1y soil inseets (and a few earthwonns) in one
Euealyptus plantation, and a predominanee of lumbrieid earthworms in one Pinus plantation
in the region ofSanta Maria -RS.

Earthwonns are good indieators of environmental disturbanee due to their high sensitivity
to a wide range of soi1 and environmenta1 properties and to management adopted by humans
(PAOLETTI 1999). At Embrapa Forestry, many experimental tree p1antations have been estab-
lished sinee 1978, including native and exotie tree speeies sueh as Arauearia angustifolla,
Pinus elliottii and various Euealyptus spp. In a reeent study by DA SILVA (2010) and LIMA
(2011) more abundant exotie earthwonn populations (Pontoseolex eorethrurus, Amynthas
graeilis) were found in Pinus plantations than in Arauearia plantations and native forest at
Embrapa Forestry. In the present study we evaluated earthwonn abundanee and speeies
riehness in various Euealyptus speeies plantations at Embrapa Forestry, and their possible
relationships with soil physieal-ehemieal parameters. The hypothesis to be tested was that
the earthwonn eommunity in these Euealyptus plantations is eomposed of mainly exotie
earthwonn speeies, with a predominanee of P. eorethrurus.

Material and Methods
Study sites. The study was eondueted at Embrapa Forestry in Colombo eounty, Paraná State
Brazil, in the metropolitan region of Curitiba (25.19°S, 49.09°W), at an altitude of -938 m. The
regional climate is humid subtropieal (Kõppen Cfb), with most of the annual precipitation (1400-
1500 mm) in summer (Dee.-Mareh), and August being the driest month (71 mm). Mean monthly
temperatures range from a maximum of 16.7°C in February to 8.4°C in July.

Five Euealyptus stands were seleeted:
Stand I. E. benthamii (EB) plantation, oeeupying an are a of 0.67 ha. Average tree spaeing
was 5 x 3 m. The trees were -41 m tall and 45 em in diameter at breast height (DBR). The
plantation was established in 1984 from seedlings planted in 3 x 3 m spaeing.
Stands 2-4. Three plantations of E. dunnii (ED), the first covering an area of 1.59 ha (EDI),
the seeond 0.34 ha (EDIJ) and the third 0.18 ha (EDTIl). Average tree spaeing at the sam-
pling points was 6 x 6 m (EDT), 5 x 5 m (EDIJ) and 3 x 2 m (EDIlI). The trees were 43, 45
and 31 m tall and 59, 45 and 29 em DBR, respeetively, in EDT, EDlI and EDTlI. These plan-
tations were established in 1981-1982 from seedlings planted in 2 x 2 (EDT), 3 x 3 (EDIJ)
and 3 x 2 m spaeing (EDIII).
Stand 5. Mixed Euealyptus (E. dunnii+E. grandis+E. benthamii) plantation (EM) covering
an area of 0.82 ha, and with tree spacing of 3 x 3 m. The trees were 32 m tall and had DBR
of 35 em. The plantation was established in 1986 with 3 x 3 m seedling spacing.

The differenee between the tree density in the eurrent plantations and the density of planted
seedlings in some stands is the result of thinning. The grassy vegetation in the understory has
been mowed approximately 3-4 times per year. In the past (up to 1978), the eurrently forested
areas had been used for annual eropping of wheat, rice and potatoes in a eonventional system.
Therefore, the soil had been tilled, fertilized and limed to eorreet pR in the past (>30 yrs ago).
The areas with steeper slopes had suffered from severe erosion. Beginning in 1978 with the estab-
lishment of Embrapa Forestry several plots of Pinus, Euealyptus and Arauearia were installed on
station for genetie improvement of these tree speeies for forestry practiees in Brazil.

Samples of earthworrns were eolleeted in the five plantations during the rainy season in 20 IO
(February) and 2012 (January). Soils in the plantations were elassified aeeording to the Brazilian
national soil elassifieation system (EMBRAPA2009) as: dystrophie brown latosol (oxisol) in EB,



Table I. Selected properties of the soils in the Eucalyptus spp. plantations at Embrapa Forestry, Colombo, Paraná, Brazil
(mean of five replicates). *LBd= dystrophic brown Latosol; CHd= dystrophic humic Cambisol; CXvd= dystrophic haplic
Cambisol.

Soil pH K Ca Mg AI H+AI Organ- P Coarse Fine Clay Silt Texture
type* CaCh icC sand sand

- - - - - - - - - Cmol, dm"- - - - - - - - - - mg dm' - -------%----------
E. benthamii LBd 4.46 0.11 1.3 0.64 0.84 10.18 31.5 2.04 19.7 31.3 44.8 4.2 Clay
Mixcd Eucalyptus CXvd 4.42 0.05 1.14 0.84 0.92 11.30 31.2 1.66 21.9 31.5 41.2 5.5 Clay
E. dunnii I CHd 4.04 0.072 0.44 0.34 2.24 15.66 33.8 3.36 24.3 26.5 38.8 10.5 Clay
E. dunnii I[ CHd 4.22 0.056 0.94 0.68 1.2 11.45 30.7 1.48 22.7 27.7 44.0 5.5 Clay
E. dunnii III CHd 4.32 0.058 0.8 0.54 0.96 11.22 29.2 1.60 21.3 36.5 34.8 7.5 Clay
E. dunnii (rncan) CHd 4.19 0.062 0.72 0.52 1.47 12.78 31.2 2.14 22.8 30.2 39.2 7.8 Clay

0\

Table 2. Earthworm density (mean no. indiv. m-2 ± standard error), species richness and no. species monolith' collected in
20 10 and 2012 in Eucalyptus plantations at Embrapa Forestry, Colombo, Brazil. *EB= E. benthamii; ED= E. dunnii; EM=
Mixed E. dunnii + E. grandis + E. benthamii. Different letters in each plantation (EB, EM or ED mean) represent significant
differences in Pontoscolex or total earthworm densities using ANOVA or Kruskal-Wallis, at P<0.05.

Native species Exotic species No.

Glosso- Fimosco/ex P. Pontoscolex A. A. M
Total No. species

scolex n. sp. corethrurus
Cocoons

total gracilis corticis schmardae
density species sarnple'

n. sp. I

:>
Fcb.2010 o..

<
EB 15±15 O 4±4b I±I 5±5b O O O 20±20b 2 OA O>

:>
EM O 3±3 125±IOab 19±106 151±43ab O O I±I 155±IOlab 3 1.2 o

EDI O O 339±146 25±13 364± 158 5±4 O I±I 370±161 3 1.2 &l

EDIl O O 404±58 21±14 425±51 O O 3±3 428±51 2 1.2 s
t'Tl

EDIIl O O 44±25 53±46 96±68 O O O 96±68 I 0.6 O>::.
_~P_~!'~~~)m. O O 262±112a 33±28 295±116a 2±2 O 1±2 298±118a 2 1.0 :r................................................ ~Jan.2012 o

EB O 5±4 5±2 O 5±2 O O O 10±3b 2 l-O 3
EM O O 39±37 O 39±37 I±I I±I O 41±37ab 3 0.8 ....,

O>
EDI O O 228±92 24±12 251±95 O O O 252±95 I 0.8 ><o
EDIl O O 173±56 9±5 181±59 O I±I O 183±59 2 1.2 :>o
EDIIl O O 21±11 24±10 45±18 3±3 I±I O 49±21 3 1.2 3
ED (mean) O O \4\±7\ \9±9 I59±73 \±I I±I O 161±72a 2 1.1 '<s



Table 3. Mean biomass (g m-2 ± standard error) ofthe earthworrn species collected in 2010 and 2012 in Euca/yptus plantations
at Embrapa Forestry, Colombo, Brazil. *For meaning of abbreviations please refer to Table 2. Different letters in each planta-
tion (EB, EM or ED mean) represent significant diffcrences in Pontoscolex or total earthworrn biomass using ANOV A or
Kruskal-Wallis, at P<O.05.

Glossoscolex Fimoscolex Ponloscolex Cocoons Pontoscolex
A. gracilis A. corticis M. schmardae Totaln. sp. n. sp. corethrurus total

Fcbruary 2010
EB 1.7±1.7 O OA4±OA4b O.O6±O.O6 OA4±OA4b O O O 2.2±2.2b
EM O O.O6±O.O6 40.9±32.7ab O.6±O.5 41.8±32.6.b O O IA±IA 43A±32Aab
ED I O O 79.6±33.3 1.2±O.6 81.1±34.2 I.I±O.69 O O.6±O.6 82.7±35
ED 1i O O I06±29.4 O.69±O.44 I09±26.6 O O 1.1±1.1 IIO±29.2
ED 111 O O 18±IO 2.2±1.9 20.3±11.8 O O O 20.3±11.8
!o.1?,(I.'.'.e.~~).....................................º___ O'...............................§ª':JO" 1.4±1.06 70.4±30Aa 0.3 I±0.44 O O.5±O.69 71.4±30.8a.. " ..•....................... __ ._..... .....................
January 2012
EB O 0.O6±O.06 O.19±0.19b O O.19±0.19b O O O 21.6±21.3b
EM O O 11.8±11.7ab O 11.8±11.6 O.44±O.44 1,3±I,3 O 13.4±ll.3ab
EDI O O 5.2±18.6 1.8±O.8 52.6±19.5 O O O 52.6±19.5
ED 11 O O 41.1±14.3 O.6±O.5 42.9±15.1 O O,9±O,9 O 43.8±14.6
ED 111 O O 4.3±2.7 I±OA 5.8±2.8 O.19±O.19 1,9±I,9 O 8.6±3.4.
ED (mean) O O 31.8± 15.6. 1.I±O.6 33.8±16.2 O.O6±0.O6 O,9±I,1 O 34.9± 15.8.

º~.
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dystrophie humie eambisol in ali three E. dunnii plots and dystrophie haplie eambisol in the
mixed plantation (Table I). Ali soils were elayey, had relatively high organie C eontents, highly
aeid pH, low P and K+ eontents and base saturation. No signifieant differenees were detected
between soil samples representing the three plantations (EM, EB, ED mean; Table I).

In each plantation, five 40 x 40 x 20 em deep monoliths were dug at least 20 m apart. The sam-
pIes were taken in a zigzag design in EDU, EDIII and EM plantations, and in an X-shape design
in EDI and EB. Sampling was done always ::::10 m from the edge of the plantations to reduce
border effeets. Prior to digging up the soi!, the litter in the 40 x 40 em area was handsorted for
earthworms. Ali earthworms present in the top 20 em of the soil were removed and preserved in
4% formalin. In the laboratory worms were identified to genus or species leveI, quantified and
weighed.

Soil samples from each monolith were removed, air-dried, ground and analysed following
standard EMBRAPA(1997) procedures for chemical parameters (pH and concentration of C, P, K+,
Ca2+, Mg2+, Na +, H+AI) and evaluation of texture. These parameters were then used to calculate
Pearson's eorrelation eoefficients with biomass and density of ali earthworms and of each species
eolleeted in the samples, using Statistica v.7 software (STATSOFT2004). Mean abundance values
were compared between plantations by using ANOV A eonsidering unequal number of samples
for the three systems (n = 5 for EM and EB and n = 15 in total for E. dunnii) and/or nonparamet-
ric Kruskal-Wallis tests (when the data eould not be normalized and/or when variances were not
homogeneous), using Statistiea v.7. Values for the three E. dunnii plantations were combined
since there were no differences between the soil parameters in these plantations (Table I). The Ho
hypothesis expecting no differenees between eompared parameters was regarded as rejected if
P<0.05. The density and biomass of eaeh earthworm speeies, along with soil physieal and chemi-
cal properties were subjected to principIe component analysis (PCA) to assess relationships be-
tween communities and species recorded in the different plantations by using CANOCO v. 4.5
(TER BRAAK& SMILAUER2002). Soil parameters with colinearity and "inflation faetors" greater
than 20 were exeluded from the analysis. Hence, exchangeable A13+ and Ca2+ were eliminated
using "forward seleetion" due to their eolinearity with other variables.

Results
Earthworm density, biomass and species richness. On the first sampling (February 2010),
855 individuais were eollected, of which 342 were from EDIl, 296 from EDI, 124 from EM,
77 from EDIII and 16 from EB. Five species were identified: Pontoscolex corethrurus (Mül-
ler, 1857), Amynthas gracilis (Kinberg, 1867), Metaphire schmardae (Kinberg, 1867),
Fimoscolex n. sp. and Glossoscolex n. sp. (Table 2). The latter two are new native speeies,
whose deseription has been prepared and will be submitted for publieation elsewhere (A.
FEIJOO & G. G. BROWN unpublished data).

Total earthworm density (Table 2) was higher in ED plantations (mean 298 indiv. m"), in-
termediate in the mixed (155 indiv. m"), and lowest in EB (20 indiv. m"), with signifieant
differenees between the plantations of ED and EB. Total biomass of earthworms ranged
from 2.2 (EB) to 110 g.m" (EDII; Table 3) and again differed between ED and EB. The
same was also observed for P. corethrurus biomass, that represented 96-100% of the total
biomass in ED and EM; only in EB was the biomass of this species lower (20% of total),
with dominance of Glossoscolex sp. (Table 3). Ali cocoons found were of P. corethurus, and
their density ranged from 25-53 m·2 in ED plantations, 19 m-2 in EM and only 1.3 m-2 in EB
(Table 2). Mos! individuais were found at 0-10 em depth: 94% in EM, 63% in EB, and 73-
92% in ED.
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Table 4. Pearson correlation coefficients (R2 values) and their significance (p values) resulting
from linear regressions between selected chemical and physical soil properties and P. corethrurus
abundance in Eucalyptus plantations at Embrapa Forestry. Levels of significance: *p<0.05;
**p<O.OI; ***p<O.OOI.

Fine sand Coarse sand AI P pH

1st sampling (Feb. 2010)
Density -0.33*** 0.43*** ns ns ns
Biomass -0.23** 0.45*** ns ns ns
Total density (with cocoons) -0.26** 0.39*** ns ns ns
Total biomass (with cocoons) -0.22** 0.44*** ns ns ns

2nd sampling (Jan. 2012)
Density -0.27** 0.25** 0.13* ns -0.14*
Biomass -0.28** 0.33*** ns ns -0.14*
Total density (with cocoons) -0.25** 0.28** 0.14* 0.12* -0.16*
Total biomass (with cocoons) -0.27** 0.34*** 0.12* Ns -0.14*

On the second sample date (January 2012), 536 individuais were collected: 252 in EDI,
183 in EDIl, 49 in EDIll, 41 in EM and 10 EB. Four species were identified: P. corethrurus,
A. graci/is, A. corticis and Fimosco/ex n. sp., the latter species being found only in EB.

Total density (Table 2) was again greater in ED (mean 161 indiv. rn"), intermediate in EM
(41 indiv. m") and significantly lower in EB (10 indiv. m"), Total biomass ranged from 21.6
(EB) to 52.6 g m·2 (EDI) (Table 3), being significantly lower in EB than in ED (mean) plan-
tations. P. corethrurus biomass (+ cocoons) was also significantly higher in ED than EB. As
observed in the first sampling date, most worms collected in Jan. 2012 were at 0-10 em
depth: 97% of the total in EM, 75% in EB and 65-75% in ED. Cocoons were ali of P. core-
thurus and only found in ED plantations (8-24 m-2

; Table 2).
Species richness (Table 2) was low in ali plantations, ranging from I to 3 species at most

per site. Species richness per sample was also very low, ranging from 0.4 to 1.2, but no
significant differences were observed between the plantations (Table 2). Exotic species dom-
inated in almost ali plots, while native species were present only in EB and EM. M.
schmardae was found only on the first sampling in EM, EDI and EDII, while A. corticis was
found only on the second sampling in EM, EDU and EDIII (in litter and soil). A. gracilis was
found on both sample dates, but only in EDI and EDII!. P. corethrurus was the most abun-
dant species, reaching densities >300 indiv. rn" (Table 2) and biomass >80 g m·2 in February
20 IO (Table 3). This species represented >95% of ali individuaIs collected on the first date in
ali plantations except EB, where only ~4 indiv. m-2 were found and where Glossoscolex n.
sp. predominated. In 2012, P. corethrurus again predominated, representing >97% of ali
worms collected, except in EB, where earthworm abundance was very low and it represented
only 50% ofthe collected individuaIs.

Soil and earthworm relationships. Due to the low abundance of other species, relationship
between various soil parameters and earthworm populations were only evaluated for P.
corethrurus. Regressions between fine and coarse sand contents and the density and biomass
of P. corethrurus were highly significant (Table 4). Abundance decreased with higher fine
sand contents and increased with higher coarse sand contents. On the first sampling date



120 Advances in Earthworm Taxonomy VI

AXIs2 (25%)

"':
o
I Silt

Gioseoec

K

Clay
Fimosco/ NospMo

Tola/N°

.a~ \.

Finesand \

H+AI

Pomos

Cocoons

Amynlhas

-0.6

Axis 1

(47.1%)

1.0

Fig. I. Principal component analysis (PCA) showing Axcs I and 2 (and % cxplained variancc), using data on
carthworm spccics abundancc in Fcb. 20 IO (first sampling) and soil chcmical and physical parameters as
cxplanatory cnvironmcntal variablcs. Pontos = P. corethrurus; No.sp. Mo = number spccics monolith';
Metaphir = Metaphire schmardae; Fimosc = Fimoscolex n. sp.; Glossosc = Glossoscolex n. sp.; Amynthas =
A_ gracilis; Total N = Total Abundancc.

there were no significant relationships between soil chemical parameters and the abundance
of P. corethrurus. However, on the second sampling date, significant correlations were
found between P. corethrurus abundance and soil AI and P (positive) and pH (negative)
although R2 values were much lower than for coarse and fine sand contents (Table 4).

The Principal Component Analysis (PCA) using data from the first sampling (Fig. I) again
revealed positive relationships between exotic earthworms (A. gracilis, M. schmardae and P.
corethrurus) and total earthworm abundance and richness (No. species monolith') with
coarse sand, exchangeable acidity (H+Al) and available P, and the negative relationships of
these parameters with fine sand and pH. These parameters were closely related to the X-axis
that accounted for 47% of total variance. Axis 2 explained 25% of total variance and was
highly correlated with native earthwonn populations (Glossoscolex and Fimoscole.x sp.), and
associated with higher soil pH, K, Mg and clay contents. Environmental (soil) parameters
explained 46% of the total variability.

The Principal Component Analysis using data from the second sampling date (Fig. 2), con-
finns the positive relationships between soil P and coarse sand and P. corethrurus and total
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Fig. 2. Principal componcnt analysis (peA) showing Axcs I and 2 (and % cxplained variancc), using data on
earthworm spccics abundance in Jan. 2012 (second sampling) and soil chcmical and physical paramctcrs as
explanatory environmcntal variablcs. Pontos = P. corethrurus; No.sp. Mo = number spccies rnonolith";
Fimosc = Fimoscolex n. sp.; A. graci = A. gracilis; A. corti = A. corticis; Total N = Total abundancc.
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earthwonn abundance and the negative relationship of these parameters with fine sand and
pH. Total variance explained by the analysis was 93.7% in four axes, of which 77.4% was
explained by the first two axes (51.6% axis 1 and 25.8% on axis 2, respectively). Axis 2 was
related to native earthwonns (Fimoseolex n. sp.), but also to both Amynthas spp. Native
worm abundance was positively related to higher fine sand, clay and soil pH contents. Envi-
ronmental (soi!) parameters explained 53% oftotal variance.

Discussion and Conclusions
The initial hypothesis that P. eorethrurus would be dominant in Euealyptus plantations was
confirmed for EM and ED, but not for EB, where native species of Fimoseolex and Glos-
soseolex predominated, although in low numbers and biomass. These new species were also
found in Pinus and Arauearia plantations and native forests nearby (LIMA 2011). lnteresting-
ly, different earthworm communities occurred in EB and ED despite the absence of
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TabIe 5. Sites where earthworm populations have been studied in different Eucalyptus plantations
throughout the world (from various sources). 'Values in parentheses refer to the estimated propor-
tion of each species encountered. Density in No. indiv. m·2• Biomass in g m-2•

Location/
Countrv

References

E. camaldulensis
E. microtheca
E. grandis

108-459 DASH&
SENAPATI (1991)

Euca/yptus
pIantation

Density Biomass Earthworm
species found'

Bargagh,
India

Euca/yptus sp.

Dezful,
Iran
Eshowc,
South Africa

15
57

-570

Pointe Noire, Euca/yptus sp.
Congo

Euca/yplus spp.

Loudima, Euca/yptus sp.
Congo

30

O-58

293

Marondera, E. grandis 7

E. saligna 91
I

E. saligna (75%) 276
+ Paraserianthes 5
Ia/cataria (25%)
E. grandis 12-398
E. 154
E. saligna -68-95

2-14
E. grandis 166

E. robusta 0-196

Euca/yptus sp. 0-733

Hakalau,
Hawaii

Santa Maria, Euca/yptus sp.
Brazil

16

São Mateus Euca/yptus sp.
do Sul, Brazil

0-2

Rolândia, Euca/yptus sp.
Brazil

12

nd Lenogaster sp.
(92%), Lampito
mauritii
nd SA YAD et a!.

......................................Q91?2. _
P. corethrurus DLAMINI &
(38%), Amynthas HAYNES (2004)
rodericencis
(52%), A.
minimus,
Dichogoster
saliens...................................................................................................................................................................... -

nd P. corethrurus MBOUKOU-
KlMBA TSA ct a!.
(2007)

0-10.5 nd MBOUKOU-
KlMBA TSA et a!.

..............................................................................(12?~2. __
74.5 nd MBOUKOU-

KIMBA TSA ct a!.

...........................................(12?ª1 __
0.4 nd DANGERFIELD

.....................................................................(1??92
nd P. corethrurus ZOU (1993)
nd A. gracilis
nd P. corethrurus
nd A. gracilis

1.3
10.4

-820
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significant differences between soil physical and chemical parameters of the soils in these
plantations. The main soil type is different in EB (latossol) and ED/EM (cambissol), but it is
possible that some other soil/environmental factor may be responsible for the different worm
communities ofthese plantations. For instance soil compaction, pH, P, C, Mg and N contents
are important for the presence and growth of this species (LA VELLEet al. 1987, MARICHAL et
al. 2010, 2011, 2012), but some ofthese factors were not measured in the present study. It is
known that P. corethrurus has a general preference for soils with higher organic matter
(particularly N) and silt contents and pH (MARICHAL et al. 20 IO). However, significant rela-
tionships were only found between soil textura I characteristics, P, AI and pH and the abun-
dance of P. eorethrurus. Furthermore, contrary to MARICHAL et al. (2010), relationships with
pH were negative, although the variation in pH values in the present study was very low, and
the correlation coefficients were also low.

P. eorethrurus is a parthenogenetic invasive species widely distributed throughout tropical
regions of Latin America (BROW & FRAGOSO 2007) and worldwide (GATES 1973). More
than 150 years ago, when it was described from specimens collected in southem Brazil,
MÜLLER (1857) had already reported this species as one of the commonest earthworms in the
region, particularly in areas disturbed by humans. In Brazil, it is one of the best known spe-
cies (BROWN & JAMES 2007), and although native to the Guyanan Plateau region (RIGHI
1984), should be considered an exotic species in S and SE Brazil (BROWN et al. 2006). The
species is adapted to disturbed soils and withstands a wide range in factors such as tempera-
ture, precipitation pH, organic matter, N, P and CEC, among others (LAVELLE et al. 1987,
KNAPPER & PORTO 1979, MARICHAL et al. 20 IO). The present study confirms previous ob-
servations of the dominance of P. corethrurus in forest plantations (Arauearia and Pinus),
which is probably related to the former agricultural land use and management of these areas
at Embrapa Forestry (DA SILVA 2010, LIMA 2011). It is likely that this is also responsible for
the widespread occurrence and frequent dominance of P. eorethrurus and other exotic
earthworm species in Euea/yptus plantations throughout the world (Table 5). P. corethrurus
was reported from eight of the eleven plantations where species were identified. Its abun-
dance reached 398 individuais m-2 and 136 g. rn" in Hawaii (Zou & BASHKI 1998), values
similar to those found in EDI and EDU plantations in the present study.

The present study is the first known paper quantifying and identifying earthworm popula-
tions in E. dunnii, E. benthamii and mixed Euea/yptus plantations, and is the only one that
identified the worms collected to species levei in Brazil. Abundance in ED and EM planta-
tions was comparable to those reported in other Euea/yptus spp. plantations abroad (Table
5), but abundance in EB was more comparable to values reported for other Brazilian sites
(i.e., <16 indiv. m"), and drier areas of the world (Iran, Zimbabwe). Reasons for the large
variation in abundance in Eucalyptus plantations worldwide are not known, but are likely to
be due to either soillimitations or land use history, as observed in the present study.

The presence of other exotic species such as M. schmardae, A. graeilis, A. eorticis, A. ro-
derieeneis, A. minimus and various lumbricids in Euea/yptus plantations also confirm the
anthropogenic disturbance at the present study site and in other sites of the world (Table 5).
These species have been reported from a variety of disturbed sites throughout Brazil and
Latin America (BROWN & FRAGOSO 2007), and can be considered indicators of disturbance.
Still, the high worm abundance and biomass reached in some of the plantations worldwide,
and particularly EDI and EDU in the present case, is evidence of their importance for soil
bioturbation and effects on physical, chemical and biological soil properties. P. eorethrurus
is known to affect plant growth in a generally positive manner (BROWN et al. 1999), although
very little is known of the effects of this species on perennial plants such as tree seedlings.
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Amynthas spp. wonns are also known to positively affect plant growth, including tree seed-
lings (KOBIY AMA et aI. 1994, PEIXOTO & MAROCHI 1996, BROWN et aI. 1999), but nothing is
known of their impacts on Eucalyptus sp. growth. These topics certainly merit further inves-
tigation.

Exotic Eucalyptus plantations at Embrapa Forestry and worldwide tend to have mainly ex-
otic earthworm species, composed in many cases of P. corethrurus. ln a few exceptional
cases, e.g. E. benthamii plantation on a Latossol in the present study, native species can
predominate. The high density and biomass of exotic earthwonns is likely due to the disturb-
ance history of these plantations, many times established over fonner agricultural areas.
Future studies should focus on better establishing the relationships between P. corethrurus
prevalence and various soil factors, as well as the impacts of high abundance of this species
on soil properties and tree growth.
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