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Abstract

The Winkler extraction is one of the two fundamental sampling techniques of the standardized
"Ants of the Leaf Litter" protocol, which aims to allow qualitative and quantitative comparisons
of ant (Hymenoptera: Formicidae) assemblages. To achieve this objective, it is essential that the
standard 48—hour extraction provides a reliable picture of the assemblages under study. Here, we
tested to what extent the efficiency of the ant extraction is affected by the initial moisture content
of the leaf litter sample. In an Ecuadorian mountain rainforest, the leaf litter present under
rainfall-excluded and rainfall-allowed plots was collected, its moisture content measured, and its
ant fauna extracted with a mini—-Winkler apparatus for a 48—hour and a 96-hour period. The
efficiency of the Winkler method to extract ant individuals over a 48—hour period decreased with
the moisture content of the leaf litter sample. However, doubling the extraction time did not
improve the estimations of the ant species richness, composition, and relative abundance.
Although the moisture content of the leaf litter slightly affected the ant sampling, our results
indicated that a 48—hour Winkler extraction, as recommended by the "Ants of the Leaf Litter"
protocol, is sufficient to allow reliable comparisons of ant assemblages.
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Introduction

The Winkler extraction is a rapid, simple,
cost—effective, and repeatable method to
collect ants (Hymenoptera: Formicidae) of the
leaf litter (Bestelmeyer et al. 2000; Delabie et
al. 2000). This method, along with pitfall
traps, constitute the fundamental sampling
techniques of the standardized "Ants of the
Leaf Litter" (A.L.L.) protocol (Agosti and
Alonso 2000). The latter was developed to
allow qualitative and quantitative comparisons
of ant assemblages at different localities or
over time, for use in biological evaluation and
conservation, assemblage monitoring, and
description of diversity patterns. In order to
carry out reliable comparisons, the Winkler
extraction duration should ideally be sufficient
to collect all the ants present in the sample, or
at least to provide a correct picture of the
assemblage structure. The standard Winkler
extraction of the A.L.L. protocol lasts 48
hours, but a survey of the literature shows that
a large variety of extraction durations have
been used, often without a justification (the
extraction time ranged from 0 to 10 days or
was not given; a 48—hour extraction was used
in less than 50 % of the 73 studies surveyed.
Supplementary details are provided in the
Appendix). This diversity makes inter—study
comparisons potentially challenging,
especially because a very long time is often
necessary to obtain a complete extraction of
the ant fauna (Krell et al. 2005; Sakchoowong
et al. 2007). For instance, up to 15 days were
necessary to extract all ants present in leaf
litter samples from temperate forests of
England (Krell et al. 2005). In addition,
because the Winkler method is partly based on
the passive dessication of the leaf litter
(Bestelmeyer et al. 2000; Krell et al. 2005),
the completeness of ant extraction might be
affected by the moisture content of the

Delsinne and Arias-Penna

sample, with wetter samples requiring longer
extraction times than drier ones. If it is the
case, using the Winkler method to compare
the ant assemblage structure among seasons,
between moist and dry habitats, or even
before and after a rain might be irrelevant. In
this study, the leaf litter moisture of a
mountain rainforest was experimentally
manipulated to test the following hypotheses.
First, the completeness of a 48—hour Winkler
extraction, as recommended by the A.L.L.
protocol, is not affected by the initial moisture
content of the leaf litter sample. This result
would be obtained if the ant extraction relies
mainly on the disturbance of the leaf litter
rather than on its passive dessication. Second,
a 48-hour extraction is sufficient to obtain a
reliable picture of the ant assemblage,
whatever the initial moisture content of the
leaf litter sample. To test this hypothesis, we
compared the composition and the species
relative abundance of the ant assemblages
after a 48-hour and a 96-hour Winkler
extraction for both dry and moist leaf litter
samples.
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Figure I. Relationship between the moisture content of the
leaf litter sample and the proportion of ant individuals added by
the second Winkler extraction. Only data from rainfall-excluded
plots were analyzed (n = 60). Data from rainfall-allowed plots
were not included because the moisture content of almost all
these samples was maximal (Table |). Both axes are arcsin
square root transformed. The bestfitting equation of the
regression analysis was: asinsqrt (Proportion of added individual)
=-0.017 + 0.311 x asinsqrt (Leaf litter moisture); adjusted r? =
0.189, p < 0.01. High quality figures are available online.
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Materials and Methods

The study was carried out at 2000 m a.s.l. at
the "Reserva Biologica San Francisco"
situated within the Eastern Cordillera of the
Ecuadorian Andes, in the province of Zamora-
Chinchipe (3° 58' S, 79° 5' W). Vegetation
corresponds to an evergreen upper montane
forest (Homeier et al. 2008). Mean annual
precipitation is 2100 mm (Bendix et al. 2008).
Mean temperature in the leaf litter during the
experiment was 16 °C (min-max: 12.7-21.5
°C). Atmospheric relative humidity at 1.5 m
above ground ranged from 91 to 95% during
sampling.

In November 2009, six 3 x 3 m plots, spaced
2 to 20 m apart, were randomly assigned to
either rainfall-excluded (» = 3) or rainfall-
allowed (n = 3) plots. Rainfall exclusion was
achieved by installing transparent plastic
sheets at 1-1.2 m above ground. At the top
side of the plot, a supplementary sheet was
buried to a depth of 30 cm to keep running
water from going inside. The three other sides
were left open to limit any greenhouse effect.
A mesh replaced the sheets at rainfall-allowed
plots to exclude falling leaves but to allow
rainfall inputs (Figure 2).

In May 2010, ants were collected using the
Winkler method (Bestelmeyer et al. 2000).
One plot of each treatment was always
sampled during a single day. Sampling was
carried out at least a day after significant
rainfall to limit the risk of arthropods
(especially small ones) sticking to the wet
litter, and thus not being effectively extracted
(Fisher 1996). The leaf litter present inside a
0.5 m? or a 0.25 m? quadrat (n = 16 and 4/plot,
respectively) was collected and sifted (Figure
3 shows details of the quadrat disposition
within each plot). The moisture content (using
a Protometer Mini moisture meter,

-
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www.romus.org), volume, and weight of the
sifted leaf litter were measured and its fauna
was extracted with a mini—-Winkler apparatus
(Fisher 1996, 1998). All the extractions
operated in the same room. After a 48—hour
extraction, the collecting container was
replaced by a new one and a second extraction
was performed over a 48—hour period. No
additional search for remaining ants was made

Figure 2. Rainfall-excluded (A, B) and rainfall—all_owed (G, D)
plots. High quality figures are available online.

4 3 2 1
7 6

8 3
10 9
13 12

14 11
16 15

20 19 18 17

Figure 3. Quadrat disposition within each plot. Each plot was a
3 x 3 m square. The disposition of the quadrats was chosen in
order to obtain a 50 cm border around a 4 m? area. The fact
that quadrats are of two different sizes (0.5 and 0.25 m?) is a
consequence of this design. High quality figures are available
online.
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after the second extraction, since such a
procedure may be highly time—consuming
(Ivanov et al. 2010). Rather, the efficiency of
the first 48—hour extraction was estimated by
calculating the proportion of individuals and
species collected after the first extraction
relative to the total number of individuals and
species present after a 96—hour extraction.

Analyses of similarity (ANOSIM) was used to
test for differences in the composition of ant
assemblages between treatments and between
the first and second Winkler extractions. The
ANOSIM test is a non—parametric
permutation procedure applied to similarity
matrices. It produces a global R-statistic,
which represents an absolute measure of
distance between groups. When the R—value is
close to 1, groups are highly distinct; whereas
when the R—value is close to 0, groups are
strongly similar (Clarke and Gorley 2006).
Abundance data were fourth—root transformed
prior to analyses to reduce the weight of
common species. Similarity matrices were
built using Bray—Curtis similarity measures.
Tests were performed with the PRIMER
v.6.1.6. software (PRIMER-E Ltd.,
www.primer-e.com). Other analyses were
carried out using the SigmatStat v.2.03
software (Systat Software Inc.,
Www.systat.com).

Our protocol was designed to answer to two
independent, although  complementary,
questions. The first one is methodological and
aims to evaluate the impact of leaf litter
moisture on the efficiency of the Winkler
method for extracting ants. The second is
ecological and is about understanding the
impact of an extended drought per se on ant
assemblages. Here, we focused on the first
question; differences between ant assemblages
from rainfall-excluded and rainfall-allowed
plots will be discussed in detail elsewhere
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(Delsinne et al. in prep.). Voucher specimens
were deposited at the Royal Belgian Institute
of Natural Sciences, Brussels, Belgium and at
the "Universidad Técnica Particular de Loja",
Loja, Ecuador.

Results and Discussion

The leaf litter samples from rainfall-excluded
plots were on average 43% drier than samples
from rainfall-allowed plots (Table 1). In total,
5649 ant specimens and 28 species were
collected (Tables 1 and 2). Doubling the
Winkler extraction time allowed the collection
of 7.8 and 23.5% of supplementary
individuals for rainfall-excluded and rainfall—-
allowed samples, respectively (Table 1;
Mann—Whitney Rank Sum Test, p < 0.01).
For samples collected under rainfall-excluded
plots (n = 60), the proportion of added
individuals increased significantly = with
increasing moisture content of the leaf litter
sample; both variables were arcsin square root
transformed prior to linear regression analysis
(p <0.01; Figure 1). Adding either the volume
or the weight (both log)o transformed) of the
leaf litter into the model did not significantly
improve the ability of the equation to predict
the proportion of added individuals (arcsin
square root transformed) (stepwise
regression). Interestingly, when the three very
wet samples (moisture content = 100 %;
asinsqrt (100) = 1.57; Figure 1) were excluded
from the analysis, the significance of the trend
disappeared; the bestfitting equation of the
regression  analysis  became:  asinsqrt
(Proportion of added individual) = 0.0316 +
0.248 x asinsqrt (Leaf litter moisture);
adjusted 1 = 0.042, p = 0.068). These results
indicated that the moisture content of the leaf
litter sample significantly affected the
efficiency of the Winkler method to extract
ant individuals, at least when the moisture
content was very high. The wetter the leaf
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litter, the longer the extraction should ideally
last in order to collect all the specimens
present within the sample. More data are
needed to accurately estimate (1) the moisture
content, above which it would be useful to
extend the Winkler extraction, and (2) the
duration of the extraction necessary to achieve
similar extraction efficiencies.

Fortunately, the standard 48-hour extraction
was sufficient to provide a reliable estimation
of the composition and species richness of the
ant assemblage, even when based on very wet
samples. Indeed, there were no significant
differences in the composition of the ant
assemblage between Winkler extraction times
(R = -0.333; p = 1 for both treatments;
anosim tests). Moreover, the proportion of
species added was not significantly different
between samples from the two treatments
(Table 1; Mann—Whitney Rank Sum Test, p =
0.395). Only three and eight samples,
containing between one and six species after
the first extraction, had one supplementary
species documented after the second
extraction for rainfall-excluded (» = 60) and
rainfall-allowed plots (n = 60), respectively.
At the treatment level, all the species collected
after a 96-hour extraction were already
documented after the first 48—hour extraction.
Because ants are social insects, it is generally
recommended to work with occurrence rather
than abundance data (Longino 2000). Our
results suggested this also limits biases caused
by the leaf litter moisture.

The ant species rank—abundance curves based
on 48-hour and 96-hour extracted samples
were very similar for both treatments
(Spearman Rank Order Correlations; for
rainfall-excluded plots: n = 24 species; r =
0.990, p < 0.01; for rainfall-allowed plots: n =
20 species; r = 0.984; p < 0.01). Thus,
doubling the extraction time did not
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substantively change the shape of the species
relative abundance curve obtained after a
standard 48—hour extraction.

There were no significant differences in the
composition of the ant assemblage between
treatments (R = 0.296, p = 0.2, anosim test
based on the 48—hour Winkler extraction). At
the species level, changes in relative
abundance between rainfall-excluded and
rainfall-allowed plots (Table 2) may be
caused, for instance, by specific differences in
drought tolerance. Nevertheless, it is possible
that some individuals stuck to the wet litter of
rainfall-allowed samples and were lost during
the sifting process. This is suspected to be
especially true for small ants, such as
Brachymyrmex and Solenopsis species, since
they are more prone to stick to wet litter. As a
result, at least part of the differences in
species relative abundance between treatments
may be caused by the sampling procedure
itself.

The few studies that have investigated the
Winkler extraction efficiency for different
periods of time demonstrated that a large
proportion of both ant specimens and species
were rapidly extracted from the samples
(Ward 1987; Beshaw and Bolton 1994; Krell
et al. 2005; Delsinne et al. 2008; Ivanov et al.
2010). For instance, a 48—hour extraction of
samples from the Brazilian Atlantic rainforest
allowed documentation of 85 and 95% of ant
individuals and species, respectively (J.H.C.
Delabie pers. comm.). Moreover, based on the
analysis of 110 tropical and temperate
assemblages collected with Winkler samples
but with an extraction period varying from 10
to 72 hours (mean = SD: 32.3 = 21.1 hours;
median: 24 hours), Ward (2000) found that
the extraction period had no significant effect
on several measures of diversity such as
species richness. Relatively short extraction
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times seem therefore justified when focusing
on ants. Because the moisture content of the
leaf litter only slightly decreased during the
Winkler extraction (e.g., Sakchoowong et al.
2007; Delsinne pers. obs.), it is probable that
the ant fauna migration out of the leaf litter
relies mainly on the disturbance of the habitat
rather than on its passive dessication.

In conclusion, a 48-hour Winkler extraction
duration, as proposed for the A.L.L. protocol
(Agosti and Alonso 2000), allows researchers
to carry out reliable comparisons of leaf litter
ant assemblages. Absolute abundance may be
slightly underestimated when the moisture
content of the leaf litter sample is high (e.g., =
80%), but the assemblage structure (i.e.,
species richness, composition, and relative
abundance) is correctly documented.
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(Table I. Leaf litter sample properties and efficiency of the ant fauna
extraction for relatively dry and wet Winkler samples from rainfall-
excluded and rainfall-allowed plots, respectively. Data are medians,
interquartiles between parentheses, total values in bold.

extraction (based on total values) (%)

Winkler samples| Winkler samples
from rainfall- from rainfall-
allowed plots excluded plots

(n = 60) (n=60)

Leaf litter humidity (%) 100 (100;100) 48 (40; 62.5)
Leaf litter weight (g) 632 (484.5; 776) |490.5 (339.5; 670.5)
Leaf litter volume (L) 1.4 (1; 1.8) 25(157532)
Number of species collected after a 48-hour S X
i 4.0 (3.0; 4.0) 5.0 (5.0; 6.0)
Total number of species collected after a 48- 20 2%
hour extraction
Number of species collected after a 96-hour 3 3
trastion 4.0 (3.0; 4.0 5.0 (5.0; 6.0)
Total number of species collected after a 96-
h 5 20 24

our extraction
Proportion of species added by the second : .
extraction (%) 0G0 A
Proportion of species added by the second 0 0

Number of individuals collected after a 48-
hour extraction

18.5 (115 29.5)

50.5 (29.0; 76.5)

Total number of individuals collected after a
48-hour extraction

1295

3756

Number of individuals collected after a 96-
hour extraction

22.0 (14.0; 36.5)

53.0 (31.5; 83.5)

Total number of individuals collected after a

extraction (based on total values) (%)

96-hour extraction = o0
Proportion of individuals added by the second : i
tedion () _ 19.1 (9.1; 30.3) 3.5(1;6)
Proportion of individuals added by the second 235 7.8

-

J/

computed separately.

(Table 2. The 28 morphospecies collected and their relative abundance |
(%) for Winkler samples from rainfall-allowed and rainfall-excluded
plots. Data from the 48—hour and the 96—hour extractions were

Journal of Insect Science | www.insectscience.org

Rainfall-allowed Rainfall-excluded
48-hour | 96-hour | 48-hour | 96-hour
extraction | extraction | extraction | extraction
Hypoponera sp.A 59.61 61.66 21.92 21.74
Solenopsis sp.A 13.75 13.7 10.47 10.51
Solenopsis sp.B 10.12 9.57 22.42 21.56
Brachymyrmex sp.A 4.86 4.44 21.33 22.53
Strumigenys sp.A 3.55 3.38 15.74 15.5
Pheidole sp.A 3.01 2.56 1.01 0.96
Pheidole sp.B 2.01 1.81 1.46 1.38
Pheidole sp.C 0.85 0.75 1.07 1.01
Pheidole sp.D 0.93 0.75 0.11 0.1
Pheidole sp.E 0.31 0.38 0 0
Nylanderia sp.A 0.15 0.25 0.48 0.45
Camponotus sp.A 0.08 0.13 0 0
Pachycondyla sp.A 0.15 0.13 0.91 0.84
Pheidole sp.F 0.15 0.13 0 0
Stigmatomma sp.A 0.08 0.06 0.05 0.05
Linepithema sp.A 0.08 0.06 0.08 0.07
Megalomyrmex sp.A 0.08 0.06 1.01 1.36
Pachycondyla sp.B 0.08 0.06 0.03 0.02
Simopelta sp.A 0.08 0.06 0 0
Solenopsis sp.C 0.08 0.06 0.67 0.69
Leptanilloides sp.A 0 0 0.93 0.89
Pachycondyla sp.C 0 0.08 0.07
Pheidole sp.G 0 0 0.08 0.07
DByphlomyrmex sp.A 0 0 0.03 0.05
Pheidole sp.H 0 0 0.05 0.05
Pachycondyla sp.D 0 0 0.03 0.02
Pheidole sp.1 0 0 0.03 0.02
Solenopsis sp.D 0 0 0.03 0.02
\ J
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[Appendix. Winkler extraction duration used in published ant surveys. In December 2010, keywords such as "ants + Winkler",
"Formicidae + Winkler" and "A.L.L. protocol" were used to search studies dealing with ant diversity, ecology and biogeography on Web
of Science and Google Scholar. Ant taxonomical studies were not included because their aim is not to compare ant assemblages in a
standardized way. Where the same data set was used in several papers, only one was listed. The study locality is given in order to show
that extraction time was rarely selected according to where the sampling was carried out.

~

Extraction time Study locality Reference

Not provided, extracted until sample "thoroughly dry" Kuala Belalong Field Studies Centre, Brunei D lam, Borneo |Davidson et al. 2007

Not provided but referred to Ward (1987): 72h? Bahamas Morrison 1998

Not provided but referred to the A.L.L. protocol (Agosti and Alonso 2000): 48h? |[Mount Kinabalu, Sabah, Borneo Malsch et al. 2008

Not provided but referred to the A.L.L. protocol (Agosti and Alonso 2000): 48h? |Borneo Mezger and Pfeiffer 2011
Not provided but referred to the A.L.L. protocol (Agosti and Alonso 2000): 48h? |Tiputini Biodiversity Station, Ecuador Ryder Wilkie et al. 2007
Not provided but referred to the A.L.L. protocol (Agosti and Alonso 2000): 48h? |[Florida, USA Spi and Cumming 2008
Not provided but referred to Olson (1991): 48h? Vigosa, south-east Brazil Soares et al. 2001

Not provided Ulu Gombak, Sel West Malaysia Agosti et al. 1994

Not provided Nouragues Research Station, French Guiana, France Groc et al. 2009

Not provided Tmmbcias, Paré, Brazil M_ajcr 1996

Not provided Cocos (Keeling) Islands, Australia Neville et al. 2008

Not provided Momington Peninsula National Park, Australi Rowles and O’Dowd 2009
Hand-sorted during 15 min Yasawa islands, Fiji Ward and Beggs 2007
Hand-sorted Cormnwall, NY, USA Ellison et al. 2007
Hand-sorted Wayanad region of Western Ghats, India Sabu et al. 2008

10 days Cape Peninsula National Park, South Africa Ratsirarson et al. 2002

1 week Danum Valley Conscrvation Arca in Sabah, Bornco Ellwood et al. 2002

At least 6 days + ing ants were hand-sorted Mount Kinabalu, Sabah, Borneo Briihl et al. 1999

S days Western Ghats, India Sabu and Shiju 2010

4-5 days Papua New Guinea Sagata et al. 2010

At least 3 days + remaining ants were hand-sorted Lower Austria Tista and Fiedler 2010
2-4 days North-castern Tanzania Robertson 2002

72h + remaining ants were hand-sorted

Danum Valley Conservation Area in Sabah, Borneo

Fayle et al. 2010

72h + remaining ants were hand-sorted Cleveland area of north n Ohio, USA Ivanov et al. 2010

72h Ghana Belshaw and Bolton 1993, 1994
72h Rio Cachoeira Nature Reserve, Parana, Brazil Bihn et al. 2008

72h Bahia, Brazil Braga et al. 2010

72h DanumValley Conservation Arca, Sabah, Borneo Briihl et al. 2003

72h Sierra Nevada de Santa Marta, Colombia Guerrero and Sarmiento 2010
72h Atherton Tablelands in north: n Qu land, Australia King et al. 1998

72h Great Smoky Mc National Park, Te USA Lessard et al. 2011

72h La Selva Biological Station, Heredia Province, Costa-Rica Longino et al. 2002

72h Cumberland Plateau in southern Tennessee, USA Martelli et al. 2004

72h Monteverde Cloud Forest Reserve, Costa-Rica Nadkarni and Longino 1990
72h Vigosa, southeastern Brazil Sobrinho and Schoereder 2007
72h Lower S Valley, USA Ward 1987

48h + "subsequently picked through by hand for an hour" The Caribbean slope of the Cordillera Central in western Panama |Olson 1994

|48h the litter being removed, shaken and retumed after the first 24h

Sinharaja Forest Reserve, Sri Lanka

Gunawardene et al. 2010

48h

Andes on the northwest side of Colombia

Armbrecht et al. 2005

48h Atlantic Forest, Brazil Branddo and Silva 2008
48h Iberd Nature Reserve, Arg, Calcaterra et al. 2010

48h Otongachi forest, Ecuador Donoso and Ramén 2009.
48h Barro Colorado Island, Panama Donoso et al. 2010

48h Parque Estadual da Serra do Conduru, Bahia, Brasil dos Santos Oliviera et al. 2009
48h Madag; Fisher 1999

48h Province of Fi Madagascar Fisher and Robertson 2002
48h Montane forest of the semi-arid Brazilian “Nordeste” Hites et al. 2005

48h Boké Region, Guinea Kolo 2006

48h Lamto Reserve, Cote d’Ivoire Kone et al. 2010

48h Guyana LaPolla et al. 2007

48h Southen Appalachi USA Lessard et al. 2009

48h Reserva Ecolégica do Panga, Minas Gerais, Brazil Lopes and Vi los 2008
48h Lowland rain forest, Gabon Mikheyev et al. 2008

48h La Selva Biological Station, Heredia Province, Costa Rica Olson 1991

48h Kruger National Park, South Africa Parr and Chown 2001

48h Lampung province of Sumatra, Indonesia Philpott et al. 2008

48h Great Smoky M ins National Park, USA Sanders et al. 2007

48h Parque das Nascentes, Santa Catarina state, South Brazil Silva et al. 2007

48h Floresta Nacional de Caxiuana, Para, Brazil Souza et al. 2007

48h |Reserva Biologica do Tingud, Brazil Vargas et al. 2009

48h Pard, Brazil Vasconcelos et al. 2006
48h Amazon River, Brazil Vasconcelos et al. 2010
48h Cameroon Watt et al. 2002

48h Great Smoky M National Park, USA Zelikova et al. 2008
"Approximately 48h" Cocos Island, Costa Rica Solomon and Mikheyev 2005
24h Brazil Delabie et al. 2000

24h Gran Chaco, Argentina and Paraguay Delsinne et al. 2008

24h Grands Causses, France Groc 2006

24h Rio Pilcomayo National Park, Northern Argentina Leponce et al. 2004

24h Near Trombetas, Brazilian Amazonia Majer and Delabie 1994
24h North of Manaus, Brazil Vasconcelos et al. 2000

3h up to 7 weeks + hand-sorted England, Hants, New Forest / Malaysia, Sabah, Borneo Krell et al. 2005

3h up to 7 days Eastern Thailand Sakchoowong et al. 2007
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