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ABSTRACT  
Invertebrates are some of  the most diverse and abundant groups of  terrestrial organisms. They provide important functions  
within an ecosystem and can rapidly respond to environmental changes, such as urbanization, making them excellent ecological  
indicators for ecosystem function and health. Urbanization, and the disturbance and introduction of  exotic plants often associated  
with it, affects invertebrate taxa, changing community composition, structure, diversity, and abundance of  invertebrates. Some  
invertebrate taxa can exploit these changes and increase in abundance; while others exhibit sensitivity and are at risk of  
extirpation. The San Diego and Tijuana region has been increasing in urbanizing pressure for decades. Tijuana, in particular, has 
experienced exponential population growth over the past 30 years, and urbanization threatens the integrity of  much of  the 
remaining coastal sage scrub, an endangered and rare ecosystem unique to the coasts of  southern California and northwestern 
Mexico composed of  many coastal deciduous shrubs and annual wildflowers. However, the invertebrates currently residing in 
these semi-disturbed landscapes have rarely been sampled. In this study, ground-dwelling invertebrates from a native plant nursery 
in an urbanizing area of  Tijuana at Vivero Hormiguitas and a protected site in Border Field State Park in San Diego were sampled 
to compare the changes in coastal sage scrub ground-dwelling invertebrate community composition in response to urbanization. 
Beetle abundance and richness decreased in the urbanizing site in Tijuana, while spider abundance and richness increased in 
Tijuana compared to the protected site in San Diego. Particularly, we noted decreases in Tenebrionidae abundance and failed to 
detect Silphidae, suggesting slower decomposition rates in the urbanizing Tijuana site. Although spider abundance in general 
increased, mostly due to increased prevalence of  one genus, Xysticus, Gnaphosidae abundance decreased in the Tijuana site. Lastly, 
non-native invertebrate taxa, especially isopods, showed dramatic increases in abundance at the urbanizing Tijuana site, 
contributing to overall increases in invertebrate abundance in Tijuana compared to the protected site in San Diego. These results 
indicate that urbanization has negatively affected ecosystem functions in coastal sage scrub communities and that it has drastically 
impacted the diversity and health of  this rare ecosystem, much of  which is already fragmented, and actions need to be taken to 
protect this rare habitat as much of  its range continues to become more urbanized.  
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INTRODUCTION  
Invertebrates are one of  the most diverse and abundant groups of  organisms in terrestrial ecosystems.1 They are ubiquitous to 
almost every terrestrial habitat and contribute to many important ecological processes. Invertebrates are often the first facilitators  
of  decomposition and can influence the rate at which nutrients are recycled in food webs.2 Invertebrates also play important roles  
in the reproduction of  other species through mechanisms such as pollination and seed dispersal.3 Invertebrates often provide  
important food sources for higher trophic levels and can serve as biological control, increasing an ecosystem’s resilience to  
change.4 The health of  an ecosystem and food web integrity can be reflected by the diversity and community structure of  its  
invertebrate taxa.5 However, these ecological processes, including those involving invertebrates, often fall out of  balance when a  
habitat is altered due to human activities, resulting in changes in invertebrate community composition.2, 5  

Using ground-dwelling invertebrates as bioindicators for ecosystem health is a well-established method within ecological studies  
for ecological impact assessment and restoration ecology.6, 7 Recently, bioindicators have been categorized into three distinct 
categories: (i) environmental indicators, which indicate the abiotic and biotic states of  an ecosystem, (ii) ecological indicators, 
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which reveal changes in an ecosystem and evidence for impacts from changes caused by natural or human processes, and (iii) 
biodiversity indicators, which correspond to the diversity of  taxa and community of  an area.8, 9 Changes in invertebrate  
assemblage and composition can reflect environmental change, especially when using ground-dwelling invertebrate taxa such as  
spiders (Araneae) (ex: Gnaphosidae), ground beetles (Carabidae), rove beetles (Staphylinidae), and ants (Formicidae) as  
bioindicators.10–14  

Ground-dwelling invertebrates are good ecological and biodiversity indicators as they are particularly sensitive to changes in  
microhabitat and ecosystem structure and are more abundant and diverse than many vertebrate species.10, 15, 16 Short generation  
times and high mobility of  ground-dwelling invertebrates allow for rapid response to degraded or changing environments,  
enabling rapid detection of  biodiversity change.17 For example, urbanized spaces in southern California have decreased beetle  
abundance and diversity, especially larger beetles, contributing to slower decomposition rates of  carrion.5 Additionally, spider  
communities, in particular, are sensitive to a wide variety of  environmental factors such as habitat structure, type, wind exposure, 
temperature, and moisture, potentially providing important information on the ecological health of  a system or assessment  
of  restored ecosystems.12, 14, 18–20 Invertebrate bioindicators can be classified into three groups based on their response to  
environmental change: (i) detectors, which are sensitive to environmental stress and respond by decreasing, (ii) exploiters, which  
can increase in abundance by exploiting the environmental changes, and (iii) accumulators, which often accumulate toxins from  
the environment that can be measured to assess environmental toxin levels.7  

Urban landscapes provide perhaps some of  the best examples of  how invertebrates reflect the health of  an ecosystem.7 One of  
the most deleterious human impacts is modern development and design of  urban landscapes.21, 22 Urbanization often involves 
significant disturbance of  native soil and plant communities, which facilitates the spread of  invasive species, in particular, plants 
that are disturbance-tolerant, ruderal, pioneer, and/or generalists.23–27 Invasive plants can alter soil chemistry and nutrient 
cycling,28–31 change community structure through trophic interactions,32– 35 and facilitate further invasion of  exotic species.36, 37 
Changes in the community structure can negatively affect invertebrate diversity, especially habitat specialists such as many carabid 
beetles.38–41  
 
Marschalek and Deutschman found that for ground-dwelling taxa, abundance of  beetles in the family Silphidae (carrion beetles)  
and Staphylinidae (rove beetles) exhibited a strong negative correlation with urbanized landscapes and showed a positive  
correlation with sage scrub habitat, a rare and endangered habitat in southern California and northwestern Mexico.5 Spiders, on  
the other hand, have been found to increase in richness within urban landscapes.42 Depending on the taxonomic group, diversity  
and abundance can be affected either negatively or positively.5, 42 Such alterations create trophic effects down the food chain by  
affecting parasitoids and predators, which may also be directly affected by plant diversity,32-35 changing the invertebrate  
community assemblage and structure of  an ecosystem.43–45 Urbanization can also alter insect-mediated ecological processes,  
including insect herbivory and tritrophic interactions.46–49  
 
Tijuana, Mexico is a rapidly urbanizing municipality on the US-Mexico border. Tijuana’s rapid development is due to ample  
employment opportunities, both within the city and across the border in San Diego, California.50 Adverse possession laws in  
Tijuana allows the acquisition of  land as private property upon showing proof  of  continuous and exclusive possession.51 These  
laws encourage squatting and incentivize the poorest residents of  the municipality to build homes in precarious areas that result in  
intensifying social risk and serious ecological consequences. The area surrounding the urban centers exhibits intense  
anthropogenic disturbance, including pollution due to industry, lack of  waste management, and massive stripping of  native plants  
and topsoil within canyons and on the crest of  hillsides.52, 53 These disturbances facilitate the establishment of  many aggressive  
invasive plant species. Much of  Tijuana and San Diego sits on coastal sage scrub habitat, much of  which is fragmented in San  
Diego and the majority of  which is under threat of  urbanization in Tijuana.52, 53 Coastal sage scrub is dominated by deciduous  
Shrubs; it is very similar to the chaparral habitat of  southern California, except that the majority of  the shrubs are deciduous and  
not evergreen. In these rapidly changing landscapes, evaluating the health of  this rare and endangered ecosystem are of  great  
importance not only for conservation, but for human health.54 By using invertebrate sampling to obtain information on 
ecosystem function and structure, it will be possible to understand some of  the effects of  this rapid development on the system. 
  
Although the Tijuana region shares similar plant communities and ecotypes to San Diego, such as coastal sage scrub and 
chaparral, the invertebrate communities have not been well sampled, and areas within the canyon have little to no records for their 
current invertebrate communities.55–57 With urbanization and invasive species disturbances, the invertebrate community 
composition of  Vivero Hormiguitas, Tijuana is expected to exhibit some key differences from similar, undisturbed habitats in San 
Diego within the Border Field State Park. For instance, habitat loss appears to be the primary driver of  decreased invertebrate 
diversity and beetle abundance in coastal southern California.5 Adams et al. found insect diversity and abundance was over 30% 
higher at sites with native or drought tolerant plants.58 Exotic insects are also found in higher abundance at urbanized sites with 
low native plant diversity.58 These results support the idea that invertebrate communities within disturbed Tijuana sites may be 
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experiencing, or already have experienced, a rapid change in community structure and taxonomic diversity compared to protected 
areas within San Diego.  
 
Sampling the sites within Tijuana and San Diego allows not only for a unique opportunity to understand current invertebrate  
composition in the rapidly developing Tijuana area but also for the study of  how invertebrate communities may be expected to  
change with urbanization. This work in the southern California and northern Baja California region will provide information on  
the current ecological health and function of  each area and will assist in creating roadmaps for site restoration in the future.  
 
In this study, invertebrates sampled at the disturbed and rapidly urbanizing Tijuana site and the protected site in San Diego will be 
used as bioindicators for ecosystem function and health; comparison of  invertebrate samples at these sites will enable  
assessment of  how invertebrate communities are changing. Currently, some of  the hypotheses that explain invertebrate  
community compositions across urban-rural gradients include: (i) the increasing disturbance hypothesis, which state that species  
richness monotonously decreases from rural to urban areas as disturbance increases;42 (ii) the matrix species hypothesis, which  
claims that matrix (open habitat) species dominate disturbed open habitats and abundance increases with urbanization;42 (iii) the 
opportunistic species hypothesis, which predicts that opportunistic and disturbance tolerant species should increase in urban 
areas;36, 37, 42  and (iv) the habitat specialist hypothesis, which posits that the abundance and richness of  specialist species decreases 
with disturbance and therefore also in urban areas while generalists are less affected.42  
 
Based on these hypotheses proposed by past research, the diversity and abundance of  ground-dwelling spiders are predicted to  
increase in the urbanizing Tijuana site. This follows the habitat specialist hypothesis and the matrix species hypothesis as ground-  
dwelling spiders, such as those in Lycosidae and Agelenidae are mostly generalists, which have been found to be affected less by  
disturbances and in some cases, increase in abundance and diversity due to the penetration of  matrix spider species into disturbed  
sites.59 Beetle abundance and diversity are hypothesized to be greater in less urbanized spaces. This follows the habitat  
specialist hypothesis as many beetle species are habitat and diet specialists and often require specific microhabitats, that are easily  
destroyed by urbanization.60 Abundance of  invasive or exotic invertebrate species are expected to be greater at the urbanizing 
Tijuana site, following the opportunistic species hypothesis as many successful invasive or exotic invertebrate species often thrive 
in disturbed and urban environments.42 Finally, following the increasing disturbance hypothesis, there should be a higher 
invertebrate abundance but a lower Shannon diversity index (H’) value in the disturbed site of  Tijuana due to increases in 
disturbance tolerant and/or non-native species.42  
 
METHODS AND PROCEDURES  
Study sites  
An area located at the coordinates 32.513363, -117.091483 of  approximately 3000 m2 in Tijuana, Mexico was sampled (Figure  
1a). The site is situated on a slight slope near a canyon peak and much of  the surrounding area has been disturbed by  
urbanization and unofficial settlements. The site is granted by the city of  Tijuana and is managed as a native plant nursery known  
as Vivero Hormiguitas, Tijuana (TJ). The nursery is often disturbed by weedy, invasive plants, and the areas surrounding it are  
disturbed by illegal dumping, clearing of  vegetation, and sediment transfers from construction. Vivero Hormiguitas contains 
some remnant plantings of  native plants, as well as horticultural exotic species such as Schinus terebinthifolia (Brazilian peppertree) 
and Selenicereus unatus (white-fleshed pitahaya). Much of  the landscape here now is sparse and open, dominated by weedy invasive 
grasses and forbs such as Glebionis coronaria (garland daisy), Salsola tragus (prickley Russian thistle), Silene gallica (small-flowered 
catchfly), Malva spp. (mallows), Bromus spp. (brome grasses), and Erodium spp. (stork’s bills) among other annual invasives. There are 
a few annual, native species that occur in low abundance, including Lupinus succulentus (arroyo lupine), Calochortus splendens (splendid  
mariposa lily), Primula clevelandii (Padre’s shooting star), and Sisyrinchium bellum (western blue-eye grass). Some perennial native  
plants also occur in low abundance, including: Isocoma menziesii (coastal goldenbush), Cneoridium dumosum (bushrue), Solanum parishii  
(Parish’s nightshade), Hazardia orcuttii (Orcutt’s goldenbush), Rhus integrifolia (lemonade berry), Eriogonum fasciculatum (California  
buckwheat), Baccharis sarothroides (desert broom), Acmispon glaber (deerweed), Artemisia californica (California  
sagebrush), Malacothamnus fasciculatum (chaparral mallow), and Malosma laurina (laurel sumac). Much of  this slope before  
disturbance would have been dominated by coastal deciduous and perennial shrub-like species such as Salvia apiana (white sage),  
Salvia mellifera (black sage), Encelia californica (California brittlebush), succulents like Dudleya spp. (Dudleyas), and coastal cactus  
species mixed with evergreen chapparel plants such as Malosoma laurina, Rhus integrifolia, and Baccharis sarothroides. Diversity of  
annual forbs would likely have been higher including Eschscholzia californica (California poppy) and many Boraginaceae and 
Asteraceae species.  
 
An area located at the coordinates 32.538950, -117.105543 of  approximately 3000 m2 in San Diego Border State Field Park, San  
Diego (SD) was also sampled (Figure 1b). The site is situated on the foothill rise of  the northeast side of  Bunker Hill, CA.  
Vegetation here is more intact and less disturbed, as areas around this site are protected due to the cultural and historical 
significance to the Kumeyaay. indigenous people. Native plants, and especially shrubs dominate the landscape, although invasive 



American Journal of  www.ajuronl ine.org

25  68

species such as Erodium spp., Bromus spp., Urtica urens (dwarf  nettle) and other invasive grasses and weeds are still present in small 
quantities on the hillside. Malosma laurina, Rhus integrifolia, Claytonia perfoliata (miner’s lettuce), Nuttallanthus texanus (Texas toadflax),  
Ferocactus viridescens (San Diego barrel cactus), Dudleya pulverulenta (chalk dudleya), Salvia apiana, Salvia mellifera, Lupinus succulentus,  
Pseudognaphalium biolettii (bi-colored rabbit tobacco), Heteromeles arbutifolia (toyon), Sairocarpus sp. (snapdragons), Encelia californica,  
Camissoniopsis sp. (suncups), Solanum sp. (nightshades), and various other native shrubs and annuals characteristic of  coastal sage  
scrub exist in the sampling site. The invasive annual forbs at this site was generally spread evenly throughout, using any little bit  
of  open space between the large shrubs to grow.  
 

 
Figure 1. Shows the sampling sites from Tijuana in Vivero Hormiguitas (1a.) and from San Diego in Bunker Hill of  Border State Field Park (1b.) in top view 

form from satellite image alongside general landscape view captured through camera on the ground. 

Sampling method  
Pitfall traps were placed flush to the ground using 532 ml plastic cups. The traps were filled with solution composed of  10% salt  
water and 5% bleach. An orange flag was placed adjacent to the trap to mark the traps (Figure 2). Twenty traps were randomly  
placed at each site by randomly generating coordinates with a computer within the select site. As invasive plants were generally  
homogenous throughout the sites, this method allowed for the most straightforward randomization. The traps were collected two  
weeks after placement and invertebrate identification followed. The site in Tijuana was sampled from February 29 to March 14,  
2024, and the San Diego site was sampled from April 8 to April 22, 2024. Invertebrates were identified to the most specific taxa 
possible and by morphospecies. Spiders (Araneae) and beetles (Coleoptera) were heavily focused on due to their abundance,  
diversity, and functional group representation within terrestrial ecosystems, making them excellent ecosystem indicators.  
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Morphospecies were used for many spiders and insect larvae. Spiders were mostly identified to family level based on eye 
positioning, spinnerets, and pedipalps. Beetles, ants, isopods, dermapterans, orthopterans, hemipterans, mantids, scorpions, and 
cockroaches were mostly able to be identified to species or genus level. Each beetle was also categorized into their respective 
families for analysis. For individuals in the same family that appeared to be different, they were counted as different 
morphospecies. Some individuals were not able to be identified and were not the same as the other species morphologically, those 
individuals were counted as one morphospecies without being assigned to a family and labeled “unidentified”. These 
“unidentified” individuals did not contribute to an additional family level richness count. Hard to identify groups such as 
Lepidoptera larva, silverfish, centipedes, millipedes and harvestmen that occurred in low abundance used morphospecies.  
 
For the purpose of  this study, invasive invertebrate species and other exotic species are all grouped under the label of  “non-
native”, as it can be hard to identify what may be considered invasive, as there is often a lack of  research on impacts of  some of  
these exotic invertebrates. However, some of  these invertebrates are already considered invasive, such as Coccinella septempunctata 
(seven-spotted lady beetle), Cornu aspersum (garden snail), and Forficula mediterranea (European earwig). Furthermore, all non-native 
invertebrates are identified to the species level as it would be almost impossible to know if  an invertebrate is non-native without 
doing so. Due to rain causing mud to slide into and burying some traps on the slope, a total of  only 17 traps were collected from 
the site in Tijuana and a total of  16 traps were collected from the site in San Diego. Permit to sample invertebrates in the Border 
Field State Park was provided by the California State Parks Department of  Parks and Recreation. The permit granted is Scientific 
Collecting Permit 24-669-03, and is valid from March 19, 2024 to March 19, 2025.  
 

 
Figure 2. Pitfall trap set up with a plastic cup flush to the ground filled with 10% salt solution + bleach (5%) with an orange flag beside it. 

Pooled data analysis  
The samples from each site were pooled together so that two samples are obtained, the total SD and total TJ samples. Using these  
pooled data, a table was created to summarize the raw data findings of  the sites. The table reports raw data in both the abundance  
(how many counts) and richness (how many types) of  each category. The categories include the total beetle abundance and  
richness (Order Coleoptera), Coleoptera families at each site (number of  families), including the abundance and richness of   
species each of  those families, the total spider abundance and richness (Order Araneae), Araneae families (number of  families at  
each site), and the abundance and richness of  species within each of  those families. The table also reports the total abundance 
and richness of  all other invertebrate orders collected from each site, and the total abundance and species richness of  non-native  
invertebrate species, native invertebrate species, and total invertebrates. Centipede and millipede classes were included and  
counted as an order each because there was no more than one individual of  each at each site and identification to order was more  
difficult for these groups.  
 
From this pooled data, a couple important taxonomic groups of  interest are noted, these are: (i) Carabidae, as they are abundant 
in both sites, and often used as biological indicators for restoration and for biodiversity assessment; they are also a group of   
predaceous beetles that can be used as one functional group;60–63 (ii) Tenebrionidae, as they are also abundant within both of  the  
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sites and serve as a good alternative functional group to Carabidae, as they are mostly scavengers and detritivores;64 (iii) 
Gnaphosidae, as a highly cursorial ground-dwelling spider that is often used as an environmental indicator due to their particularly 
sensitive nature to disturbance;11 and (iv) Isopods, as they show a particularly large change in abundance between sites. Most of  
the analysis will be focused on spiders (Araneae) and beetles (Coleoptera) as these two groups are very abundant within the 
samples, can serve as large functional groups, and are used extensively as bioindicators.7–11  
 
Statistical analysis  
The Shannon diversity index (H’) was calculated as a measure for diversity in morphospecies for each individual pitfall trap to 
conduct t-test analysis—this is termed all-taxa invertebrate H’. It is important to note that “native invertebrates” here are 
invertebrates excluding the non-native invertebrates identified, as some individuals not identified as non-native due to difficulty of  
species identification can still be exotic.  
 
Abundance here is measured by the number of  individuals sampled within the family, order, or in all-taxa totals. To carry out a t-
test for abundance of  a specific family or order, the number of  individuals in that family or order was counted for each individual  
pitfall trap. To carry out a t-test for an all-taxa invertebrate abundance, the total count of  invertebrates from all taxa for each  
individual pitfall trap was used. Total abundance for each site was also calculated by combining all pitfall traps within a site  
together. To carry out a t-test for non-native invertebrate all-taxa abundance, abundance was calculated for each individual pitfall  
trap. Total non-native invertebrate abundance is the abundance of  non-native invertebrates calculated by counting the combined  
non-native invertebrate taxa for each site. By excluding non-native invertebrates, the all-taxa native invertebrate abundance for  
each pitfall trap was calculated to perform a t-test and the total native abundance was calculated.  
 
To analyze the data obtained, multiple unequal variance t-tests were conducted after confirming unequal variance using F-test on  
the following response variables: beetle (Coleoptera) abundance (F-test p-value = 0.00179), spider (Araneae) abundance (F-test p-  
value = 7.355e-05), all-taxa invertebrate abundance (F-test p-value = 1.45e-12), non-native invertebrate abundance (F-test p-value  
< 2.2e-16), Carabidae abundance (F-test p-value = 1.172e-05), Isopod (Isopoda) abundance (F-test p-value < 2.2e-16), and  
Gnaphosidae abundance (F-test p-value = 5.923e-06). Student’s t-tests were performed on variables that did not show significant  
unequal variances, these include: beetle (Coleoptera) H’ at the species level (F-test p-value = 0.8822), beetle (Coleoptera) species  
richness (F-test p-value = 0.7021), spider (Araneae) H’ at the species level (F-test p-value =0.4959), spider (Araneae) species  
richness (F-test p-value = 0.0746), Carabidae H’ at the species level (F-test p-value = 0.4762), Tenebrionidae abundance (F-test p-  
value = 0.2195), all-taxa invertebrate species richness (F-test p-value = 0.8555), non-native invertebrate H’ at the species level (F 
test p-value = 0.52), native invertebrate H’ at the species level (F-test p-value = 0.6929), native abundance (F-test p-value =  
0.2601), and all taxa H’ at the species level (F-test p-value = 0.7072).  
 
Species richness t-tests for Tenebrionidae, Carabidae, Isopoda, and Gnaphosidae were not performed because there were not  
enough morphospecies and individuals of  each morphospecies to result in meaningful robust analysis. A t-test on non-native  
invertebrate species richness was not performed as the information provided by this test can be easily interpreted through the raw  
data as most of  the same non-native species were present in both sites. A t-test on isopod species H’ was not calculated or  
compared because there were only two non-native species of  isopods present. A t-test on Gnaphosidae species H’ was not  
calculated as only two morphospecies of  Gnaphosidae were collected. All statistical analysis and data organization was performed  
using RStudio 2023.09.1+494 with R package ggplot2 (stacked bar graph made using function barplot())and Microsoft Excel.65, 66  

RESULTS  
In total, 923 invertebrates were collected from TJ. These individuals were made up of  766 non-native invertebrates from 10  
species, 619 of  which were isopods composing of  two species, 189 Armadillidium vulgare (common pill woodlouse) and 430 Porcellio  
laevis (swift louse). 77 of  the non-native individuals were dermapterans, all of  which were Forficula mediterranea (European earwig),  
33 were hymenopterans, all of  which were Linepithema humile (Argentine ant), 23 of  which were Stylommatophora (land snails and  
slugs), made up of  19 Rumina decollata (decollate snail) and four Cornu aspersum (garden snail), seven non-native beetles, six of  
which were Coccinella septempunctata (seven-spotted lady beetle) and one which was Amara aenea (common sun beetle), four non-
native spiders, all of  which were Dysdera crocata (woodlouse spider), and three non-native hemipterans, all of  which were Bactericera 
lavaterae (island mallow psyllid). A total of  47 beetles of  11 morphospecies were collected from four families (also included one 
“unidentified” beetle larva): Carabiade, Tenebrionidae, Coccinellidae, Histeridae, and Curculionidae. 99 spiders from 10 
morphospecies were collected comprising of  eight families (also included one “unidentified” spider): Lycosidae, Agelenidae, 
Salticidae, Thomisidae, Anyphaenidae, Dysderidae, Gnaphosidae, and Theridiidae. The rest of  the invertebrates collected were 
composed from the class of  millipedes (Diplopoda) and centipedes (Chilopoda), and other invertebrate orders, including: 
Orthoptera, Hemiptera, Lepidoptera (larval form), and Opiliones. All individuals from Isopoda, Stylommatophora, Hymenoptera, 
and Dermaptera were non-native. (Table 1). 
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In total, 207 invertebrates were collected from SD. These individuals were made up of  51 non-native invertebrates from seven 
species, 30 of  which were isopods composed of  two species, three Armadillidium vulgare (common pill woodlouse) and 27 Porcellio 
laevis (swift louse), one of  the non-native individuals was a dermapteran, which is a Forficula mediterranea (European earwig), five 
were hymenopterans, made of  four Linepithema humile (Argentine ant) and one Prenolepis imparis (American winter ant), three were 
Stylommatophora, all of  which were Cornu aspersum (garden snail), 12 non-native beetles, all which were Amara aenea (common sun 
beetle). A total of  112 beetles of  18 morphospecies were collected from eight families (also included one unidentified  
beetle): Silphidae, Tenebrionidae, Limnichidae, Carabidae, Scarabaeidae (subfamily Aphodiinae), Latridiidae, Hydraenidae, and 
Lampyridae. 32 spiders from nine morphospecies were collected from six families (also included one unidentified  spider): 
Lycosidae, Salticidae, Thomisidae, Gnaphosidae, Trachelidae, and Theridiidae. The rest of  the invertebrates collected were 
composed from various other invertebrate orders including: Orthroptera, Hemiptera, Lepidoptera (larval form), Hymenoptera, 
Mantodea, Zygentoma, Blattodea, Lithobiomorpha (stone centipede), Scorpiones, and Opiliones. All invertebrates from Isopoda, 
Stylommatophora, and Dermaptera were non-native (Table 1). Slugs were likely sampled at both sites, but their bodies melted in 
the solution and could not be identified.  
 

TJ   SD   

Taxa Total Abundance Total Richness Taxa Total Abundance Total Richness 

Order Coleoptera 46 10 Order Coleoptera 112 18 

Coleoptera Familes 46 4 Coleoptera Familes 112 8 

Family Carabidae 16 5 Family Carabidae 39 5 

Family Tenebrionidae 18 3 Family Tenebrionidae 46 7 

Family Coccinellidae 8 2 Family Silphidae 13 1 

 Family Curculionidae 3 1 Family Limnichidae 1 1 

Family Histeridae 1 1 Family Scarabaeidae 1 1 

   Family Latridiidae 1 1 

   Family Hydraenidae 9 1 

   Family Lampyridae 1 1 

Order Araneae 99 10 Order Araneae 32 9 

Araneae Families 99 8 Araneae Families 32 6 

Family Lycosidae 17 2 Family Lycosidae 6 2 

Family Salticidae 4 1 Family Salticidae 2 1 

Family Gnaphosidae 2 1 Family Gnaphosidae 20 2 

Family Theridiidae 1 1 Family Theridiidae 1 1 

Family Thomisidae 64 1 Family Thomisidae 1 1 

Family Dysderidae 4 1 Family Trachelidae 1 1 

Family Agelenidae 1 1    

Family Anyphaenidae 5 1    

Order Hemiptera 6 3 Order Hemiptera 2 2 

Order Orthoptera 8 2 Order Orthoptera 3 1 

Order Lepidoptera 4 4 Order Lepidoptera 3 1 
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Order Hymenoptera 33 1 Order Hymenoptera 11 3 

Order Blattodea 0 0 Order Blattodea 3 1 

Order Mantodea 0 0 Order Mantodea 2 1 

Order Dermaptera 77 1 Order Dermaptera 1 1 

Order Zygentoma 0 0 Order Zygentoma 1 1 

Order Opiliones 5 1 Order Opiliones 1 1 

Order Scropiones 0 0 Order Scropiones 1 1 

Order Isopoda 619 2 Order Isopoda 30 2 

Order Stylommatophora 23 2 Order Stylommatophora 3 1 

Class Chilopoda 1 1 Class Chilopoda 1 1 

Class Diplopoda 1 1 Class Diplopoda 0 0 

Non-native Invertebrates 766 10 Non-native Invertebrates 51 7 

Invertebrate Orders 917 13 Invertebrate Orders 207 14 

Total Invertebrates 917 38 Total Invertebrates 207 45 

Table 1. Raw data in number of  individuals (abundance) and richness broken down by taxa. Total abundance and richness here is the combined count of  each 
taxa from all pitfall traps within a site. Trends in total abundance and total richness of  Order Coleoptera (total beetle species richness and abundance), Coleoptera 

families (total beetle abundance and number of  beetle families), Order Araneae (total spider species richness and abundance), Araneae families (total spider 
abundance and number of  spider families), Invertebrate Orders (number of  invertebrates in total and number of  invertebrate orders, the class Chilopoda and 

Diplopoda each count as one order as there is no more than one individual of  these per site collected), Total Invertebrates (by species), Non-native invertebrates 
(by species), and all other Orders of  invertebrates, millipedes (Class Diplopoda) and centipedes (Class Chilopoda). SD = Border Field State Park, San Diego and 

TJ = Vivero Hormiguitas, Tijuana. 

Abundance  
There was higher all-taxa invertebrate abundance in TJ than in SD (t = -2.2634, df  = 16.286, p-value = 0.0376) (Figure 3a). This  
result was mainly due to an increase in non-native taxa, which was significantly higher at TJ than SD (t = -2.2804, df  = 16.082, p-
value = 0.03656) (Figure 3b), with the majority of  the increase coming from non-native isopods, Armadillidium vulgare (common  
pill woodlouse) and Porcellio laevis (swift louse) (Figure 3b and Figure 5c). Abundance for the two common invasive isopod  
species was found to be marginally higher at TJ (t = -1.9693, df  = 16.028, p-value = 0.06646) (Figure 4c). Native invertebrate  
abundance did not differ significantly between SD and TJ (t = 0.29028, df  = 31, p-value = 0.7735) (Figure 5d).  
 
Beetle abundance was found to be significantly higher at SD (t = 2.4618, df  = 20.132, p-value = 0.02297) (Figure 3c), and spider  
abundance was found to be significantly higher at TJ (t = -3.0426, df  = 19.506, p-value = 0.006557) (Figure 3d). The higher  
beetle abundance in SD comes from the increased prevalence of  Tenebrionidae, a slight increase in Carabidae, and the presence  
of  Silphidae beetles (Figure 5a). However, only Tenebrionidae showed a significantly higher abundance at SD (t = 2.2352, df  =  
31, p-value = 0.03275) (Figure 4b). There were more Carabidae individuals in the samples from SD, but the trend was not  
statistically significant (t = 1.1664, df  = 17.375, p-value = 0.2592) (Figure 4a). The higher spider abundance in TJ is largely  
attributed to the prevalence of  ground crab spiders (Family Thomisidae) in the genus Xysticus (Figure 5b). There was a  
significantly higher abundance of  Gnaphosidae in SD than in TJ (t = 3.3697, df  = 17.09, p-value = 0.003617) (Figure 4d).  
 
Shannon Diversity Index (H’)  
There was no significant difference in the H’ value between TJ and SD for beetles species level diversity (Order Coleoptera) (t =  
1.5188, df  = 31, p-value = 0.139), nor for spiders species level diversity (Order Araneae) (t = -1.7089, df  = 31, p-value = 0.09747)  
(Figure 6a and Figure 6c). Similarly, Carabidae beetles species level H’ values were not significantly different between SD and  
TJ (t = 0.19983, df  = 31, p-value = 0.8429) (Figure 6f). While the non-native H’ values at TJ was significantly higher than the H’  
value at SD (t = -5.7711, df  = 31, p-value = 2.357e-06) (Figure 6b), there was no significant difference for the native  
H’ values between SD and TJ (t = 0.95198, df  = 31, p-value = 0.3485) (Figure 6d) and the all-taxa H’ values between SD and  
TJ (t = -0.3608, df  = 31, p-value = 0.7207) (Figure 6e). 
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Richness  
There were significantly higher spider species richness in TJ compared to SD (t = -2.4164, df  = 31, p-value = 0.02175) and higher  
beetle species richness in SD compared to TJ(t = 2.5504, df  = 31, p-value = 0.01592) (Figure 7b and Figure 7c). The all-taxa  
invertebrate species richness was not found to be significantly different between SD and TJ (t = -5.1698, df  = 31. p-value =  
0.1266) (Figure 7a).  
 

 
Figure 3. Boxplots depicts the all-taxa abundance of  invertebrates (3a.), abundance of  non-native invertebrates (3b.), beetle abundance (3c.), and spider 

abundance (3d.) across sites. Abundance is measured in counts of  individuals. SD = Border Field State Park, San Diego and TJ = Vivero Hormiguitas, Tijuana. 
The degrees of  freedom, t-statistic, and p-value are displayed in the legend located in the top-right corner. Outliers are represented with a white circle. The median 

is represented by the bolded line, first to third quartile represented by the box, and the whiskers represent the maximum and minimum values. There are more 
invertebrates at TJ than SD (3a.), more non-native invertebrates at TJ than SD (3b.), and more spiders at TJ than SD (3c.). There are more beetles in SD than TJ 

(3d.). 
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Figure 4. Boxplots of  Carabidae (4a.), Tenebrionidae (4b.), Isopod (4c.), and Gnaphosidae (4d.) abundances across two sites. Abundance is measured in the 

count of  individuals. SD = Border Field State Park, San Diego and TJ = Vivero Hormiguitas, Tijuana. The degrees of  freedom, t-statistic, and p-value are 
displayed in the legend located in the top-right corner. Outliers are represented with a white circle. The median is represented by the bolded line, first to third 

quartile represented by the box, and the whiskers represent the maximum and minimum values. Carabidae abundance does not show significant difference 
between SD and TJ (4a.), while Tenebrionidae (6b.) and Gnaphosidae (4d.) abundance are higher in SD than TJ. Isopods are more abundant in TJ than SD (4c.). 

` 
Figure 5. Stacked bar graphs of  beetle abundance by family (5a.), stacked bar graph of  spider abundance by family (5b.), a stacked bar graph of  invertebrate 

abundance by order (5c.), and a boxplot of  native invertebrate abundance (5d.). Abundance is measured in counts of  individuals. SD = Border Field State Park, 
San Diego and TJ = Vivero Hormiguitas, Tijuana. The degrees of  freedom, t-statistic, and p-value is displayed in the legend located in the top-right corner for 5d. 
For 5d., Outliers are represented with a white circle. The median is represented by the bolded line, first to third quartile represented by the box, and the whiskers 

represent the maximum and minimum values. Tenebrionidae and Carabidae raw counts are noticeably more abundant in SD than TJ (5a.), Thomisidae is 
noticeably more abundant in TJ than SD (5b.), and Isopods are noticeably more abundant in TJ than SD (5c.). No significant difference in native invertebrate 

abundance between SD and TJ (5d.). 
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Figure 6. Boxplot of  the Shannon diversity index (H’) values of  beetles from different samples (6a.), non-native invertebrate H’ values (6b.), spider H’ values 

(6c.), native invertebrate H’ values (6d.), all taxa invertebrate H’ values (6e.), and Carabidae H’ values (6f.) across the two different sites. SD = Border Field State 
Park, San Diego and TJ = Vivero Hormiguitas, Tijuana. The degrees of  freedom, t-statistic, and p-value are displayed in the legend located in the top-right or 

bottom-right corner. The median is represented by the bolded line, first to third quartile represented by the box, and the whiskers represents the maximum and 
minimum values. Beetle H’ values (6a.), spider H’ values (6c.), native invertebrate H’ values (6d.), All taxa invertebrate H’ values (6e.), and Carabidae H’ values 

(where most samples only had one species) (6f.) did not differ significantly between SD and TJ . Non-native invertebrate H’ is significantly higher at TJ than SD 
(6b.). 
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Figure 7. Boxplots of  all-taxa invertebrate species richness (7a.), beetle species richness (7b.), and spider species richness (7c.), across two sites. SD = Border 

Field State Park, San Diego and TJ = Vivero Hormiguitas, Tijuana. The degrees of  freedom, t- statistic, and p-value are displayed in the legend located in the top-
right corners. Outliers are represented with a white circle. The median is represented by the bolded line, first to third quartile represented by the box, and the 

whiskers represent the maximum and minimum values. No significant difference in all taxa species richness (7a.) and spider species richness (7c.) between SD and 
TJ. There is significantly higher beetle species richness at the SD site compared to the TJ site (7b.). 

DISCUSSION  
The results of  the study supported the hypotheses that spider abundance and non-native invertebrate abundance would increase,  
that all-taxa invertebrate abundance would increase, and that beetle abundance would decrease in urbanized spaces of  Vivero  
Hormiguitas, Tijuana compared to less disturbed protected sites in San Diego Border Field State Park. The results of  the study  
partially supported the hypothesis that beetle biodiversity would decrease in urbanized spaces of  TJ compared to SD and spider  
diversity would increase as the species richness reflected this trend. However, the Shannon diversity index (H’) did not show a  
significant difference between the two sites on beetle and spider diversity, nor did it show a significant difference in the all-taxa  
invertebrate H’ value.  
 
The all-taxa invertebrate abundance was found to be significantly higher in TJ than SD, and much of  this increase in invertebrate  
abundance can be attributed to the non-native invertebrate species, which were significantly more abundant TJ than SD. This can  
be attributed to the lower abundance of  invasive isopods Armadillidium vulgare and Porcellio laevis in SD. These results follow the  
opportunistic species hypothesis, which claims that generalist and opportunistic species, such as many non-native invertebrates in  
urban spaces, would increase with disturbance. These non-native invertebrates are therefore ecological exploiters, by exploiting  
the change caused by environmental disturbance, they become more successful in urbanized environments. One potential  
explanation for this finding is the relative differences in aridity of  the study sites. Aridity in southern California plays an important  
role in resisting invasion in southern sage scrub.67 There are also significantly fewer exotic invertebrates in less urbanized areas  
with less water subsidies (i.e., more arid regions).67 One final contributing explanation could be that invasive plants are also  
facilitating the invasion of  exotic invertebrate species.36, 37 Many of  these factors can be working in synthesis, contributing to the  
significant increase in non-native invertebrate taxa in urbanizing TJ compared to the protected state park in SD.  
 
Interestingly, the native invertebrate abundance did not show a significant change between the two sites. This is potentially due to  
the variety of  taxa and different functional groups included within this categorization. As such, some native invertebrate species  
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that are generalists, and or ecological exploiters, may increase in abundance while others that are more sensitive to change, and/or 
are specialists, and are therefore detectors of  change, decrease in abundance. Thus, this shifts the community composition but 
does not change the overall abundance.  
 
The all-taxa invertebrate H’ value did not show a significant difference between the sites, nor did the native invertebrate H’ value; 
however, the non-native H’ value was significantly higher at TJ than SD. This means that non-native species was not only more  
abundant in TJ than SD, but more consistently abundant across all samples in TJ compared to the SD samples. There are also a  
few non-native taxa completely absent in the SD samples. These included Rumina decollata (decollate snail), Coccinella septempunctata  
(Seven-spotted lady beetle), Dysdera crocata (woodlouse spider), and Bactericera lavaterae (island mallow psyllid). These four species  
likely contributed to the difference in non-native species H’ values between the two sites. It is important to note however,  
according to citizen-generated data on iNaturalist, all of  these species except for Rumina decollata (decollate snail) have been  
recorded at the state park near the sample site in SD.68 But failure to collect them within SD samples may suggest a decrease in  
abundance for these taxa within the protected site.  
 
We also know from these results that the all-taxa invertebrate richness did not differ significantly between the two sites. From 
these results alone, it may seem like the only change when comparing the two sites is the non-native species H’ and abundance.  
However, when we break down these broad categories into more specific taxa and categories such as native vs non-native, a 
different story emerges that can explain these results.  
 
Spiders were found to be in higher abundance and richness in TJ than SD, indicative of  an ecological exploiter; the change in  
habitat may be subsidizing or benefitting them in some way. Being generalists, these ground-dwelling spiders may be matrix  
species, exploiting the change from a dense shrub habitat to open grassland habitat and increases in invertebrate abundance.  
Shannon diversity index (H’) for spiders showed only a marginally significantly higher value at TJ than SD. These results ref lect 
the trend that generalist predators, such as many spiders, tend to benefit from urbanization. For example, generalist spiders have  
been found to increase in abundance with fragmentation and urbanization in Hungary.59 Urban green spaces also tend to have  
increased spider abundance and richness compared to rural areas, consistent with the results of  this study.59. 69-72 Urbanization and  
human disturbance had little to no effect on abundance of  many habitat generalist spiders.73 However, some studies have found a  
reduction in spider diversity.74 It is likely that taxonomic identity is critical when assessing the effects of  human disturbance on the  
structure of  spider communities, as although many spiders are generalist predators, they can differ drastically in hunting strategies  
and habitats needed to support their lifestyle.73-75 For instance, invasive plants seem to exhibit effects on the structure of  spider  
communities, notably by increasing preferred habitat for certain spider taxa, such as Thomisidae, Salticidae, and Theridiidae. Many  
invasive plant species promote spider abundance by providing ideal plant structure for webs and preferred hunting grounds, or  
directly, by subsidizing prey; for example, in the case of  Lycosidae, where some invertebrates who are able to exploit the change in 
environment caused by invasive plants, such as by providing more shelter, increase in abundance, giving generalists Lycosidae 
spiders more prey to hunt and their abundance increases.75-77 Still, others show a mix of  effects due to the different urban 
environments that may occur, such as in Agelenidae.78 The methods of  sampling could influence which groups are more 
represented in the samples as well, an example of  this can be seen from the results, wherein majority of  spider taxa sampled are 
cursorial, such as Lycosidae, Gnaphosidae, Salticidae, and a ground-dwelling genus of  Thomisidae. It should also be noted that 
due to the usage of  morphospecies, some spider groups such as Lycosidae may be inflated in richness; however, this should have 
marginal effects on richness calculations as both sites compared use morphospecies, as most morphospecies are discerned 
because they are different families, and species richness within each spider family generally only consists of  one or two 
morphospecies.  
 
Gnaphosidae spiders were found to be almost entirely absent in samples from disturbed sites in TJ, while they were abundant in  
samples from SD. Gnaphosidae are a highly cursorial family, and evidence suggests they are more sensitive to disturbances than 
other groups.79, 80 Urbanization has had a negative effect on Gnaphosidae species richness and abundance.81 The results of  this 
paper also show the high abundance of  ground crab spiders in the genus Xysticus at TJ. While previous research has indicated  
negative effects of  urbanization and human disturbance on the family to which this genus belongs (Thomisidae), studies on 
urbanized spaces demonstrate the continued presence of  Xysticus in those areas.82, 83 Results from this study and the current body 
of  research confirms that crab spiders in the genus Xysticus show a tolerance to human urbanization. Taken together, these results  
demonstrating changes in spider abundance, richness, and community composition under anthropogenic disturbance suggest that 
certain taxa such as Xysticus may be taking advantage of  reduced competition from other species. Further, it is likely that this  
group benefits from increased prey abundance in disturbed spaces, facilitated by increases in non-native ground-dwelling  
invertebrate taxa found in samples at TJ, while other taxa such as Gnaphosidae are being negatively affected by the change in  
habitat. These results indicate that a change in invertebrate predator community structure has occurred in the human-dominated  
landscape.  
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Beetles were found in lower abundance and richness in TJ than SD but Shannon diversity index scores (H’) for these samples 
were not significantly different between the two sites. However, Shannon diversity index values (H’) in beetles are often found to 
decrease across urbanized sites, implicating urbanization as a leading threat to beetle diversity.84 This could be due to many beetle 
species being specialists within an ecosystem and occupying very specific niches and microhabitats, creating a mosaic of  species 
distribution with high turnover rates at one site. Therefore, calculating H’ for each individual site gives us H’ values that are lower 
despite higher species richness, as one site may be a microhabitat that is dominated by a specialist beetle. In an urbanizing 
landscape such as that in TJ, this ecological complexity is destroyed and replaced with more generalist and monotonous habitat 
unsuitable for many specialist herbivores, such as many native beetles, so that beetle diversity within TJ is more homogenous and 
evenly distributed. In conclusion, while the richness and abundance of  beetles may be higher in SD than TJ, the beetle species are 
more evenly distributed in TJ, resulting in finding little difference in H’ between the two sites. Another explanation could also be 
that the sites in TJ were not completely urbanized as the slopes of  the canyon still had intact sites with native vegetation, although 
it is disappearing rapidly.  
 
There was no significant difference in Carabidae abundance between TJ and SD in this study. This can be explained as  
urbanization often has little effect on abundance of  Carabid species as more generalist and tolerant species would increase in  
abundance in the absence of  others.60-62 However, this study suggests that there is no significant difference in Carabidae H’ 
between the two sites either, which is not consistent with many other works that suggest there is a strong negative effect of   
urbanization on carabid beetle diversity. This is not entirely unheard of, as other studies have found that Carabidae diversity does  
not necessarily decrease or homogenize with urbanization, suggesting that composition is more influenced by location.63 Most of   
the samples of  this study also only had one species of  Carabidae, suggesting that species turnover may also play a role in not  
finding significant differences in the H’ values. This is not likely the case as both sites had the same total cumulative species  
richness for Carabidae. Another factor that can explain these results is the presence of  invasive plant species. Invasive plants can  
also shift the microclimate of  an environment to increase abundance of  certain taxa of  Carabidae while decreasing the abundance  
of  rarer Carabidae species.85 Human disturbance not only influences Carabidae fauna directly through alteration of  landscape and  
native vegetation but also through the facilitation of  invasive species.  
 
There was a significant decrease in Tenebrionidae abundance within the disturbed site of  TJ compared to that of  SD. Although  
the total pooled sample count of  Tenebrionidae species richness was lower in TJ than SD, there were not enough data points to  
run a t-test to confirm whether Tenebrionidae species richness was actually lower at TJ. Most species of  Tenebrionidae within the 
samples are detritivores.86 So a lower abundance in TJ could be explained by the decrease in native plant detritus due to the 
complete stripping of  topsoil along with native plants, creating conditions that are far less hospitable for Tenebrionidae beetles. 
Presently, there exists little to no research on how urbanization and invasive plants could be influencing the composition of  
Tenebrionids. The results here suggest that there may be a negative effect on these detritivorous invertebrates, indicating a slower 
rate of  decomposition at the human-dominated site. One other potential explanation for the difference in Tenebrionidae 
abundance between the two sites could be attributed to individuals within the genus Eleodes, which based on iNaturalist data 
suggests that they may be more abundant in May than April, as the SD dataset was sampled in May and the TJ dataset in April.87  
 
Silphidae showed a presence at SD, concentrated within one sample due to the presence of  a dead rodent within the sample. Dead  
rodents were also present in two samples in TJ, but no Silphidae beetles were observed. The Silphidae beetles collected from SD  
were likely attracted to recently deceased rodents that fell into the pitfall trap. Current published research indicates that Silphidae  
beetles are particularly sensitive to urbanization and have been shown to decrease in abundance and diversity with urbanization.88, 

89 Invasive plant species also have the potential to decrease the abundance of  some Silphidae taxa.90 Although no solid 
conclusions can be drawn from these samples, the observation suggests a decrease in Silphidae presence, potentially indicative of  
decreased decomposition rates by carrion beetles. A targeted study should be conducted to fully compare the difference in their 
presence between the two localities.  
 
Limitations  
Due to logistical and permitting constraints, the two locations were sampled at different times, about a month apart. However,  
temperature conditions were similar in March and April, as spring had already begun in coastal San Diego and Tijuana.  
Precipitation was slightly lower in the weeks sampling the San Diego site than the weeks sampling the Tijuana sites. However, just 
days before sampling began in the San Diego site, precipitation conditions were still similar in frequency and intensity. All  
identifiable beetles within this study’s samples should be present in similar abundance in both March and April, with the possible  
exception of  species in the genus Eleodes.87 The method of  invertebrate sampling using pitfall traps biases towards ground-
dwelling invertebrate taxa. By focusing only on ground-dwelling taxa and only drawing conclusions based on ground-dwelling 
taxa, we eliminate some biases in comparing community composition. However, for groups that have large taxa in both ground-
dwelling and arboreal or aerial lifestyles, such as spiders, it can only provide a limited view of  the overall composition of  the 
group. The pitfall traps are known for positive biases for ground-dwelling cursorial spiders that hunt actively, including spider 
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families such as Salticidae, Gnaphosidae, and Lycosidae. However, differences in cursorial spider taxa among the two study sites 
can still yield insight into cursorial spider community composition.  
 
The pitfall trap fluid chosen for this study could also influence the sample of  ground-dwelling invertebrates.91 However, while this 
may influence which invertebrates are more likely to be collected, it would not explain the difference in invertebrate abundance 
and composition from the different localities as both used the same solution.  
 
CONCLUSIONS  
This study is one of  the few studies that has considered and characterized the invertebrate composition of  a rapidly developing  
urban space in Tijuana, Mexico. Through the comparison of  invertebrate community composition in similar, but far less disturbed  
habitat at the San Diego border, inferences regarding anticipated shifts in invertebrate community composition in response to the  
rapid and ongoing urbanization in Tijuana was made. The study found that the ground-dwelling invertebrate communities in  
urbanizing TJ differed from protected SD sites in a couple of  key ways: (i) all-taxa invertebrate abundance was greater at TJ  
attributed largely to the increase in abundance of  non-native invertebrate taxa; (ii) spider community composition changed with 
an increase in spider abundance in TJ compared to SD attributed to Xysticus sp. increasing in abundance, and more sensitive spider  
taxa such as Gnaphosidae decreased in TJ compared to SD; and (iii) Beetle abundance and richness decreased in TJ compared to  
SD, partially attributed to a decrease in Tenebrionidae abundance. More research on invertebrate community composition in  
Tijuana will provide valuable information about how rapid urbanization is changing the invertebrate composition of  this area, in 
addition to providing important records of  invertebrates in Tijuana. The Tijuana area is under-sampled, so little is known about  
the invertebrates there. Understanding the effects of  rapid urbanization, coupled with the introduction of  exotic plants in 
southern California coastal sage scrub is important to the continued preservation of  sage scrub communities.  
 
Most of  the coastal sage scrub in San Diego is fragmented and destroyed, so the majority of  intact habitat now lies in the rapidly  
developing areas of  Tijuana, and as such is critically threatened. Future research should focus on long-term sampling of   
invertebrates in these areas to provide more robust datasets on invertebrate composition. Although outside the scope of  this  
study, future research should also look at the effect of  vegetation change and invasive plant species on invertebrate composition  
within coastal sage scrub in southern California and northwestern Baja California. This study did not sample for taxa that are not  
ground-dwelling, so future research should also study how aerial and arboreal taxa of  this region are being affected by changes in  
vegetation and increasing human disturbance. The information on invertebrate community composition can be used to provide  
important ecological indicators to habitat restoration.  
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PRESS SUMMARY  
Invertebrates such as spiders, beetles, and insects are some of  the most diverse and abundant groups of  terrestrial animals. This  
makes them excellent indicators for the health and well-being of  an ecosystem. They provide important roles within an ecosystem  
and can quickly respond to environmental changes such as urbanization. Urbanization, human disturbance, and the introduction 
of  invasive plants affect invertebrates and are changing community composition, structure, diversity, and abundance of  them. 
Some invertebrates can exploit these changes and increase in numbers; others are sensitive and disappear. The San Diego and 
Tijuana regions have been increasing in urbanizing pressure for decades. Tijuana is now one of  the fastest growing municipalities 
in Mexico and urbanization threatens the integrity of  much of  the remaining coastal sage scrub, an endangered ecosystem. The 
invertebrates currently residing in these semi-disturbed landscapes have rarely been sampled and investigated. In this study, one 
native plant nursery in an urbanizing area of  Tijuana at Vivero Hormiguitas and a protected site in Border Field State Park in San 
Diego are sampled to compare the differences in the invertebrate communities. There were more beetles and beetle species in 
protected San Diego sites lacking these disturbances while spiders appear to increase in abundance and number of  species in the 
human-disturbed site. Lastly, invasive species, especially pill bugs, showed dramatic increase in abundance in disturbed Tijuana 
sites, contributing to increased overall invertebrate abundance and decreased biodiversity in Tijuana compared to San Diego 
protected sites. The results show how the invertebrate communities of  Tijuana are currently shifting due to human impacts. 


