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Abstract

Coccinellids are important predators and provide important ecosystem services. The
coccinellid fauna, drivers of assemblage composition, and species richness in the trop-
ics are poorly known. We studied changes in species composition of coccinellids in
domestic gardens along a rural-urban gradient in southeastern Mexico and identi-
fied the local and landscape variables that determine abundance and species rich-
ness. We surveyed coccinellids through monthly visual surveys, yellow sticky and pan
traps in nine domestic gardens, and measured local variables (flower and prey abun-
dance, plant diversity, garden size, temperature, and relative humidity), and gathered
information on landscape heterogeneity in buffers around gardens (0.05 km, 1 km,
and 3 km radius). We collected 40 coccinellid morphospecies, including two exotic
species: Chilocorus nigrita and Delphastus catalinae. Coccinellid species composition
differed along the gradient. Assemblages did not exhibit a nested pattern; species
turnover was the main contributor of observed beta diversity. Overall coccinellid
abundance was highest in the suburban zone, while overall species richness was high-
est in the rural zone. Mean abundance and mean species richness did not vary sig-
nificantly along the gradient. The gradient negatively affected coccinellid diversity;
diversity was highest in the rural zone which harbored several exclusive species. At
the local scale, coccinellid abundance and species richness correlated positively with
prey abundance and temperature, and negatively with plant diversity. Urbanization
filtered more than half the species in the community, yet urban gardens in southeast-
ern Quintana Roo, especially those providing abundant prey, might assist coccinellid
conservation.

Abstract in Spanish is available with online material
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CATZIM ET AL.

1 | INTRODUCTION

Ladybeetles (Coleoptera: Coccinellidae) are an important and spe-
ciose insect group that occur in an array of ecosystems, but dis-
turbance and presence of exotic species may affect their diversity.
There are approximately 6000 known species of coccinellids (Seago
etal., 2011; §Iipir’15ki et al., 2011), most of which are considered ben-
eficial due to their predatory nature, and their ability to reduce pest
insect populations (Hagen, 1962; Hodek et al., 2012; Iperti, 1999).

Diversity and abundance of coccinellids may be influenced by
several local and landscape variables. At the local scale, prey avail-
ability (Rocha et al., 2018) and presence of alternative adult and lar-
val food sources (nectar, honeydew, pollen, fungi; Lundgren, 2009)
are influential. Moreover, landscape structure and composition may
determine their abundance, richness (Egerer et al., 2017; Rocha
et al,, 2018; Woltz & Landis, 2014) and assemblage composition
(Gardiner et al., 2009; Grez et al., 2019; Liere et al., 2019). Species-
specific biological traits can also explain spatial distribution patterns
(Comont et al., 2012). In addition, coccinellid assemblages experi-
ence compositional changes due to the presence of exotic species
(e.g., Alyokhin & Sewell, 2004; Masetti et al., 2018). How these vari-
ables affect coccinellids has been documented mainly in temperate
countries, where drivers include agriculture intensification, climate
change, invasions of non-native species, and habitat degradation and
loss through urbanization (Comont et al., 2014; Honek et al., 2017).

Conservation of coccinellids and the ecosystem services they
provide is crucial, but knowledge concerning factors influencing
their richness and abundance within different ecosystems is lacking
in the tropics. Despite recent advances in knowledge of tropical coc-
cinellids (e.g., Gonzalez & Vétrovec, 2021; Nestor-Arriola & Toledo-
Hernandez, 2019; Rodriguez-Vélez, 2018), diversity in the tropics is
still largely unexplored. Tropical species have distinct life histories
and physiologies; furthermore, ecological communities are assem-
bled differently across latitude (Sheldon, 2019) and different com-
munity responses to disturbance may be expected compared with
those in temperate regions.

Deforestation followed by urbanization creates a gradient of nat-
ural habitat loss toward the urban core of cities (McKinney, 2002),
and the physical changes and the resultant biotic environment along
the different zones (rural, sub-urban, and urban areas) of this gra-
dient may affect coccinellids. Recent studies from temperate and
subtropical regions describe coccinellid communities along a rural to
urban gradient, or in urban ecosystems, such as gardens (e.g., Egerer,
Arel, et al., 2017; Egerer, Bichier, et al., 2017; Grez et al., 2019; Liere
et al., 2019; Rocha et al., 2018), but studies from tropical urban areas
are lacking. In temperate zones, species composition of other arthro-
pods changes along rural to urban gradients (Ishitani et al., 2003;
Niemeld & Kotze, 2009); with several invertebrate studies showing
increasing species richness with urbanization (McKinney, 2008).
Increases in species richness in moderately urbanized areas could
follow predictions from the intermediate disturbance hypothesis
(Connell, 1978; Wootton, 1998), suggesting that local species diver-
sity should be maximal at moderate levels of disturbance. However,
even within a taxonomic group, different species respond differently
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to urbanization (Magura & Lévei, 2021). In general, urbanization neg-
atively affects arthropods (Faeth et al., 2011; McKinney, 2008), but
no global pattern emerged in recent meta-analyses, and effects of
urbanization on abundance, diversity, and richness of arthropods
remains controversial (Fenoglio et al., 2020; Magura & Lovei, 2021).

Urban green spaces harbor numerous species of coccinellids
(Egerer, Bichier, et al., 2017; Gardiner et al., 2014; Grez et al., 2019;
Liere et al., 2019; Rocha et al., 2018), but assemblages depend on
local and landscape factors (Egerer, Bichier, et al., 2017). The de-
gree to which green spaces conserve biodiversity also depends on
urbanization (Grez et al., 2019). Local factors identified as important
correlates of coccinellid species richness and/or abundance in urban
settings in temperate or subtropical regions include vegetation com-
plexity, size of green spaces, type and abundance of ground cover,
number of flowers (Egerer, Bichier, et al., 2017), plant diversity, and
prey abundance (Rocha et al., 2018). At the landscape level, propor-
tions of impervious surface (Rocha et al., 2018), agricultural land
cover (Grez et al., 2019), and natural areas surrounding green spaces
(Egerer, Bichier, et al., 2017), at certain spatial scales, are influential.

We aim to fill knowledge gaps on coccinellids in the tropics, specif-
ically in domestic gardens (e.g., households) along an urbanization gra-
dient in the southeastern portion of the Yucatan Peninsula, Mexico.
We address four research questions: (1) Does coccinellid species com-
position change along a rural to urban gradient? (2) Are species poor
assemblages a subset of species rich assemblages? (3) Does coccinel-
lid abundance, species richness, and diversity differ along the rural to
urban gradient? (4) Which local and landscape factors are correlated
with coccinellid abundance and species richness in domestic gardens
in southern Quintana Roo? We hypothesize that species assemblages
will vary significantly between zones of the rural to urban gradient and
that assemblages will present a nested pattern. We expect that the
urban zone will have lower species richness and will be a nested subset
of rural and suburban assemblages. We hypothesize that richness and
abundance of coccinellids will differ along the gradient. According to
the intermediate disturbance hypothesis, we hypothesize that subur-
ban gardens will harbor more species and higher abundance.

2 | METHODS

2.1 | Sampling sites

We worked in the state of Quintana Roo in the southeastern part of
the Yucatan Peninsula, Mexico; the study site included the coastal
city of Chetumal (Figure 1). The vegetation consists mainly of
tropical forest (Islebe et al., 2015), arboreal secondary vegetation
(Cortina Villar et al., 1999), and coastal mangroves. The region has
a warm sub-humid climate with rainfall during the summer and the
driest season during March and April, according to the classification
of Kéeppen modified by Garcia (1973). We selected nine domestic
ornamental gardens along the gradient, three in the rural zone (R1-3)
about 8-14 km away from the city, three in the edge of the city (sub-
urban zone, SU1-3) and three in the urban core (urban zone, U1-3)
(Figure 1; see Text S1 and Table S1 for garden details).
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FIGURE 1 Area of study and location of domestic gardens sampled along a rural to urban gradient. Land cover types in 2015 (top right),
and impervious surface coverage in early 2018 (bottom right). Circles: urban gardens; triangles: suburban gardens; squares: rural gardens

2.2 | Coccinellid sampling and identification
We sampled coccinellids monthly, from January 2018 to February
2019 with 3 methods: visual surveys during 1.5-2 h/site, yellow
sticky traps (11.5 x 24.5 cm, Ferommis Group, Mexico) and yel-
low pan traps (20 cm diam.). During visual surveys, we examined
all plants and collected all coccinellids present (eggs, larvae, pupae,
and adults). We placed coccinellids in plastic jars covered with a fine
mesh for further observations. We placed larvae in separate con-
tainers to prevent cannibalism. We randomly distributed four sticky
traps and four pan traps containing 300 ml of water and a few drops
of detergent (Egerer, Arel, et al., 2017) in each garden and collected
them after 24 hrs. We placed traps 1-1.5 m above the ground; sticky
traps were suspended on tree or shrub branches, while the pan traps
were placed on any surfaces above ground. We distributed traps fur-
ther apart in larger gardens in order to cover most of the area, and
closer in small gardens due to the limited dimensions of the plots.
We sorted coccinellids into morphospecies using online iden-
tification keys (Gordon, 1985). For specimens that could not be

identified using keys, DNA from representative specimens was ex-
tracted and barcoded, and CO1 sequences were used to delineate
molecular operational taxonomic units as part of an independent
study (see Catzim et al., 2022; dataset DS-QROOCOCC, doi:dx.
doi.org/10.5883/DS-QROOCOCC in boldsystems.org). Field sam-
pling comply with the current laws of Mexico and was carried out
under permit number FAUT-0277 issued by the Secretaria de Medio

Ambiente y Recursos Naturales, Mexico.

2.3 | Localfactors

We recorded flower abundance, plant diversity, prey abundance,
temperature, and relative humidity at each sampling, and noted
garden area. To quantify flower abundance, we counted all flowers
in the garden using a hand tally counter. We counted large solitary
flowers individually and large racemose inflorescences as one flower.
To determine plant species diversity, we listed all plant morphospe-
cies (except grasses) and recorded their estimated frequencies. We
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assessed abundance of potential prey items (e.g., coccids, aphids,
psyllids, whiteflies, citrus blackflies, and mites (Nedvéd & Honék,
2012)) on sticky traps and pan traps and also on ten 10-cm long
plant shoots in each garden. We measured temperature and relative
humidity in situ with a digital hygro-thermometer. We measured gar-
den area with high resolution satellite images in the program Google
Earth Pro.

2.4 | Landscape characterization

We included percent cover of several land cover types, and land
cover diversity within three buffers (0.5 km, 1 km, and 3 km radius)
surrounding each garden calculated using Geographic Information
Systems (GIS) version 3.3. We selected 3 km as the largest buffer
zone since it represents the dispersal range reported for some coc-
cinellids in North America (Gordon, 1985) and because characteris-
tics at this scale correlate with coccinellid richness and abundance
(Egerer, Bichier, et al., 2017).

To calculate the percent cover of each land cover type, we an-
alyzed the most recent land cover data available (2015) from the
Mexican National Institute of Statistics and Geography (INEGI)
with ArcView GIS 3.2. To reduce the number of land cover types,
we grouped vegetation types in two categories: (1) Crop vege-
tation and (2) Non-crop vegetation (see detailed information of
land type grouping in Table S2). To calculate percent of impervious
surface (buildings, asphalt, pavement), we used ENVI 5.3 for a su-
pervised classification of a Landsat 8 satellite image from January
2018 (USCG, 2018) (Figure 1). Some vegetation was replaced by
impervious surface between 2015 and 2018; so, we used com-
bined data of both maps; hence, percent impervious surface cov-
erages used for analyses were an updated version of the 2015 land

cover data.

2.5 | Other factors

In the study area, there is a dry season (March-May), a rainy sea-
son (June-October), and a “cold-dry” season known as “nortes”
(November-February; SEDATU, 2018). Assemblage composition of
coccinellids shifts seasonally (Honek et al., 2015). Thus, we included
seasonality and precipitation as possible correlates of coccinellid
richness and abundance because of their direct influence in resource
availability fluctuation. We obtained average monthly precipita-
tion data from the nearest meteorological stations of the National
Commission of Water (CONAGUA).

2.6 | Dataanalyses

We performed all analyses with statistical software R version 3.6.1
in R Studio version 1.2.5042 (RStudio Team, 2020). To estimate total
coccinellid abundance and species richness, we used pooled data
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from all capturing methods. However, to avoid accumulating biases
related to the effectiveness of different sampling methods, we only
used visual survey data for comparison of coccinellid abundance,
species richness, diversity, and species composition along the gradi-
ent; this method captured most species compared with the others
(Table S3).

2.6.1 | Species composition along the rural to
urban gradient

We visualized garden groupings along the gradient with a non-metric
multi-dimensional scaling (NMDS) ordination based on Bray-Curtis
dissimilarity of coccinellid assemblages using the “metaMDS” func-
tion. To test for significant differences in species composition along
the gradient, we performed a permutational multivariate analysis of
variance (PERMANOVA) using the “adonis” function. We used the
function “betadisper” to check for homogeneity of multivariate dis-
persion. All functions are found in the “Vegan” package (Oksanen
et al., 2019).

2.6.2 | Areurban coccinellid assemblages a
subset of rural assemblages?

To determine if gardens with lower species richness were a subset of
gardens with higher species richness, we used Nested metric based
on Overlap and Decreasing Fill (NODF; Almeida-Neto et al., 2008).
This metric yields values between 0 (no nestedness) and 100 (per-
fect nestedness) based on the presence-absence data. To estimate
the significance of overall nestedness, we compared the observed
nestedness score with that obtained from simulations (999) of a
null model performed using the “oecosimu” function in the “Vegan”
package. We followed the same procedure to determine if zones
with lower species richness were a subset of zones with larger spe-
cies richness. Species richness per zone was obtained by pooling
species data from gardens within each zone. We also evaluated beta
diversity among gardens and among zones; we used functions in the
“betapart” package (Baselga et al., 2021) to separate the nestedness
component (species loss) from the spatial turnover component (spe-
cies replacement) to evaluate their contribution to the variation of
the species composition of the assemblages as proposed by Baselga
(2010).

2.6.3 | Coccinellid abundance, species richness, and
diversity along the rural to urban gradient

Total abundance per zone was calculated by the sum of all abun-
dances from gardens embedded within zones. To analyze differences
in coccinellid mean abundance along the gradient and to account for
repeated sampling of gardens over time, we fitted a Linear Mixed-
Effect model (LMM) with the function “Imer” in the LME4 package
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(Bates et al., 2015). First, we evaluated clustering in abundance data
due to our nested design (gardens within zones of the gradient) and
date of sampling (month) through Interclass Correlation Coefficients
(ICC) with a null model that included coccinellid abundance as our
response variable and “month” and “gardens within zones” as ran-
dom effects. The variable “month” had no clustering effect and was
removed from the final model. Abundance data were transformed
(Log + 1) in the fitted model to improve model fit.

Because overall abundance differed among zones, we compared
overall species richness along the gradient with rarefied species rich-
ness. We rarefied species by randomly sampling 95 individuals using
the rarefy function in “Vegan” (Oksanen et al., 2019). To test for
differences in mean coccinellid species richness along the gradient
we used a LMM following the same procedure described for mean
abundance data. Species richness data did not require transforma-
tion. Finally, we calculated overall coccinellid diversity in different
zones using the Shannon-Wiener diversity index (H’) in “Vegan”
(Oksanen et al., 2019), and tested for mean variation along the gra-

dient using LMM and Tukey post hoc test for pairwise comparisons.

2.6.4 | Variability of predictors along the rural to
urban gradient

We analyzed variation in predictor variables (prey abundance, flower
abundance, plant diversity, temperature, relative humidity, precipi-
tation, percent coverage of crop vegetation, non-crop vegetation,
and impervious surface, and land cover diversity) along the gradient.
We used LMMs and included gardens within zones as a random ef-
fect to account for our nested study design.

2.6.5 | Local and landscape correlates of coccinellid
abundance and species richness along the rural to
urban gradient

To analyze the effect of local and landscape factors on abundance
and richness we fitted LMMs to our data points from visual sur-
veys. Local factors analyzed included flower abundance, prey
abundance, plant diversity, garden size, temperature, and relative
humidity. We calculated plant diversity using the Shannon-Wiener
diversity index (H') in “Vegan” (Oksanen et al., 2019). Landscape
factors included percentages of crop vegetation, non-crop vegeta-
tion, and impervious surface cover, and land cover diversity in the
three buffers (0.5 km, 1 km, and 3 km). We used a modified ver-
sion of the Shannon-Wiener index to calculate land cover diversity
based on the percent cover of the different land cover types. In
the model, we also included precipitation and seasons as predic-
tors. Some data required rescaling, this was done by applying a
log or log + 1 transformation. Since the global model contained
many predictor variables, we first checked for multicollinearity

through variance inflation factors (VIF) using the “vif” function in

the CAR package (Fox & Weisberg, 2019). We removed predictors
sequentially until only those with VIF <3 remained in the model.
Abundance data were transformed (Log + 1) to improve model fit.
We then subjected the global model to model selection with the
“dredge” function in the MuMlIn package (Barton, 2019) and se-
lected the model with the lowest corrected Akaike information cri-
terion (AICc) as the best model. The same procedure was repeated
to analyze species richness data. We tested potential spatial auto-
correlation of the model residuals with spatial correlograms using
the “correlog” function in the “ncf" package (Bjarnstad, 2020) and
Moran’s | statistic using the “moran.test” function in the “spdep”
package (Bivand & Wong, 2018).

3 | RESULTS

3.1 | Overall coccinellid abundance and species
richness

We collected 980 coccinellids representing 40 morphospecies
(Table 1). The greatest abundance (N) and number of species (S)
were obtained through visual surveys (N = 508, S = 36), followed
by sticky traps (N = 444, S = 26), and pan traps (N = 28, S = 14;
Table S3). Overall, rural, suburban, and urban gardens harbored 32,
28, and 19 species, respectively. We found 15 species shared by all
zones and detected 21 species absent from the urban zone (Table 1).
Ten species were exclusive to rural gardens and six were exclusive

to suburban gardens.

3.2 | Coccinellid species composition in
zones of the rural-urban gradient

The NMDS showed that urban and rural gardens formed tight
clusters (Figure 2). Each of the suburban gardens had distinct
species composition, and suburban gardens were not clustered
(Figure 2). Species composition differed along the rural to urban gra-
dient (PERMANOVA, pseudo F = 1.61, p = .03). Within group, multi-

variate dispersion was non-significant (F = 1.09, n.s.).

3.3 | Areurban coccinellid assemblages a subset of
rural assemblages?

Coccinellid species composition structure among gardens and among
zones of the rural to urban gradient was not nested (Figure 3a, b).
Observed NODF (N, = 32.2) for gardens did not differ from ex-
pected NODF (Nexp = 34.0.1, Z-value = -2.01, p = .07). The same
obs = 43.9, Noy, =
44.7,Z-value = -1.20, p = .26). We observed that the spatial turnover
= 0.66) contributed most to

the overall beta diversity in gardens (4,

pattern was observed for zones of the gradient (N

component (species replacement, £,

= 0.75), while nestedness
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method are presented

Tribe

Morphospecies

Subfamily Microweiseinae

Serangiinni

Subfamily Coccinellinae
Azyini

Brachiacanthini

Chilocorini

Chnoodini

Coccinellini

Diomini

Hyperaspidini

Scymnillini

Scymnini

Stethorini

Total

Delphastus catalinae®
Delphastus pusillus
Delphastus sp.

Azya orbigera orbigera
Brachiacantha bistripustulata
Brachiacantha sp.
Chilocorus cacti
Chilocorus nigrita®
Exochomus insatiabilis
Exochomus sp.

Exoplectra sp.

Cycloneda sanguinea sanguinea
Olla v.nigrum

Psyllobora vigintimaculata
Diomus roseicollis

Diomus sp. 1

Diomus sp. 2

Diomus sp. 3

Diomus sp. 4

Diomus sp. 5

Diomus sp. 6

Diomus sp. 7

Diomus sp. 8

Hyperaspis globula
Zagloba hystrix

Zagloba satana

Scymnus (Pullus) pulvinatus
Scymnus (Pullus) sp.
Nephaspis indus
Nephaspis sp. 1

Nephaspis sp. 2

Nephus (Scymnobius) sp. 1
Nephus (Scymnobius) sp. 2
Nephus (Scymnobius) sp. 3
Nephus (Scymnobius) sp. 4
Nephus (Scymnobius) sp. 5
Stethorus punctum picipes
Unidentified sp. 1
Unidentified sp. 2
Unidentified sp. 3

Note: Abbreviations: R, rural; SU, suburban; U, urban.

“Exotic.

Abbreviation

De_c
De_p

Az_oo
Br_b
Br
Ch_c
Ch_n
Ex_i
Ex
Exo
Cy_ss
O_vn

Ps_v

Di_1
Di_2
Di_3
Di_4
Di_5
Di_6
Di_7
Di_8
Hy_g
Za_h
Za_s
Sc_p

Sc

Ne_1
Ne_2
Nep_1
Nep_2
Nep_3
Nep_4
Nep_5
St_pp
Un_1
Un_2
Un_3

DIOTROPICA ,i°
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TABLE 1 Species of coccinellids in private domestic gardens and their respective abundance along a rural to urban gradient in
southeastern Quintana Roo, Mexico. Morphospecies were delineated through an integrative approach (see Catzim et al., 2022). Total
abundances representing pooled number of individuals from three different collecting methods and abundances from the visual search

Pooled data Visual search
R SU U Total R V) U Total
1 3 4 8 1 3 3 7
5 17 24 46 3 13 10 26
1 0 0 1 1 0 0 1
9 83 15 107 8 80 15 103
13 15 10 12
1 0 1 1 1
5 9 5 9
2 31 35 0 2 29 31
0 40 10 50 0 38 10 48
1 1 1 0 1
1 1 1 0 1
9 10 51 70 9 9 42 60
5 0 1 6 5 0
4 1 0 5 1 0 0
8 37 29 74 S 18 14 35
23 13 6 42 2 2 1 5
14 68 71 153 0 6 4 10
0 1 0 1 0 1 0 1
1 0 0 1 0 0 0 0
0 1 0 1 0 1 0 1
0 1 0 1 0 1 0 1
7 1 0 8 7 0 0 7
0 1 1 2 0 1 0 1
2 6 2 10 1 6 2 9
10 6 0 16 9 5 0 14
6 3 1 10 4 0 0 4
25 30 15 70 6 25 3 34
0 1 0 1 0 0 0 0
8 10 39 57 0 0 2 2
1 0 0 1 0 0 0 0
1 0 0 1 1 0 0 1
2 0 0 2 2 0 0 2
10 0 0 10 3 0 0 3
1 0 1 2 0 0 1 1
1 0 1 0 1 0 1
18 0 21 1 10 0 11
27 49 39 115 8 23 17 48
0 1 0 1 0 0 1
5 16 23 2
1 0 0 1 0 0 0
212 424 344 980 95 257 156 508
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FIGURE 2 Two dimensions NMDS ordination plot based on the
Bray-Curtis dissimilarity matrix of coccinellid community in 9 gardens
along a rural to urban gradient in southern Quintana Roo. R1-R3: rural
gardens; SU1-SU3: suburban gardens; U1-U3: urban gardens. Stress
type 1, weak ties. Two convergent solutions found after 20 tries

contribution was smaller (species loss, 4 = 0.10). Variation in spe-

sne
cies composition between zones was attributed mostly to species
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3.4 | Coccinellid abundance, species richness, and
diversity along the rural-urban gradient

Overall abundance in visual surveys was twice as high in the sub-
urban zone than in the rural area (Figure 4a), yet mean abundance
did not vary between zones (Wald, y> = 3.44, p = .18; Figure 4b).
Rarefied curves showed that the number of species decreased along
the gradient; with 11 more species in the rural compared with the
urban zone (25 vs. 14; Figure 4c). Yet, mean richness did not vary
between zones (Wald,;(2 = 1.13, p = .57; Figure 4d). Overall diver-
sity decreased along the rural to urban gradient (rural, H' = 2.91;
suburban, H' = 2.35; urban, H' = 2.21). Mean diversity varied along
the gradient (Wald, 2 = 81.4, p < .001); gardens in the suburban
(Tukey post hoc, Z = -8.93, p < .001) and urban (Tukey post hoc, Z =
-3.50, p =.001) zones were less diverse than those in the rural zone.
The urban zone supported higher diversity than the suburban zone
(Tukey post hoc, Z=-5.50, p < .001).

3.5 | Variability of predictor variables
along the gradient

Prey abundance, flower abundance, temperature, relative humid-
ity, and precipitation did not vary along the rural to urban gradi-
ent (Tables S4 and S5). Plant diversity increased (Wald, ;(2 = 9.60,
p < .001) and garden size decreased (Wald, )(2 = 5639, p < .001)
toward the urban zone. Plant diversity was very variable, particularly
in gardens located in the suburban zone (Table S1). Percent cover of
crop vegetation, non-crop vegetation, impervious surface, and land
cover diversity within buffer zones (0.5 km, 1 km, and 3 km) also
varied significantly (Tables S4 and S5).

3.6 | Local and landscape correlates of coccinellid
species richness and abundance

The global model after elimination of collinear factors included prey
abundance, flower abundance, plant diversity, garden size, relative
humidity, temperature, precipitation, crop vegetation within 3 km,
non-crop vegetation within 3km, impervious surface within 3 km,
land cover diversity within 3 km, and season as predictors. After
model selection, the best model that explained the variation in
abundance along the gradient included prey abundance and plant
diversity (Table 2, Table S6). Abundance was positively correlated
with prey abundance (Wald, ;{2 = 12.77, p < .001; Figure 5a) and
negatively correlated with plant diversity (Wald,;(2 =5.46,p <.019;
Figure 5b). The best model that explained the variation in richness
along the gradient included plant diversity and temperature (Table 2,
Table S6); species richness positively correlated with temperature
(Wald, 42 = 9.94, p < .01), but correlated negatively with plant diver-
sity (Wald,)(2 =4.04, p < .05; Figure 5c, d). There was no significant
evidence for spatial autocorrelation (abundance data, Moran’s | =
-1.46, p = .93; richness data, Moran’s | = -1.70, p = .96). Landscape
factors and seasonality did not influence abundance or species

richness.

4 | DISCUSSION

Our first research question addresses whether coccinellid species
composition changes along the rural to urban gradient, and our study
documents, for the first time, strong differences in tropical zones.
This corroborates several temperate studies documenting effects of
urbanization gradients on other arthropods, such as carabid beetles
(Magura & Lovei, 2021), spiders (Alaruikka et al., 2002; Magura et al.,
2010), butterflies (Bergerot et al., 2011), bees and hoverflies (Bates
et al., 2011), and studies on coccinellid abundance and diversity in
temperate and subtropical regions (e.g., Egerer, Arel, et al., 2017;
Gardiner et al., 2021; Grez et al., 2019). In general, urbanization ef-
fects on arthropods vary widely; some taxa display marked compo-
sitional changes along the gradient while others remain unchanged.
We found a clear separation of rural and urban gardens, each
grouped accordingly in multidimensional space based on the spe-
cies composition (Figure 2). According to our data, 14 of 36 coccinel-
lid species (rarefied number of species) occurred in the urban zone;
thus 61% of species were filtered out of this zone. Environmental
changes due to urbanization constitute a strong filter on species
traits (Magura & Lovei, 2021; Piano et al., 2017) restricting urban
species pools to only those species that tolerate urban conditions.
Some species absent from the urban zone were found exclusively
in the rural zone; these species could be considered urban avoid-
ers and are likely most sensitive to anthropogenic disturbances (Blair
& Launer, 1997). Egerer et al. (2018) argue that a decrease in coc-
cinellid richness and abundance in urban sites, ultimately driving as-
semblage composition, can be explained by the proportion of native
species in the community. Native species are less likely to tolerate
disturbances created by urbanization, and significant changes can
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be expected along a rural to urban gradient in assemblages where
native species are predominant. In our study, of those coccinellids
identified to species, most are native to North America, except of
Chilocorus nigrita and Delphastus catalinae. It is likely that most, if not
all, other morphospecies we found are native to the region, because
the coccinellid fauna has been poorly explored. Interestingly, both D.
catalinae and C. nigrita were present in all zones but were more abun-
dant in the urban zone: 43% of the individuals of D. catalinae and
94% of C. nigrita were collected in the urban zone with specimens
of C. nigrita representing 19% of the total abundance of coccinellids
in the urban zone. The fact that exotic species were found mainly in
the urban zone further corroborates that urbanization promotes the
establishment of non-native species (Fitch et al., 2019; McKinney,
2006). In some temperate countries, for example, coccinellid species
composition has changed from being all native to increasingly domi-
nated by exotic species (e.g., Bahlai et al., 2014; Gardiner et al., 2009;
Harmon et al., 2007). We, however, did not observe overall numeri-
cal dominance of exotic species in the coccinellid community. As the
first study on coccinellid diversity in the region, this may provide
foundational knowledge for future studies monitoring exotic species
in the community, in a region with accelerated urbanization.

Our second research question addresses the possible nested
structure of coccinellid assemblages along the rural to urban gra-
dient. We hypothesized that species-poor sites would be a subset
of species-rich sites. Contrary to our expectations, we did not find
nestedness along the gradient. Instead, species replacement was the
major driver of changes in species composition along the gradient. As
mentioned by Baselga (2010), distinguishing between components

of beta diversity has conservation implications for deciding whether
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to prioritize conservation of sites with the highest species richness
(when strong nestedness is present) or designate conservation ef-
forts to a larger number of sites. Herein, the rural zone had the most
recorded species, with 10 exclusive species, but the suburban zone,
despite lower richness, harbored six species not found in the rural
zone (Table 1). The urban zone did not host exclusive species, but
two species, Exochomus insatiablilis and Diomus sp. 8, found in this
zone were absent from the rural zone. The great majority of species
recorded exclusively in one zone were found in negligible numbers;
more sampling is needed to determine whether those species can be
considered as being resident species at a site or not. The presence
of rare species in coccinellid communities is not uncommon; com-
munities usually consist of few dominant species, several common
species, and rare species (Honek et al., 2017).

Our third research question addressed whether coccinellid
abundance, species richness, and diversity changes along the rural to
urban gradient. Mean abundance did not vary along the urbanization
gradient, but overall abundance was highest in suburban gardens.
This can be attributed to the high abundance of two species, Azya or-
bigera orbigera and Exochomus insatiabilis which contributed to 46%
of the overall abundance in this zone. These species were frequently
observed on heavily prey-infested plants; hence, this spike in abun-
dance in suburban gardens is not necessarily due to zone, but rather
influenced by periods of high prey infestation in plants of certain gar-
dens (Table S7). Likewise, mean species richness did not vary along
the gradient, but overall richness was highest in the rural zone. Both
non-significant and significant differences in richness of arthropods
have been reported between zones along a rural to urban gradient
(e.g., Alaruikka et al., 2002; Magura et al., 2004, 2010; Papastefanou
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zones along the rural to urban gradient; (d) Estimated mean +standard error of coccinellids species richness obtained through LMM. LMMs

were fitted considering data points of the visual survey only

TABLE 2 Summary of models that best predicted coccinellid abundance and species richness along the rural to urban gradient. Linear
Mixed-effect Models with garden as random effect were fitted to data points from visual surveys. Significant predictors according to Wald

4 test are in bold

Variable

response Predictors Estimate

Abundance (Intercept) 2.41
Prey abundance (log transformed) 0.13
Plant diversity -0.53

Richness (Intercept) 0.91
Plant diversity -0.41
Temperature 0.04

et al.,, 2015); however, several studies do document declines in ar-
thropod richness with urbanization (e.g., Bates et al., 2011; Egerer
et al., 2018; Fenoglio et al., 2020; Ishitani et al., 2003; Piano et al.,
2020; Sadler et al., 2006; Weller & Ganzhorn, 2004). We observed
that coccinellids in urban gardens represented only 39% (rarefied) of
the species in the overall community; but both the small number of
gardens sampled and high spatial species replacement may account
for the lack of difference in mean species richness between zones.

Std. 97.5%
Error Df t p 2.5% Cl Cl

0.70 8.46 3.43 .001 1.03 3.79
0.04 107 3.57 <.001 0.06 0.20
0.23 7.30 -2.34 .019 -0.97 -0.08
0.75 15.2 1.22 .22 -0.55 2.38
0.21 7.00 -2.01 .04 -0.81 -0.01
0.01 119 3.15 .002 0.02 0.07

More studies are needed to understand how urbanization affects
the physical and biotic environment for coccinellids in the tropics.
In general, insect abundance tends to increase in city greenspaces
relative to less transformed landscapes due to higher abundance of
synanthropic generalist species and resource concentration (Faeth
et al., 2011; Shochat et al., 2006). Contrary to our prediction, sub-
urban gardens, with moderate disturbance levels, were not more

diverse and our data do not support the intermediate disturbance
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hypothesis (Connell, 1978). This supports other analyses showing
that even within a taxonomic group, individual species respond dif-
ferently to urbanization gradient (Magura & Lévei, 2021).

Our fourth research question addressed the local and landscape
correlates of coccinellid species richness and abundance. Overall,
only local factors were important correlates of coccinellid species
richness and abundance. Previous studies report influences of both
or just local or landscape factors but differ in the spatial extent at
which urbanization was assessed, and in the climatic range of areas
under study (Egerer, Bichier, et al., 2017; Egerer et al., 2018; Grez
et al., 2019). For example, our results are at odds with those of Grez
etal. (2019) who found that local variables were not important predic-
tors of coccinellids in urban green spaces in Santiago, Chile, which ex-
periences a Mediterranean type of climate. Similarly, no relationship
was found between local vegetation variables, aphid prey abundance,
and exotic coccinellid abundance; however, local variables were pre-
dictive of native coccinellid distribution in vacant land in Cleveland
(Parker et al., 2020). We observed a positive correlation between
prey abundance and coccinellid abundance. An increase in prey avail-
ability meets one of the requirements for predaceous coccinellids to

oviposit and correlates with increased abundance (Nedvéd & Honék,
2012). Plant diversity correlated negatively with both coccinellid spe-
cies richness and abundance, which may be linked to the presence of
several plants with few or no flowers in some gardens; some coccinel-
lids use pollen as alternative food sources to complete development
(Lundgren, 2009). Moreover, some gardens with high plant diversity
contained plants that do not host coccinellid prey; hence, a cascade
effect could explain the negative correlation observed. Temperature
correlated positively with coccinellid species richness along the gra-
dient. Temperature influences coccinellid longevity, reproduction,
growth, and development (Nedvéd & Honék, 2012), all of which can
influence coccinellid presence.

In both crop fields and city landscape studies, the configuration
and diversity of land use surrounding studied areas predict cocci-
nellid abundance and diversity, yet the strength and importance of
landscape variables is context dependent, varying as a function of
the spatial scale considered, local variables (Egerer, Arel, et al., 2017;
Egerer et al., 2018), and even trophic guilds (Maisonhaute & Lucas,
2011; Parker et al., 2020). For example, in urban landscapes, gardens
surrounded by less natural area had higher coccinellid abundance
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and richness (Egerer, Bichier, et al., 2017), while percent natural veg-
etation boosted native coccinellid abundance and diversity in alfalfa
crop fields (Grez et al., 2021). In addition, contrasting regional (geo-
graphical) responses to urbanization have been found when compar-
ing coccinellid assemblages between temperate cities (Egerer et al.,
2018). In our study, landscape variables did not affect coccinellid
abundance or richness. This may be due to a limited number of study
sites, the urbanization history of the city studied which ultimately
determines the distinctiveness of the urban environment (see Parker,
2015), and/or the resolution of the land cover data. As signaled in
other studies, resolution of available satellite images does not allow
to differentiate small green spaces in highly heterogeneous urban
environments (Egerer, Arel, et al., 2017; Egerer, Bichier, et al., 2017);
such green areas may provide further connectivity across the land-
scape matrix (Parker et al., 2020). Future research should study how
landscape factors influence coccinellid assemblages in the tropics,
including studies addressing life history strategies or feeding guilds.

5 | CONCLUSION

This study contributes to the scarce literature regarding changes in
coccinellid species composition, abundance, species richness, and
diversity along a rural to urban gradient in tropical regions. We dem-
onstrated that coccinellid species composition changes along the ur-
banization gradient, and that urbanization filters out several species
which can be found in the rural and suburban areas. The conserva-
tion of coccinellid species from all zones of the rural to urban gradi-
ent seems equally important, as significant spatial species turnover
was detected. This replacement of species along the gradient can,
in part, explain why mean species richness was unaffected. The
present study also provides further evidence that gardens in highly
urbanized areas can represent valuable refuges for coccinellids. Our
findings represent an opportunity to address coccinellid conserva-
tion in urban green spaces in the tropics.
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