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Abstract. Green spaces represent the only natural areas in several cities around the world, providing good 
shelters for the local fauna. Based on this premise, many ecological studies have been conducted focused on 
these areas. Most of these works are about insects, particularly butterflies and beetles. Our study is centered 
on a different group: green lacewings (Neuroptera: Chrysopidae). These insects exhibit a similar feeding 
behavior to some other groups, such as beetles. We estimated diversity, richness, distribution, abundance 
and similarity employing two methods: sweep netting and suction trapping. Also, oviposition hosts were 
identified in 20 different green spaces. Approximately 740 specimens were collected representing 15 species 
in five genera. Seven species are new state records for Yucatán, Mexico. We identified about 300 species of 
plants, if which 75 are considered ovipositional associated hosts. Our work is the first of its kind, employing 
green lacewings in an urban ecological model and additionally providing new information about chrysopids 
in South Mexico. We encourage the conduct of similar studies not only in Mexico but also in other Central 
and South American countries.
Key words. Urban ecology, ovipositional associated hosts, richness, chrysopids, distribution.
ZooBank registration. urn:lsid:zoobank.org:pub:2EDE9BDC-ECDD-4613-82A0-36C6877DD6A7

Introduction
A worldwide problem in urbanized areas is the reduction of natural green spaces. This in turn decreases and alters 
the biodiversity associated with these areas (Blair 2001; Brown and Freitas 2002; Aronson et al. 2014). Mexico 
is no exception to this rule. Over one half of its territory has undergone some kind of land use change, which in 
turn has drastically altered natural ecosystems (Soto-Pinto 2008; Chavez-Zichinelli et al. 2010). Despite remark-
able changes in the landscape some small natural areas called “green spaces” remain that provide recreational 
opportunities for humans as well as refuges for local flora and fauna (Niemelä 2014; Banaszak-Cibicka et al. 
2016). A common misconception is the assumption that rural areas in Mexico contain higher biodiversity than 

https://zoobank.org/urn:lsid:zoobank.org:pub:2EDE9BDC-ECDD-4613-82A0-36C6877DD6A7
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urban areas, but a high percentage of rural areas in this country are used for agricultural activities. Agricultural 
practices, especially high-density farming, can severely alter or destroy entire ecosystems (Ramirez-Restrepo and 
Halffter 2013; Ramirez-Restrepo and MacGregor-Fors 2017). While many ecologists are dedicated to the study 
and preservation of natural areas, few have studied the flora and fauna of urban green spaces. These spaces some-
times present higher biodiversity than do agroecosystems (McKinney 2002; Koh and Sodhi 2004). Because green 
spaces can include both native and exotic and ornamental vegetation the mixture can accordingly influence the 
insect diversity (Uno et al. 2010). One of the groups showing affinity for urban green spaces are insects (Raupp 
et al. 2010; van Heezik et al. 2016). Of these the butterflies (Lepidoptera) represent the most successful model for 
adaptability in urban ecology (Oliveira et al. 2018; Aguillera et al. 2019; Sing et al. 2019). However, this preference 
does not apply to all members of the class Insecta, making it necessary to continue studying these kinds of habitats.

The green lacewings (Order Neuroptera; family Chrysopidae) have a worldwide distribution, and they are 
well represented in Mexico (Fig. 1). Because both larval and adult green lacewings are predatory, they have been 
widely used as biocontrol agents, including urban areas (Nair et al. 2020). They are ecologically reminiscent of 
butterflies in that there is a shift food preference from larval to adult forms. Chrysopid larvae are exclusively pre-
dacious on small invertebrates while adults feed on other insects, pollen, nectar, and insect honeydew (Devatak 
and Klokocovnik 2016; Ye et al. 2017; Koczor et al. 2019). Female lacewings also are very selective as to their 
choices of oviposition sites on plants (Clark and Messina 1998). In addition to their previously noted behaviors, it 
has been observed that a high diversity of chrysopids can be an indicator of good environmental health in many 
terrestrial ecosystems (Thierry and Canard 2007; Deloya and Ordoñez-Resendiz 2008).

The family Chrysopidae currently includes about 1,400 species and subspecies, divided into three subfami-
lies and 82 genera (Garzón‐Orduña et al. 2019; Oswald 2023). So far, 100 species in 17 genera have been recorded 
in Mexico (Tauber and De León 2001; Contreras-Ramos and Rosas 2014; Cancino-López and Contreras-Ramos 
2019; Oswald 2023). Many of these have not been found in other countries, and yet this family is less well known 

Figure 1. Ceraeochrysa claveri Navás. the most abundant species in the green places in Mérida.
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in Mexico than some other insect groups (Valencia-Luna et al. 2006). In the case of the Yucatán state of Mexico, 
there have been few studies on the Neuroptera, including the green lacewings.

The present study was undertaken to increase the knowledge of the ecology of chrysopids in urban eco-
systems in Mexico, and further raise awareness on their importance in those places with respect to the overall 
faunal diversity. This work is the first study of urban ecology using chrysopids as a model. We also present the first 
checklist of ovipositional associated hosts for green lacewings anywhere.

Materials and Methods
Study area. The study area was located in Mérida, the capital city of Yucatán state, Mexico (20°06′06″N, 89°02′ 
39″W; Fig. 2). Mérida has 541 green spaces, including urban parks, gardens and sport centers. These vary consid-
erably in structure and plant composition (Ayuntamiento de Mérida 2018). Within this area, we collected green 
lacewings from 20 green spaces (Table 1). The climate in this zone is tropical subhumid with a summer rainy 
period and a long winter dry season. The total annual precipitation is about 1024.1 mm, and maximum rainfall 
typically occurs from June to September. The annual average temperature is 26.5°C; the warmest month is May, 
while the coolest month is December (14.8°C; CONAGUA 2015).

The plant species most common in the green spaces are Sabal yapa Wright ex Beccari, Rhrinax parviflora 
Swartz, Yucca elephantipes var. ghiesbreghtii Molon, Delonix regia (Bojer ex Hooker) Rafinesque, Enterolobium 
cyclocarpum (Jacquin) Griesbach, Guazuma ulmifolia Lamarck, Brosimum alicastrum Swartz, Ficus benjamina 
Linnaeus, Ficus elastica Roxburgh, Leucaena leucocephala (Lamarck) de Wit, Lysoloma latisiliquum (Linnaeus) 

Figure 2. Locality of study area and sampling sites in Mérida Municipality, Yucatán, Mexico. UA=Urban area, 
RA= Rural area. Western sites=Red, Northern sites=Yellow, Eastern sites=Blue, Southern sites=Purple, Central 
sites=Green.
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Table 1. Green lacewing sampling sites in Mérida, Yucatán, Mexico.

Site Sampling site characteristics Acres  Plant 
species Coordinates

JBRC Jardín Botánico Regional del 
CICY

Conserved zone of tropical dry deciduous 
forest with artificial aquifer

6.2 322 21°02′38″N, 
89°38′22″W

PZC Parque Zoológico Del 
Centenario

Wooded areas with recreational areas and 
fountains

22.2 203 20°58′7.19″N, 
89°38′25.72″W

ZAD Zona Arqueológica Dzoyilá Archaeological area with shrubbery 19.8 194 20°56′17.77″N, 
89°35′41.36″W

PEP Parque Ecológico del 
Poniente

Wooded areas with recreational areas and 
artificial ponds

12.4 142 20°58′34.15″N, 
89°39′26.44″W

APV Acuaparque de Vergel Wooded areas, with aquatic and flood 
vegetation, artificial lagoon and public 
pools

24.7 101 20°56′50.10″N, 
89°34′40.34″W

FDP Fraccionamiento del Parque Wooded areas with recreational areas and 
archaeological area

24.2 98 20°58′7.53″N, 
89°35′8.68″W

PHS Parque Hundido del Sur Wooded areas with recreational areas 3.5 93 20°54′41.34″N, 
89°38′4.80″W

EPJ Parque Japonés Shrubbery with recreational areas and 
artificial pond

6.2 87 20°57′24.65″N, 
89°39′39.35″W

PCI Parque Chichen Itza Wooded areas with recreational areas 2.5 83 20°57′50.20″N, 
89°34′50.09″W

PJDN Parque Jardines del Norte Wooded areas with recreational areas 2.5 77 21°0′51.07″N, 
89°34′7.90″W

PHB Parque Hundido de Brisas Wooded areas with recreational areas and 
artificial pond

2.5 74 20°59′31.09″N, 
89°35′0.17″W

PCM Parque de la Colonia México Wooded areas with recreational areas and 
fountains

2.5 72 20°59′53.33″N, 
89°36′35.83″W

PLA Parque de Las Américas Wooded areas with concrete corridors, 
artificial aquifer and fountains

9.9 69 20°59′14.59″N, 
89°37′56.26″W

PDLJ Parque de La Juventud Wooded areas with recreational areas 3.5 67 21°0′34.40″N, 
89°35′59.61″W

PSAX Parque San Arturo Xluch Wooded areas with recreational areas 2.5 66 20°55′10.63″N, 
89°38′21.76″W

PLJ Parque La Joya Wooded areas with recreational areas 2.5 55 20°56′40.53″N, 
89°41′29.76″W

PFM3 Parque de Francisco de 
Montejo III

Wooded areas with recreational areas 3.2 32 21°2′14.23″N, 
89°38′43.41″W

PCA Parque de la Colonia Alemán Wooded areas with recreational areas and 
fountains

6.7 22 20°59′28.66″N, 
89°36′5.61″W

PSJ Parque San Juanistas Wooded areas with recreational areas 2.5 21 21°0′34.13″N, 
89°37′3.48″W

PPG Parque de la Plaza Grande Wooded areas with recreational areas 2.5 9 20°58′1.38″N, 
89°37′25.47″W
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Bentham, Citrus aurantifolia Swingle, Citrus aurantium Linnaeus, Murraya paniculata (Linnaeus) Jack, Manilkara 
zapota (Linnaeus) van Royen, and Cedrela odorata Linnaeus (Orellana et al. 2007). 
Sampling sites and site characterization. We selected 20 different green spaces with relatively high abundance 
and diversity of vegetation, but also with varied composition. The sites were chosen taking into account the three 
vegetational strata (trees including palms, shrubs, and herbaceous plants). Sites were also chosen in five areas of 
the city: northern, southern, eastern, western and central. The sites also had to cover an area at least 100 × 100 
m (Table 1). We identified only species of deciduous trees, shrubs, and palms since the green lacewings were 
most common on these. The ovipositional plants were identified with field guides such as Carnevali et al. (2010). 
Specimens that could not be identified in the field were collected, pressed, and dried for identification. We made 
those determinations using the websites of the Missouri Botanical Garden (2022) and the Centro de Investiga-
cion Cientifica de Yucatán A. C. (Herbario-CICY, 2010). Tentative identifications were then confirmed using the 
U Najil Tikin Xiw herbarium in that institution.
Green lacewings. We sampled the 20 sites for an entire year from March 2010 to February 2011 in order to maxi-
mize information related to total diversity, distribution and abundance of the chrysopid faunas. Since the parks 
varied in size, we made a quadrant of 100 × 100 m. We sampled for five days in each month. We split the days 
into two working periods, two sites in the mornings (8:00–11:00) and two in the afternoon (15:00–18:00) with 
an hour to move from one site to another. We used two collecting methods to capture lacewings: sweep netting 
and suction trapping. These are considered to be the best methods for collecting lacewings (Ábrahám et al. 2003).

We employed a portable vacuum as a suction trap (Dirt Devil AccuCharge Hand Vac®) to avoid damaging 
the lacewings, which were immediately after sampling. Plants chosen randomly were sampled for 10 minutes 
each for the whole study (120 plants per month). Adult specimens were killed using Ethyl acetate and placed in 
glassine envelopes, and larvae were put in vials containing 95% ethanol (Agnew 1983). Larvae and adults were 
identified available literature addressing green lacewing (Banks 1945, 1948; Brooks and Barnard 1990; Penny et 
al. 2000; Stange 2000; De Freitas and Penny 2001; López-Arroyo 2007; Tauber et al. 2000, 2001; Tauber 2003, 
2004; De Freitas et al. 2009; Silva et al. 2013). Larvae that were difficult to identify to species were kept alive and 
reared to adults using brown citrus aphids (Toxoptera citricida Kirkaldy) as food. Identifications were confirmed 
by personnel at the Biological Control Research Laboratory of the Instituto Nacional de Investigaciones Fores-
tales, Agricolas y Pecuarias (INIFAP), General Teran Experimental Field Station. All specimens were deposited 
in the entomological collection at the Instituto Tecnologico de Conkal (ITC).
Statistical analyses. Species richness was determined by counting the number of species per site, while the abun-
dance was determined by considering the number of individuals of each species for each species. Abundance 
estimates were transformed using Log-10 to estimate rank abundance curves (Whittaker 1965; Barrientos et al. 
2016). The diversity from each site was rarefied and extrapolated applying the Hill numbers (q0 = Richness, q1 
= Shannon diversity, q2 = Simpson diversity) with 1000 Bootstrap runs, and standardized by means of a sample 
coverage in the R package iNEXT (Chao and Jost 2012; Chao et al. 2014; Barrientos et al. 2016; Hsieh et al. 2016).

To determine the similarity pattern among collecting sites through abundances, we performed an 
unweighted pair group method with arithmetic mean (UPGMA) using as distance the Bray-Curtis Index to 
decrease double zero effect as mentioned by Zuur et al. (2007). f or this we used PAST 4.03 (Hammer et al. 2001).

An ombrometric diagram was created to visualize any correlation between the climatic variables (total 
monthly rainfall, average monthly temperature, and average extreme maximum and minimum temperature) and 
ecological variables (richness and abundance). We test all the variables using the Pearson correlation coefficient 
and to assess the correlation between the environmental and ecological variables, we conducted a Canonical 
Correspondence Analysis (CCA) using PAST 4.03 (Hammer et al. 2001) and running 1000 permutations to 
determine the significance of the model.

Results
Diversity, distribution, and abundances. We collected 738 specimens that represented 15 species in five genera. 
Seven of the species were not previously recorded from the Yucatán (Table 2). The genus Ceraeochrysa Adams 
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Table 3. Abundance and richness of green lacewing species at Mérida sampling sites.

Species PE
P

EP
J

PL
J

PZ
C

A
PV

PH
S

PS
A

X

ZA
D

FD
P

PC
I

PH
B

PJ
D

N

PC
A

PC
M

PL
A

PP
G

JB
RC

PF
M

3

PD
LJ

PS
J

To
ta

l

Ce. ci 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 1 0 0 5
Ce. cl 6 7 10 25 19 13 24 9 10 19 9 19 3 7 10 11 32 11 10 6 260

Ce. co 5 8 5 15 5 6 26 5 8 9 8 7 1 13 11 2 36 7 5 4 186

Ce. cu 0 0 0 1 2 1 0 0 2 2 0 1 4 0 0 0 1 0 0 0 14

Ce. sa 0 0 0 0 0 1 1 0 1 0 0 0 0 0 0 0 1 0 0 0 4

Ce. sm 0 0 1 1 0 1 1 1 0 1 1 2 0 0 3 0 3 0 1 0 16

Ce. sp 10 3 0 23 6 5 17 6 10 4 4 7 8 1 9 4 28 2 0 6 153

Ce. va 3 0 2 1 0 2 1 0 0 1 1 0 0 1 1 0 2 0 2 0 17

Ch. eo 0 1 1 2 1 1 0 2 1 0 0 1 1 1 1 0 1 0 1 0 15

Ch. et 0 0 1 1 0 1 2 0 2 3 0 1 0 0 0 0 1 0 1 0 13

Ch. ru 0 0 1 4 1 2 1 0 0 2 0 0 0 0 1 0 4 0 1 0 17
Ch. sp. 0 2 0 1 0 1 2 0 0 1 0 0 0 0 0 0 2 0 0 2 11

Le. fl 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1

Le. sp. 2 0 2 2 0 0 0 0 1 0 1 1 0 1 0 0 3 0 2 0 15

Pl. br 0 0 0 1 0 2 1 1 3 1 0 1 0 0 0 0 1 0 0 0 11

Abundance 27 21 23 77 34 36 76 24 38 43 24 40 17 24 36 18 118 21 23 18 738

Richness 6 5 8 12 6 12 10 6 9 10 6 9 5 6 7 4 15 4 8 4 15

Table 2. Species of Chrysopidae observed during the 2010–2011 sampling period in 
Mérida, Yucatán. *=new state record.

ID # Species abbr. Species 

1 Ce. ci Ceraeochrysa cincta (Schneider)
2 Ce. cl Ceraeochrysa claveri (Navás)

3 Ce. co Ceraeochrysa cornuta (Navás)

4 Ce. cu Ceraeochrysa cubana (Hagen)

5 Ce. sa Ceraeochrysa sanchezi (Navás)*

6 Ce. sm Ceraeochrysa smithi (Navás)*

7 Ce. sp Ceraeochrysa sp. nr. cincta (Mexico) (Schneider)

8 Ce. va Ceraeochrysa valida (Banks)

9 Ch. eo Chrysoperla exotera (Navás)*

10 Ch. et Chrysoperla externa (Hagen)*

11 Ch. ru Chrysoperla rufilabris (Burmeister)

12 Ch. sp. Chrysopodes sp.* 

13 Le. fl Leucochrysa floridana Banks*

14 Le. sp. Leucohrysa sp. *

15 Pl. br Plesiochrysa brasiliensis (Banks)
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was represented by eight species, followed by Chrysoperla Steinmann (three species) and Leucochrysa Banks 
(two species). The three most abundant species in our samples were Ceraeochrysa claveri Navas (260 specimens), 
Ceraeochrysa cornuta Navas (186 specimens), and Ceraeochrysa sp. nr. cincta (Schneider) (153 specimens). The 
three species least represented were Ceraeochrysa cincta (Schneider) (Five specimens), Ceraeochrysa sanchezi 
(Navas) (Four specimens), and Leucochrysa floridana Banks (One specimen) (Table 3).

Throughout the collecting process we found three green lacewing species that appeared every month of the 
year: Ceraeochrysa claveri, Ceraeochrysa cornuta, and Ceraeochrysa sp. nr. cincta, while Ceraeochrysa sanchezi, 
Chrysoperla exotera Navas, Leucochrysa floridana and Plesiochrysa brasiliensis (Schneider) were each found in 
only one month. There were two periods of time during which abundance increased considerably, and which also 
showed the greatest richness. The first period was from March (Five species, 79 specimens) to April (Seven spe-
cies, 82 specimens). The second period lasted three months: September (Eight species, 107 specimens), October 
(Eleven species, 180 specimens) and November (Seven species, 99 specimens). The remaining months yielded 
only three species with low abundance: < 40 specimens (Fig. 3).

The collecting sites that showed the highest abundance and richness were the Jardin Botanico Regional 
del CICY (JBRC) (Fifteen species, 118 specimens), the Parque Zoologico del Centenario (PZC) (Twelve species, 
77 specimens), and the Parque San Arturo Xluch (PSAX) (Twelve species, 76 specimens) (Table 3). These were 
followed by the Parque Hundido del Sur (PHS), Parque Chichen Itza (PCI) and the Parque Jardines del Norte 
(PJDN), all of which had high diversity but low abundance. Lowest richness and abundance were recorded in the 
Parque de Francisco de Montejo III (PMF3), the Parque de la Plaza Grande (PPG), and the Parque San Juanistas 
(PSJ) with four species and from 18 to 21 specimens each (Table 3).
Correlation between climatic and ecological variables. We determined that during the coldest and hottest 
months the richness and abundance decrease considerably. Likewise, this occurred during the rainy season. The 
highest temperature was recorded in May (37.6°C) while lowest temperature occurred in December (14.8°C). 
Rainfall was greatest between May and September. There were two periods when the abundance and richness 
increased considerably: March to April and September to November (Fig. 3). The Pearson correlation coefficient 
showed a negative correlation between environmental variables and species abundance (Fig. 4). This negative 
correlation between these two variables was corroborated by the CCA as well (Fig. 5). Also, the axis 1 showed to be 
the most explanatory (eigenvalue = 0.060671, % = 99.93), while the axis 2 is very low (eigenvalue = 4.0682E-05, % = 
0.06701). Similarly, the axis 1 was not significant (P = 0.766) as a result of no correlation between the two datasets.

Figure 3. Relationship among climatic variables, abundances and richness of green lacewings of Mérida City, through the 
sampling months. Abu-Chr = Abundance of Chrysopidae, Sp. R. = Species richness, AMR = Total monthly rainfall, Ave-T 
= Monthly average temperatures, Hig-T = Monthly average high temperatures, Low-T = Monthly average low temperatures.
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Our rarefaction/extrapolation analysis resulted in a general sampling representability and coverage of 91% 
from the total of observed species in every site (Table 4). The results by zones were slightly different: eastern sites 
(92%), western sites (90%), central sites (90%), northern sites (93%), and southern sites (91%) (Fig. 6–10, Table 
4). On the other hand, the diversity profiles showed that highest diversity is presented by FDP and PCI in the 
eastern sites (Fig. 6, Table 4), PZC for the western sites (Fig. 7, Table 4), JBRC in the northern sites (Fig. 8, Table 
4), and PHS in the southern sites (Fig. 9, Table 4). All of the central sites presented a low diversity profile with PLA 
being slightly higher than the other sites (Fig. 10, Table 4). 

In the assemblage of green lacewings, we found six different groups of sites. The most distant (<40%) is the 
Parque de la Colonia Aleman (PCA), which is represented by the lowest diversity of plants and number of indi-
vidual plants. The second group is formed by APV, PJDN, PCI, PHS, FDP, and PLA, which present a low diversity 
of plants (~70%). The third group consist of ZAD, PSJ, and PEP showing a remarkable vegetation diversity, but 
trees and shrubs are notably distant one to each other (~67.5%). It is worth mentioning that these green spaces 
are rarely receive lawn care. On the other hand, the fourth group that contains PPG, PFM3, EPJ, PHB, and PCM 
have similar vegetation that those in the third group, but they receive lawn care weekly (~67.5%). PLJ and PDLJ 
form the fifth group with low plant diversity (~60%). Finally, the last group is comprised of JBRC, PZC, and PSAX 
represented by the largest diversity of plants with daily lawn care (~50%) (Fig. 11). 
Vegetation composition. During this study we identified 322 species of plants (trees, shrubs, and palms), of 
which 75 species of ovipositional associated hosts distributed among native, ornamental and fruit trees repre-
senting 30 families and 65 genera. Despite we proposed three vegetational strata, we could not find chrysopids 

Table 4. Ecological measurements of green lacewings for each sampling site in Mérida.

Sampling 
sites Samples Richness Abundance Sample 

coverage
Diversity

q = 0 q = 1 q = 2

PEP 12 6 27 0.97 6 4.8 4.2
EPJ 12 5 21 0.96 5 4 3.5
PLJ 12 12 23 0.83 8 5.3 3.9
PZC 12 8 77 0.92 12 5.6 4.2
APV 12 6 34 0.94 6 3.6 2.7
PHS 12 12 36 0.84 12 7.5 5.2
PSAX 12 10 76 0.93 10 4.7 3.7
ZAD 12 6 24 0.92 6 4.5 3.9
FDP 12 9 38 0.92 9 6.2 5.1
PCI 12 10 43 0.91 10 5.6 3.9
PHB 12 6 24 0.88 6 4.2 3.5
PJDN 12 9 40 0.88 9 4.8 3.4
PCA 12 5 17 0.88 5 3.8 3.2
PCM 12 6 24 0.83 6 3.4 2.6
PLA 12 7 36 0.92 7 4.8 4.1
PPG 12 4 18 0.95 4 2.8 2.3
JBRC 12 15 118 0.95 15 6.1 4.4
PFM3 12 4 21 0.96 4 2.9 2.5
PDLJ 12 8 23 0.83 8 5.3 3.9
PSJ 12 4 18 1.00 4 3.7 3.5

Estimates 240 15 738 0.91      
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Figure 6. Rarefaction/extrapolation. A) Sample-size-based rarefaction and extrapolation sampling curve. B) Sample com-
pleteness curve. C) Coverage-based rarefaction and extrapolation sampling curve. D) Estimated diversity profiles for each 
sampled eastern site in Mérida.

Figure 7. Rarefaction/extrapolation. A) Sample-size-based rarefaction and extrapolation sampling curve. B) Sample com-
pleteness curve. C) Coverage-based rarefaction and extrapolation sampling curve. D) Estimated diversity profiles for each 
sampled western site in Mérida. 
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Figure 8. Rarefaction/extrapolation. A) Sample-size-based rarefaction and extrapolation sampling curve. B) Sample com-
pleteness curve. C) Coverage-based rarefaction and extrapolation sampling curve. D) Estimated diversity profiles for each 
sampled northern site in Mérida. 

Figure 9. Rarefaction/Extrapolation. A) Sample-size-based rarefaction and extrapolation sampling curve. B) Sample com-
pleteness curve. C) Coverage-based rarefaction and extrapolation sampling curve. D) Estimated diversity profiles for each 
sampled southern site in Mérida. 
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Figure 10. Rarefaction/Extrapolation. A) Sample-size-based rarefaction and extrapolation sampling curve. B) Sample com-
pleteness curve. C) Coverage-based rarefaction and extrapolation sampling curve. D) Estimated diversity profiles for each 
sampled central site in Mérida City. 

Table 5. Checklist of ovipositional associated hosts for green lacewing species listed in Table 2. F= Fruit tree, N= Native, O= 
Ornamental plant.
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AGAVACEAE    
Agave sisalana (Perrine) O 1 1
Beaucarnea pliabilis (Baker) O 7 7
Tradescantia pallida (Rose) 
(D.R.Hunt)

O 3 3

Yucca elephantipes (Baker) O 1 5 6
ANACARDIACEAE
Mangifera indica (Linnaeus) F 1 1
Metopium Brownei (Jacq.) N 6 3 9
Spondias mombin (Linnaeus) N 6 6
ANNONACEAE
Annona cherimola (Mill.) F 3 3
Annona muricata (Linnaeus) F 1 1
Annona squamosa (Linnaeus) F 2 7 9
APOCYNACEAE
Plumeria obtusa (Linneaus) O 5 5
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Plumeria rubra (Linneaus) N 1 2 3 7 1 6 1 21
Cascabela gaumeri (Hemsl.) 
Lippold.

N 1 4 1 2 8

ARACEAE
Monstera deliciosa (Liebm.) O 1 1 2
ARECACEAE
Chamaedorea seifrizii (Burret) O 1 1
Sabal yapa (Wright ex Becc.) O 14 18 1 7 15 2 57
Thrinax parviflora (Sw) O 3 4 1 3 1 15 27
BIXACEAE
Bixa orellana (Linnaeus) N 1 1
BORAGINACEAE
Bourreria pulchra (Millsp) N 1 1 2
Cordia dodecandra (A. DC) N 1 1 2
Ehretia tinifolia (A. DC.) N 2 2
BURSERACEAE
Bursera simaruba (Linnaeus) N 2 2
CARICACEAE
Carica papaya (Linnaeus) F 1 1
CELASTRACEAE
Hippocratea volubilis (Linnaeus) O 1 1
COMBRETACEAE
Terminalia catappa (Linnaeus) O 1 1 2
Terminalia oblonga (Ruiz & Pav.) O 2 2
CONVOLVULACEAE
Ipomoea heterodoxa (Standl. & 
Steyerm.) 

N 1 2 3

EBENACEAE
Diospyros digyna Jacq N 1 1
EUPHORBIACEAE
Acalypha gaumeri (Pax & Hoff-
mann) 

N 3 3

Cnidoscolus aconitifolius (Mill.) 
I.M. Johnst.

N 1 1

Croton arboreus (Millsp.) N 5 5
Jatropha curcas (Linnaeus) N 1 1
FABACEAE
Acacia collinsii (Safford) N 1 1
Acacia gaumeri (Blake) N 1 1
Acacia pennatula (Schlecht. & 
Cham.) (Benth.) 

N 3 3
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Acaciella angustissima (Mill.) 
Britton & Rose 

N 1 1

Apoplanesia paniculata (Presl.) N 2 1 3
Bauhinia divaricata (Linnaeus) N 3 3
Caesalpinia pulcherrima (Lin-
naeus) (Swartz)

O 5 5

Caesalpinia mollis (Kunth) 
Spreng.

N 1 4 5

Delonix regia (Bojer ex Hook.) 
(Raf.)

O 1 1

Desmanthus virgatus (Linnaeus) N 4 1 5
Enterolobium cyclocarpum 
(Jacq.) (Griseb.)

N 1 1

Leucana leucocephala (Lam.) 
(De Witt)

N 1 6 7

Lysiloma latisiliquum (Lin-
naeus) (Benth.)

N 5 1 6

Piscidia piscipula (Linnaeus) N 1 1
Pithecellobium dulce (Roxb.) 
Benth

N 6 6

HERNANDIACEAE
Gyrocarpus jatrophifolius 
Domin

N 1 1

MALPIGHIACEAE 1 1
Byrsonima crassifolia (Linnaeus) 
(HBK)

N

MALVACEAE 1 1
Ceiba pentandra (Linnaeus) 
(Gaertn)

N

Guazuma ulmifolia (Lam.) N 1 47 19 1 17 1 9 3 4 2 1 105
Hibiscus rosa sinensis (Lin-
naeus)

O 1 6 7

Thespesia populnea (Linnaeus) O 1 1
MELIACEAE 1 1 2
Cedrela odorata (M. Roemer) O
MORACEAE 1 1 1 3 1 1 8
Brosimum alicastrum (Swartz) O
Cecropia obtusifolia (Bertol) N 1 1 2
Ficus benjamina (Linnaeus) O 4 1 5
Ficus elastica (Roxb) O 6 3 9 1 19
Ficus benjamina ‘Variegata’ 
(Linnaeus)

O 2 3 5
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Host plant
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MUSACEAE
Musa X paradisiaca (Linnaeus) F 3 1 4
PASSIFLORACEAE
Passiflora foetida L. N 1 1
POLYGONACEAE
Coccoloba uvifera (Linnaeus) N 1 1 1 15 18
RUBIACEAE
Alseis yucatanensis (Standley) N 1 1
Hamelia patens (Jacq.) N 2 2
Morinda citrifolia (Linnaeus) O 1 1
RUTACEAE 
Citrus aurantifolium (Linnaeus) F 53 36 4 3 6 4 6 2 3 11 128
Citrus aurantium (Linnaeus) F 67 29 2 20 5 4 3 1 131
Citrus maxima (Linnaeus) F 1 9 2 12
Citrus nobilis (Linnaeus) F 1 17 3 21
Muralla paniculata (Linnaeus) O 1 1 2
SAPINDACEAE
Cardiospermum corindum (Lin-
naeus)

N 1 1 1 3

SAPOTACEAE
Manilkara zapota (Linnaeus) (P. 
Royen) 

F 1 1

Pouteria zapota (Jacq.) F 1 7 8
SOLANACEAE
Solanum erianthum (D. Don) N 1 1
ULMACEAE
Trema micrantha (Linnaeus) 
(Blume) 

N 1 1 2

Grand total   5 260 186 14 4 16 153 17 15 13 17 11 1 15 11 738

on herbaceous plants with the only exception of Musa × paradisiaca (Linnaeus). The greatest number of species 
were native (40 species), next the ornamentals (23 species), while the fewest species were fruit trees (12 species). 
The most abundant plant species were Citrus aurantifolia Swingle, Citrus aurantium Linnaeus, Ficus benjamina 
Linnaeus, Ficus elastica Roxburgh, Guazuma ulmifolia Lamarck, Gymnopodium floribundum Rolfe, Leucaena 
leucocephala (Lamarck) de Wit, Lysiloma latisiliquum (Linnaeus) Bentham, Murraya paniculata (Linnaeus) Jack, 
and Piscidia piscipula (Linnaeus) Sargent. Those species were found at all sites. The plants used by the most 
chrysopid species were G. ulmifolia (12 species), C. aurantifolia (10 species), and C. aurantium (eight species). 
There were 39 plant species on which only one green lacewing was recorded (Table 5).
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Figure 11. Cluster analysis (Bray-Curtis index), showing similarities in the assemblage of green lacewings from the sampling 
sites of Mérida.
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Discussion
The chrysopid species recorded in Mérida City represent 15% of all green lacewings known from Mexico 
(Valencia-Luna et al. 2006; Contreras-Ramos and Rosas 2013). We feel that the sampling effort was sufficient 
to demonstrate the representative species richness in the City. The species accumulation curve showed that the 
sampling effort was sufficient with 91% of observed species in general. About half of the chrysopids documented 
in this study are new state records, which is a marked advancement on the diversity of this group in the Yucatán 
peninsula. However, most of these new records are not a surprise due they have been reported in many places 
from Mexico, Caribbean Basin, Central, and South America, but never reported to Yucatán (Tauber and De León 
2001). Some examples of Chrysopodes sp. and Leucohrysa sp. could not be identified to species with certainty, and 
they may represent previously undescribed species (JI Martinez, unpublished data). 

A confounding issue with this study is that many agricultural and horticultural studies intentionally intro-
duced non-native species of chrysopids for pest control purposes. Thus, it is difficult to separate the native species 
from those that are non-native, and determine the potential impacts the non-native species may have had on 
the natives (López-Arroyo and De León 2002). For example, a serious consequence of those introductions is 
competition between the native and non-native species, which can produce displacement of the native species 
(Mochizuki et al. 2006). 

The site JBRC has the highest diversity of green lacewings perhaps because it contains the largest number 
of different plant species in vivo in the Yucatán, resulting in high floral heterogeneity. In contrast, sites PFM3, 
PPG, and PSJ had the least abundance and richness of green lacewings, probably because those places had low 
heterogeneity in vegetation, with little or no understory. In addition, two of the southern sampling sites (PHS and 
PSAX) had high diversity of green lacewings despite having a low diversity of plants in the assessed sites. These 
sites, however, were close to rural areas, surrounded by patches of tropical dry deciduous forest, thereby increas-
ing the diversity of green lacewings. We observed three other sites with high diversity of plants but low diversity 
of green lacewings: APV, PEP, and ZAD. The first two of sites include bodies of water and are treated with insec-
ticides monthly every year during the rainy season mainly for control of mosquitoes and other pests. Some of the 
insecticides used for this purpose (i.e, bifenthrin and deltamethrin) also kill beneficial insects, among them green 
lacewings, thus reducing their diversity in these sites (Garzon et al. 2015; Ullah et al. 2017; Sandoval et al. 2018). 
In the case of ZAD, there are frequent fires started by people for various purposes, thus altering the structure and 
composition of the vegetation as well as decreasing the richness and abundance of chrysopids.

Ceraeochrysa was the most diverse genus in this survey with eight species collected, a result similar to that 
in the state of Morelos (Valencia-Luna et al. 2006; Fig. 1). Other studies that were focused on fruit tree crops in 
north and central Mexico produced similar patterns to those which we obtained (López-Arroyo et al. 2007). On 
the other hand, studies that were focused on biological control differed from our study, finding that Chrysoperla 
was the most diverse genus (Cortez-Mondaca et al. 2001; Tarango-Rivero et al. 2013). However, our work can be 
considered the first of its kind since both biotic and abiotic features were taken into account to understand the 
biology and ecology of Chrysopidae in urban areas.

Temporally the greatest number of chrysopid species and their abundance occurred in March, April, Sep-
tember, October and November and gradually declined in the remaining months. This could be because leafing 
out of some ovipositional associated hosts occurs during those months (Patiño-Arellano 2012). Large numbers 
of small pests congregate when leaves are freshly emerged, providing increased sources of prey for chrysopids 
(Jasso-Argumedo 2012; Lozano-Contreras 2013). Also, other environmental characteristics such as temperature 
and humidity may play important roles for each region, resulting in phenological variations in different green 
lacewing communities (Trouvé et al. 2002). Additionally, although all larvae are predators of other soft-bodied 
insects, most adults feed on pollen, nectar and honeydew, and accordingly they are attracted to patches of flow-
ering plants (Villenave et al. 2006). Flowering of the plant species we recorded coincides with the months when 
richness and abundance of the green lacewings increases and match the two flowering seasons in the study area 
(Ayala-Arcipreste 2001).

The urban parks and gardens of Mérida contain both native and introduced plants. In addition, patches 
of conserved and successional tropical dry deciduous forest still exist. There are also orchards and Mayan home 
gardens (Orellana et al. 2007) containing G. ulmifolia, C. aurantifolia, C. aurantium, S. yapa and T. parviflora as 
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fundamental components. These are used for multiple purposes such as construction, medicine, fodder and food 
(Salazar 1991; Jiménez-Osornio 1999). Thus, their importance to chrysopid biology is substantial given their use 
as ovipositional sites. These patches of urban vegetation provide shelter and food for a broad variety of organisms, 
among them Chrysopidae. However, despite the importance of the urban plants, green lacewing diversity does 
not appear to depend on the dimension of the park or garden, but rather on the nearby vegetation of tropical 
deciduous forest (Brown and Hutchings 1997; Ramirez-Restrepo et al. 2007). Furthermore, chrysopid diversity 
is linked to the amount and constitution of microhabitats that provide ovipositional associated hosts for larvae 
and food sources for adults. It is important to mention here that since our study most of the citrus in parks and 
gardens have been eliminated in the campaign to eradicate the bacterium Candidatus liberibacter, which causes 
“HLB” or “citrus greening disease.” A follow-up survey would be valuable in assessing the effect of the absence 
of these hosts on the diversity of Chrysopidae in Mérida. It is possible that the removal of these citrus trees may 
result in a comparable loss of chrysopid diversity.

Currently there are few works concerning ovipositional hosts of Chrysopidae in Mexico and most deal 
exclusively with crop plants (López-Arroyo et al. 2007). The current work is the first of its kind in Mexico. The 75 
host species list and makeup of host plant groups (native, ornamental and fruit) comprise useful information. We 
should emphasize that more studies are needed of the neuropterofauna for all of Mexico in order to know more 
about their biology, diversity and distributions. We hope that the results presented here will stimulate further 
survey work on green lacewings in other parts of Mexico.

Conclusions
We were able to identify 15 species of green lacewings, seven species of which are new records for the state of 
Yucatán. This demonstrates the general lack of information about the order Neuroptera in Yucatán. It also shows 
the importance of green spaces as shelters for insect diversity.

The vegetational structure and composition of the green spaces we studied play an important role in main-
taining the diversity of green lacewings thus changes in any of them may increase or decrease that diversity. We 
also observed that weather influences the richness and abundance of green lacewings, which decreases during 
the rainy season and winter. However, it is necessary to conduct more studies of this kind not only to corroborate 
these results, but to know the effect of the removal of citrus plants in the green areas on green lacewing diversity.
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