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ABSTRACT

Climatic seasons have been shown to determine the temporal fluctuations in species commu-
nities of different ecosystems. Here, we assessed the diversity of spider assemblages in dry,
transition and rainy seasons in the “Guillermo Pifieres” Botanical Garden (GPBG), Turbaco,
Colombia. We collected spider assemblages between June 2018 and April 2019 through
standardized day and night sampling methods for tropical ecosystems: looking up, looking
down, beating and leaf litter sieving. In total, we collected 1585 individuals, belonging to 28
families and 112 (morpho) species. We calculated the effective species richness (Hill numbers)
to evaluate the changes in diversity across seasons and used clustering and ordination
methods (Jaccard index-based nMDS) to identify differences in the composition of the assem-
blages. Also, we compared the abundance and species richness of predatory guilds of the three
seasons. The transition season showed the highest diversity with 94 morphospecies, an
effective number of species of 48.7 and a dominance of 32.4 effective species. The clustering
and ordination methods grouped the sampling events into three groups, each corresponding
to a climatic season. The most abundant guild was the orb web weavers, with the highest value
in the rainy season, while “other hunters” were the most species rich. Our results indicate that
the spider assemblages in GPBG present a seasonal variation in diversity, probably influenced
by climatic conditions. Understanding how these seasonal changes occur is necessary to
develop forest management strategies for monitoring and management projects on the
conservation of species assemblages according to the Convention on Biological Diversity.
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Introduction worldwide [13]. These organisms fulfill multiple eco-

The climatic characteristics of the different seasons of
the year determine the temporal fluctuations in spe-
cies assemblages [1]. Changes in climatic features, such
as temperature and precipitation, together with com-
petition for food resources and habitat, can affect via-
bility, fertility and development time of species,
influencing their growth rate and survival [1-3]. The
increase in temperature affects both fauna and flora
and the distribution and abundance of species at all
trophic levels [4,5]. These effects are considerable in
the case of ectothermic organisms, such as spiders,
whose predatory and reproductive activity is depen-
dent on temperature [6]. As for the rainfall, it may
determine the reproduction and oviposition time of
many organisms, including spiders [7-9], as well as
their distribution and the diversity patterns of their
prey [10-12].

Spiders are one of the most species-rich groups in
the animal kingdom. More than 50,400 species
grouped into 132 families are currently known

system functions and exploit a diversity of microhabi-
tats [14]. Because they are at the top of the arthropod
food web [8], they actively control the populations of
other arthropods and serve as food for many verte-
brates [15,16].

Spiders can be grouped into guilds according to the
way in which they obtain their food [17,18]. These
predatory quilds group phylogenetically related
organisms that share niche and foraging requirements,
and thus they allow investigating assemblage
responses to climate change and habitat alteration
[19-21].

The Colombian Caribbean has the best preserved
remnants of tropical dry forest in the country.
Rodriguez et al. [22] and some inventories have
allowed estimating the diversity and taxonomic char-
acteristics of the spiders that inhabit them. Goenaga
& Rodriguez [23], Escorcia et al. [24] and Quijano-
Cuervo et al. [25] studied the diversity of spiders
associated with remnants of tropical dry forest in
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the Caribbean region. Likewise, Morén [26] and
Pefaloza-Villadiego et al. [27] conducted inventories
of the araneofauna present in Dibulla-La Guajira and
in the Serrania de Coraza Protected Forest Reserve,
respectively. Saavedra [28] and Salleg et al. [29]
described the araneofauna associated with different
vegetation types; whereas Ferreira-Ojeda [30],
Ferreira-Ojeda et al. [31] and Botto & Padilla [32]
studied the orb weaver spiders in the department
of Magdalena. Also, Gutiérrez et al. [33] characterized
the spiders in the mangrove forests of La Guajira and
Quijano-Cuervo & Martinez-Herndndez [34] and
Quijano-Cuervo et al. [35] showed how climate varia-
tion affects the composition and structure of spider
assemblages.

This study aims to contribute to the taxonomic
and ecological knowledge of spiders in the
Colombian Caribbean by answering the following
three questions: i) What is the abundance and rich-
ness of spiders in the “Guillermo Pifieres” Botanical
Garden (GPBG) throughout a year? ii) What is the
diversity of spider assemblages in GPBG in the dry,
transitional and rainy seasons and how similar are
they to each other? And iii) how do temperature,
rainfall and humidity affect spider assemblages in
GPBG? Understanding how these seasonal changes
occur and shape spiders diversity patterns is neces-
sary to develop forest management strategies for
monitoring and management projects on the con-
servation of species assemblages according to the
Convention on Biological Diversity [36].

Methods
Study area

The “Guillermo Pineres” Botanical Garden (GPBG)
(Figure 1) is located in the Matute sector of the muni-
cipality of Turbaco, Bolivar (Colombia) (10°21°10.1"N,
75°25'43.3"W), close to the city of Cartagena. It com-
prises a protected area of nine hectares, of which five
constitute plant collections (Arboretum-Palmetum
zone with large native trees and native palms and
small different zones with medicinal, fruit, ornamentals
and xerophytic plants) and the other four hectares
compose a protected native forest (tropical dry forest).
Its heterogeneous environment presents climatic,
topographic, and edaphic characteristics that vary in
time and space, providing a variety of microhabitats for
different species [37,38].

GPBG contains timber trees with economic and con-
servation interest, such as the red oak (Cedrela odorata
Linneo, 1753) and the guamacho Leuenbergeria gua-
macho (F.A.C. Weber, 1898); fruit trees such as the
mamey Mammea americana Linneo, 1791; and species
such as the iraca palm Carludovica palmata Ruiz & Pav,
1798 of the Arecaceae family from the Caribbean and
neighboring regions. The primary tropical dry forest
relict is abounded with lianas, woody vines, and trees
above 10 m with well-developed crowns (Figure 2).

The Colombian Caribbean dry ecosystems are sub-
ject to a marked climatic seasonality [39]. The greatest
amount of precipitation occurs during the rainy season
(October, November and December), when average

Figure 1. Location of the “Guillermo Pifieres” Botanical Garden in Turbaco, Bolivar.
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Figure 2. Microhabitats of the “Guillermo Pifieres” Botanical Garden of Turbaco, Bolivar. (a) trails; (b) fallen logs; (c) picnic area; (d)

leaf litter.

values do not usually exceed 200 mm per month [40],
likewise, average monthly temperature values do not
usually exceed 38°C [38]. On the other hand, the dry
season in this area ranges from 5 to 6 months (January,
February, March, April and May), with average precipi-
tation values of 20 mm/month and monthly average
temperature values ranging from 33°C to 40°C [41]. The
remaining months are considered to represent
a seasonal transition with variable periods of rainfall
and drought.

Sampling

We conducted 12 samplings throughout June, July,
October and November 2018, and February and
March 2019 (two samplings per month) in the
Arboretum-Palmetum zone and the protected native
forest area of the GPBG. Four experienced collectors
collected eight samples using four methods (looking
down, looking up, beating and litter sifting) in each
sampling. One method was assigned to a collector by
sampling, which took one diurnal sample and one
nocturnal sample per his method [42]. The looking
down sample consisted of spiders collected from dif-
ferent microhabitats (soil, fallen trunks, leaf litter, spi-
der webs, etc.) between 0 and 50 cm in height for 60
min. Each sample of looking up included spiders
found between 50 and 200 cm height, during 60
min. For each beating sample, we used a Japanese
umbrella for 30 min whereas for each litter sifting
sample we screened the litter with a sifter (30 cm
long and 20 cm wide) (also for 30 min), separating

the specimens with a brush on a white canvas. We
carried out all diurnal samplings between 8:00 and
11:00 and nocturnal samplings between 18:30 and
21:30. Therefore, each assemblage (each sampled in
a sampling) was represented by eight samples and 6
h of collection.

We preserved the specimens in 70% ethanol and
transferred them to the research laboratories at the
Universidad de Cartagena, where we identified them
to the lowest possible level (species or morphospecies)
using the keys of Levi [43], Benamu [44], Jocque &
Dippenaar-Schoeman [45] and Grismado et al. [46].
Expert arachnologists confirmed the identifications.
All specimens are preserved in the research labora-
tories of the Universidad de Cartagena in the
Arachnid section (CBUDC-ARA).

We used the environmental data (rainfall and tem-
perature) for the years 2018 and 2019 of the Sincerin
station (Arjona municipality) of the Instituto de
Hidrologia, Meteorologia y Estudios Ambientales
(IDEAM) to corroborate whether the months sampled
met the typical characteristics of the regional climatic
seasons.

Data analyses

Abundance and richness of spiders in the GPBG

We built species accumulation curves, computed the
number of singletons (species represented by one
individual in the entire sampling) and doubletons (spe-
cies represented by two individuals), and calculated
the sampling completeness based on the Chao 1
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estimator to evaluate the thoroughness of the sam-
pling in each climatic season with EstimateS v. 9.1
[47,48].

We classified the species into eight functional guilds
as proposed by Cardoso et al. [18]: (1) detection web
weavers, (2) sheet web weavers, (3) space web wea-
vers, (4) orb weavers, (5) specialists, (6) ambush hun-
ters, (7) ground hunters and (8) other hunters.

Diversity of spiders in different seasons

To determine which samples corresponded to each of
the climatic seasons, we created a climogram using the
temperature and precipitation data provided by
IDEAM. We determined each season based on precipi-
tation data, considering that the dry season months
were those with rainfall below 100 mm; that the transi-
tion season was composed of the first 3 months that
exceeded the average of the entire sampling (90 mm)
and that the rainy season was composed of the
months with the highest amount of rainfall.

We calculated the Hill numbers (q0, g1 and g2) with
the Spade program Chao et al. [49] to compare the
diversity and dominance patterns in each of the cli-
matic seasons [50]. These three values represent three
orders of diversity: the number of observed species
(g0), the exponential of Shannon’s index (q1) and the
inverse of Simpson’s index (g2), with the latter two
considering the relative abundances of species when
calculating the effective number of species (dominant
species) [51,52]. We then calculated estimators for each
of the three measures, employing bootstrap for qO, the
Horvitz-Thompson adjustment that allows the estima-
tion of the Shannon index for g1 and the MVUE
(Minimum Variance Unbiased Estimator), which is an
unbiased estimator invariant to sample size for g2
[50,53].

To establish whether there were differences in spe-
cies composition between the assemblages of the
three stations (previously grouped according to their
temperature and precipitation characteristics), we

applied a permutational analysis of variance
(PERMANOVA) with 999 permutations in PAST
v. 3.01 [54].

In order to group the assemblages of the different
months according to their similarities and identify sea-
sonality in the spider assemblages, we calculated
a similarity matrix (Jaccard index with presence-absence
data) [55] and used it to cluster the assemblages through
the Heuristic algorithm nearest neighbor interchange
(illustrating them in a dendrogram) and to create an
ordination using nonmetric multidimensional scaling
(nMDS) using PAST v. 3.01 [55,56].

Effects of climatic factors on spiders

To determine the possible influence of environmental
variables (temperature, precipitation and relative
humidity) on the taxonomic structure of the

assemblages, we performed a canonical correspon-
dence analysis (CCA) [56]. For this analysis, we
excluded all the morphospecies with lower abun-
dances (<4 individuals) as we considered that they
were likely to be “tourist” species — not belonging to
the habitat [57].

Results
Abundance and richness of spiders in the GPBG

We collected a total of 1585 individuals belonging to
112 species and 28 families (Table 1). The most abun-
dant families were Araneidae (37.7%), Theridiidae
(10.4%), Theraphosidae (8.9%) and Ctenidae (8.8%).
Araneidae was the family with the highest richness
(27 species), followed by Salticidae and Theridiidae
(20 and 10 species, respectively). Pisauridae and
Trachelidae were the least abundant families with
two individuals each.

The sampling completeness based on the Chao 1
estimator indicated that we collected 93.9% of the
species that could be found in the GPBG using our
sampling methods. The curve of singletons showed
a negative slope suggesting that our sampling was
close to complete (Figure 3d).

As for the spider guilds, seven of the 28 collected
families belonged to the “other hunters” guild, with 34
morphospecies, being this guild the one with the lar-
gest number of families, followed by “ambush hunters”
and “ground hunters” with four families each. Only two
families represented the guilds “sensing web weavers”
and “sheet web weavers” in the study (Table 1). The
“Orb web weavers” showed great abundance during
the rainy months, being more than 35% of the total of
spiders for June and July (n=109 and n=117) and
more than 50% in October and November (n=196
and n=181). The “ground hunters” were represented
by just over ten individuals during the transition sea-
son, with very low abundance in March and November.
The “sensing web weavers” showed a very similar
abundance throughout the sampling months
(Figure 5).

Diversity of spiders in different seasons

From the climogram constructed with the data pro-
vided by IDEAM (Figure 4) and based on the precipita-
tion values, we determined that January, February,
March, April and May of 2019 corresponded to the
dry season (10-50 mm); September, October, and
November of 2018 to the rainy season (140-200 mm);
and June, July, August and September of 2018 to the
transition season (122-146 mm).

The dry season recorded the highest average tem-
peratures (April — 32.2°C) and the smallest precipita-
tion (January — 10 mm) during the analyzed period
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Table 1. Abundance of the spider fauna present in the “Guillermo Pifieres” Botanical Garden during three climatic seasons.
Numbering by functional guilds according to Cardoso et al., (2011): (1) Sensing web weavers, (2) Sheet web weavers, (3) Space

web weavers, (4) Orb web weavers, (5) Specialists, (6) Ambush hunters, (7) Ground hunters, and (8) Other hunters.

Corythalia sp. 1
Corythalia sp. 2
Eustiromastix sp.
Freyina sp.

Itata sp.
Lyssomanes sp. 1
Lyssomanes sp. 2
Menemerus bivittatus
Nycerella sp.
Platycryptus sp.
Psecas sp.
Xantofreya sp.
Zuniga sp.
Salticidae sp. 1
Salticidae sp. 2
Salticidae sp. 3

Family Guild Morphospecies Dry season Transition season Rainy season Total
Anyphaenidae Other Hunters Hibana sp. 0 1 1 2
Araneidae Orb Web Weavers Alpaida truncata 1 10 4 15
Argiope argentata 0 5 0 5
Cyclosa sp. 30 46 46 122
Eriophora sp. 1 2 21 8 31
Eriophora sp. 2 2 6 8 16
Eriophora sp. 3 0 1 11 12
Eriophora sp. 4 0 1 4 5
Eustala sp. 3 9 1 13
Gasteracantha cancriformis 4 1 9 14
Mangora sp. 0 0 1 1
Metazygia sp. 1 0 0 1
Micrathena quadriserrata 0 10 6 16
Micrathena schreibersi 5 22 84 111
Micrathena sexspinosa 4 26 52 82
Micrathena sp. 1 8 3 38 49
Micrathena sp. 2 2 8 43 53
Micrathena sp. 3 1 0 1 2
Parawixia sp. 0 1 1 2
Verrucosa sp. 1 1 6 15 22
Verrucosa sp. 2 0 0 4 4
Araneidae sp. 1 0 2 0 2
Araneidae sp. 2 0 2 1 3
Araneidae sp. 3 1 0 0 1
Araneidae sp. 4 0 6 0 6
Araneidae sp. 5 1 5 0 6
Araneidae sp. 6 1 2 0 3
Araneidae sp. 7 0 0 1 1
Corinnidae Ground Hunters Corinna sp. 0 2 0 2
Castianeira sp. 0 5 0 5
Simonestus sp. 1 0 0 1
Corinnidae sp. 2 2 2 6
Ctenidae Other Hunters Acanthoctenus sp. 31 38 34 103
Ancylometes bogotensis 1 21 12 34
Phoneutria boliviensis 2 0 0 2
Ctenidae sp. 1 0 0 1
Deinopidae Ambush Hunters Deinopis sp. 4 1 0 5
Dictynidae Space Web Weavers Dictynidae sp. 2 2 2 6
Hersiliidae Sensing Web Weavers Neotama sp. 6 1 11 28
Lycosidae Ground Hunters Arctosa minuta 0 0 1
Lycosa sp. nov. 0 0 11
Pavocosa sp. 1 0 1
Trochosa sp. 0 0 12
Linyphiidae Sheet Web Weavers Linyphiidae sp. 1 3 8 14
Linyphiidae sp. 2 0 2
Linyphiidae sp. 3 1 1
Mimetidae Specialists Gelanor sp. 4 2
Mimetidae sp. 3 5
Oonopidae Ground Hunters Dysderina sp. 0 4
Oxyopidae Other Hunters Peucetia sp 0 0
Oxyopidae sp. 1 5 0
Oxyopidae sp. 2 0 0
Palpimanidae Specialists Fernandezina eduardoi 0 3
Othiotops sp. 0 2
Pholcidae Space Web Weavers Pholcidae sp. 1 7 8
Pholcidae sp. 2 12 4
Pisauridae Sheet Web Weavers Pisauridae sp. 0
Sallticidae Other Hunters Acragas sp. 1
Amycini sp. 7
Colonus sp. 1
1
0
4
1
0
3
0
0
1
0
0
2
0
0
2
0
0

Salticidae sp. 4
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Table 1. (Continued).

Family Guild Morphospecies Dry season Transition season Rainy season Total
Anyphaenidae Other Hunters Hibana sp. 0 1 1 2
Scytodidae Other Hunters Scytodes sp. 1 9 13 23
Senoculidae Other Hunters Senoculus sp. 4 4 15 23
Selenopidae Ambush Hunters Selenops sp. 6 6 2 14
Sicariidae Ambush Hunters Loxosceles sp. nov. 7 5 5 17
Sparassidae) Other Hunters Olios sp. 1 0 4 3 7
Olios sp. 2 4 2 3 9
Sparassidae sp. 1 3 1 0 4
Sparassidae sp. 2 2 1 6 9
Tetragnathidae Orb Web Weavers Leucauge venusta 2 17 17 36
Leucauge sp. 2 5 8 17 30
Theraphosidae Sensing Web Weavers Ami sp. nov. 25 9 1 45
Hapalopus formosus 16 24 1Al 51
Hapalopus sp. 0 1 0 1
Holothele longipes 7 9 10 26
Psalmopoeus pulcher 0 2 2 4
Pseudhapalopus sp 1 3 1 4
Theraphosidae sp. 1 5 5 10 1
Theridiidae (3) Space Web Weavers Argyrodes sp. 0 3 2 5
Steatoda sp. 4 12 1 27
Rhomphaea sp. 0 0 2 2
Theridion sp. 24 43 46 113
Theridiidae sp. 1 0 1 0 1
Theridiidae sp. 2 0 0 1 1
Theridiidae sp. 3 4 2 4 10
Theridiidae sp. 4 0 0 1 1
Theridiidae sp. 5 1 0 2 3
Theridiidae sp. 6 2 0 0 2
Thomisidae Ambush Hunters Epicadus sp. 1 1 0 2
Thomisidae sp. 1 1 4 8 13
Thomisidae sp. 2 4 8 5 17
Thomisidae sp. 3 1 0 0 1
Trachelidae Ground Hunters Trachelas sp. 0 2 0 2
Trechaleidae Specialists Trechalea sp. 4 4 4 12
Uloboridae Orb Web Weavers Miagrammopes sp. 2 6 3 1
Uloborus sp. 0 1 1 2
TOTAL 112 302 615 668 1585
120
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Figure 3. Accumulation curves of spider species in the GPBG: (a) dry season 2019; (b) transition season 2018; (c) rainy season 2019;

(d) all samplings.
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(Figure 4). In the transition season, rainfall ranging
between 122 mm and 146 mm, and the average tem-
perature was between 29.4°C and 30.0°C (Figure 4).
During the rainy season, it was recorded the lowest
average temperature and the highest precipitation
rates, ranging between 29.5°C and 27.5°C and 140
mm and 200 mm, respectively. October was the
month with the highest precipitation (Figure 4).
During the dry season, we collected 23 families, 69
morphospecies and 302 individuals. Araneidae (n=
66), Theraphosidae (n =54), Ctenidae and Theridiidae
(n = 35) contributed the highest number of individuals
(Table 1). Acanthoctenus sp. (Ctenidae) was the most

abundant species, with 31 individuals. In the transition
season, we recorded 611 individuals, grouped into 28
families and 86 morphospecies. Cyclosa sp. (Araneidae)
was represented by 46 individuals, being the most
numerous species (7.52%). We collected 668 indivi-
duals during the rainy season, grouped in 73 morphos-
pecies, belonging to 24 families. Micrathena schreibersi
(Araneidae) was the species that presented more indi-
viduals with 84 (12.57%) (Table 1).

Table 2 indicates the values of the observed and
estimated Hill numbers for each climatic season. The
highest number of observed species (qo) was in the
transition season, while the dry season obtained the
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Table 2. Values of the observed and estimated Hill numbers for each climatic season. qy: diversity of order zero (species richness),
qy: diversity of order 1 (Common species), and qs: diversity of order 2 (Dominant species).

Observed diversities

Estimated diversities

Climatic period %o i P do el P

Dry season 69 36.9 22.2 94.9 439 239

Transition season 86 48.7 324 97.2 53.1 34.2

Rainy season 73 34.2 209 85 36.6 21.6
Observed Expected

1254

1001

N° of species

1251

100

754

504
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Figure 6. Diversity profiles for each climatic season.

lowest richness (Figure 6). The estimators for q,
showed larger differences between the rainy and dry
seasons than the observed values. The observed values
of g, were similar to those of q;, with the transition
season being the one with the highest number of
effective species, followed by the dry season and the
rainy season, respectively.

The PERMANOVA analysis indicated differences in
the composition of the spider assemblage between
the sampling events of the dry, rainy and transition
seasons (F=4.872, p=0.0002). This was corroborated
by the classification and ordering analysis.

The clustering and ordination analyses grouped the
assemblages into three groups according to the cli-
matic seasons (Figure 7). The first group was formed
by Jun-01, Jul-02, Jun-02 and Jul-01, with a similarity of
56%, presenting 14 exclusive morphospecies:
Araneidae sp1, Araneidae sp4, Corinna sp., Trochosa
sp., Oxyopidae sp2, Pisauridae sp., Corythalia sp2,
Psecas sp., Zuniga sp., Salticidae sp1, Salticidae sp3,
Hapalopus sp., Theridiidae sp1, and Trachelas sp.
The second group consisted of Oct-1, Oct-2, Nov-1
and Nov-2, with a similarity of 58%. Mangora sp.,
Verrucosa sp2, Araneidae sp2, Araneidae sp7,
Fernandezina eduardoi, Acragas sp., Xantofreya sp.,
Rhomphaea sp., Theridiidae sp2, and Theridiidae sp4

were the morphospecies that were only collected dur-
ing the sampling events that correspond to this group.
The third group showed a similarity of 42% and 12
exclusive species (Metazygia sp. Araneidae sp3,
Simonestus sp., Phoneutria boliviensis, Ctenidae sp.,
Pavocosa sp. Itata sp. Menemerus bivittatus,
Platycryptus sp., Salticidae sp4, Theridiidae sp6, and
Thomisidae sp2), and it was made up of the assem-
blages corresponding to the dry season (Mar-1, Mar-2,
Feb-1 and Feb-2).

Effects of climatic factors on spiders

The first and second axes of the canonical correspon-
dence analysis (CCA) between the environmental vari-
ables (temperature, rainfall and relative humidity) and
the morphospecies abundance explained 64.45% and
35.55% of the variation, respectively (Figure 8). Some
species such as Theraphosidae sp1, Hapalopus formo-
sus, Selenops sp., Pholcidae sp., Holothele longipes,
Trechalea sp., Gelanor sp., and Acanthoctenus sp.
showed associations with temperature during the dry
season, indicating that these species may have an
affinity for high temperatures. Likewise, relative
humidity and precipitation showed an association
with several species, most of which are representatives
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pecies in the study area.

of the “orb web weavers” guild, suggesting the effect
of the rain on spiders associated with the ground, and
corroborating the dominance of orb-weaving spiders
in the sampling during the rainy season.

Discussion
Abundance and richness of spiders in the GPBG

This study reports 47.5% of the total number of
families registered for Colombia, and about 1.2% of
the species without including morphospecies and

8.7% including them [58]. Araneidae was the most
abundant and richest family, which coincides with
some studies in the country that showed the domi-
nance of this family in many ecosystems (e.g
[24,27,34,59]). In contrast to these publications,
Salticidae was not the most dominant family in the
study, although it was the second with the highest
species richness after Araneidae. We did not find speci-
mens belonging to the Actinopodidae and Dipluridae
families, previously collected in the sampling area [60],
possibly due to anthropogenic modifications of the
GPBG habitats for touristic purposes.
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The accumulation curves indicated that sampling at
the three seasons was efficient. However, rare species
(singletons and doubletons) exceeded 30% of the total
richness, and therefore the list of spider species in the
GPBG could still be lengthened by increasing the sam-
pling time and the number of sampling methods.

The “orb web weavers” guild was the one that pre-
sented the largest number of individuals, matching
previous findings of it being the guild with the greatest
diversity and abundance in tropical forests (e.g
[59,61]).

Diversity of spiders in different seasons

Our seasonal climatic analysis coincides with the
description of the climate of the Colombian
Caribbean region by [62], according to whom rains
are concentrated between August and December,
with October being the month with the highest rain-
fall. Our findings are also aligned with other studies on
the Colombian Caribbean [34,35], and with the
remarks by Pizano & Garcia [39] about the marked
climatic seasonality of the dry areas of the region.

In general terms, the transition season presented
higher species diversity values than the rainy and dry
seasons. These changes may be due to the fact that the
months corresponding to the transition season act as
an “inter-season ecotone,” in which spiders belonging
to rainy and dry seasons are found [63,64]. There was
a decrease in the number of individuals during the dry
season and an increase during the months with rains.
This pattern may be because in some arthropods, egg
hatching and reproduction is related to changes in
environmental conditions (e.g [65,66]). According to
Quijano-Cuervo et al. [35], the arrival of the rains
would favor the hatching of the eggs in some spiders
and eventually increase their abundance. Likewise, the
decrease in richness and abundance in spider assem-
blages during the dry season may have occurred syn-
chronously with the decrease in prey — during times of
high temperature, the activity and availability of
insects may be limited [67]. Also, high temperatures
may cause water deficit and physiological stress in
many organisms [68].

Effects of climatic factors on spiders

The canonical correspondence analysis revealed that
the environmental variables (temperature, rainfall, and
relative humidity) influenced the morphospecies com-
position and abundance. Likewise, Quijano-Cuervo &
Martinez-Herndndez [34] found that these environ-
mental variables influenced the abundance of spiders
in a tropical dry forest of the Colombian Caribbean
region, which allows us to conclude that the spider
assemblages (and their changes throughout the

seasons) in GPBG area are affected by the variations
in environmental conditions.

Relevance for conservation

Our results show that the “Guillermo Pifieres” Botanical
Garden is home to a rich and abundant spider fauna,
including species not yet described. The destruction of
natural vegetation in urban areas is advancing rapidly,
along with the loss of its associated fauna, so it is
crucial to conserve the natural spaces that remain.
Climate change, which in the Colombian Caribbean
mainly manifests itself through extreme droughts and
floods, will exacerbate the effects of man-made defor-
estation and the degradation of ecosystems. For this
reason, we recommend promoting the research on the
biodiversity of spaces such as the “Guillermo Pifieres”
Botanical Garden, and disseminating the findings
through educational workshops focused on their
conservation.
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