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Abstract: Fluxes of resource subsidy across ecosystems can affect consumer-community

dynamics in recipient systems. Bracken Cave is an unusual ecosystem because of the

magnitude of allochthonous input of guano that is produced by the largest bat

population in the world—a colony of more than 20 million Mexican free-tailed bats

(Tadarida brasiliensis). Research on the guano-subsidy ecosystems dynamics of Bracken

Cave is limited, but imperative to our understanding and conservation of this

extraordinary ecosystem. The objectives of this study are to determine the quantity
and quality of guano deposition across seasons and its effect on the macroinvertebrate

community and to examine the effect of the cave’s habitat characteristics, such as

distance from entrances and depth within the guano substrate, on the macroinvertebrate

abundance and taxon richness at Bracken Cave. Core samples of guano and

macroinvertebrates were collected at increasing distances within the cave on a monthly

basis. Guano from the core samples was analyzed with respect to C, N, and P to

determine guano quality variations. In addition, pitfall trap sampling was employed to

supplement the macroinvertebrate core sampling. An estimated dry weight total of
50,500 kg of guano was deposited on the 3078 m2 of floor from August 2009 to August

2010, with the highest rate recorded in September 2009 and the lowest in January–March

2010. Variations in guano deposits with respect to seasonality do not have a significant

effect on macroinvertebrate abundance and richness. On the other hand, habitat

characteristics significantly affected the macroinvertebrate abundance and richness in

the cave. Macroinvertebrate abundance decreased with increasing depth within the guano

substrate. Carbon concentrations were significantly higher in the top layers of guano, while

nitrogen and phosphorous concentrations were not significantly different with respect to
guano depth. Results from pitfall-trap sampling indicated that macroinvertebrate richness

was significantly higher near cave entrances. This study indicates that the invertebrate

community at Bracken Cave was relatively stable and experienced few seasonal

fluctuations, but was shaped by the micro-habitat characteristics of distance from

entrances and depth within the guano substrate. The bats and the nutrients that they

contribute play a central role as productivity donors to the bottom-up dynamics of one of

the most unusual cave ecosystems in the world.

INTRODUCTION

Fluxes of energy, nutrients, and materials across

ecosystems can affect consumer-community dynamics in

the recipient systems and produce a variety of ecosystem

dynamic outcomes (Polis and Strong, 1996). The rate of

input depends on many environmental and organismal

attributes and can determine the magnitude of subsidy

effects on the recipient ecosystems. Generally, allochtho-

nous inputs increase primary productivity; and conse-

quently, prey and predator populations (Polis et al., 1997).

However, large quantities of allochthonous input can

destabilize trophic interactions by stimulating the growth

of higher consumers, diminishing prey populations. Al-

though in some recipient systems, ample allochthonous

input can represent a constant energy supply that cannot

be overexploited, and thus, stabilizes ecosystem interac-

tions (Anderson and Polis, 2004). This is especially true in

unproductive systems, such as caves, that receive regular

inputs of subsidies (Schneider et al., 2011; Polis et al.,

1997).

Due to light limitation, cave ecosystems rely almost

entirely upon allochthonous energy fluxes originating from
surface ecosystems (Culver, 1985, 1982). Therefore, com-

munities in caves are profoundly impacted by the resource

subsidies that they receive. The types of resources that

enter caves vary in terms of regularity, duration, and

usability (Schneider et al., 2011). The most prevalent

resource inputs to caves are decaying leaf and woody debris

that has fallen or washed into caves and carcasses of

animals that fall into pit entrances or get lost within the
cave (Culver, 1982, Poulson, 2005, Schneider et al., 2011).
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Fecal matter deposited by cave inhabitants, such as crickets

and bats, also represents an important, nutrient-rich energy

resource for oligotrophic cave ecosystems (Poulson, 2005;

Ferreira et al., 2007; Fagan et al., 2007). Bat guano consists

of the egested waste and nitrogenous materials of animal

metabolism, which are rich in inorganic and organic

nutrients (Hutchinson, 1950).

Some caves are inhabited by high-density populations

of bats and receive large quantities of nutrient-rich guano.

In limestone caves of the southern United States and

Mexico, considerable quantities of bat guano have been

observed (Hutchinson, 1950). The guano acts as the

resource base of their food webs and can support relatively

large populations of detrivorous species such as inverte-

brates, fungi, bacteria, and other microorganisms. These

types of caves differ from other cave ecosystems in the

sense that they are not oligotrophic. However, our

knowledge of the effects of the guano-subsidy input on

cave-community dynamics is limited. In general, caves are

regarded as some of the least explored, but most fragile,

ecosystems in the world (Clements et al., 2006; Vermeulen

and Whitten, 1999; Dennis and Aldhous, 2004). The

purpose of our study is to examine the effects of guano

input on the macroinvertebrate-community dynamics of

Bracken Cave, which is a very unusual cave ecosystem in

terms of the amount of allochthonous input and a valuable

conservation resource in terms of housing the largest

population of bats in the world.

Along with energy fluxes, cave-habitat characteristics

can play an important role in influencing cave-community

dynamics. A multitude of factors such as lithology, cave

climate, and proximity to cave entrance define cave

habitats and can influence the distribution of organisms

that occur within them (Souza-Silva et al., 2011; Biswas,

2010; Lavoie et al., 2007; Ferreira et al., 2007). For

example, distance from the cave entrances and depth

within the guano create varying microhabitat conditions

that may translate to variations in the macroinvertebrate

abundance and richness. Cave entrances also provide an

opportunity for surface organisms to enter the cave, either

accidentally or intentionally, and this may also affect

macroinvertebrate community assemblages in the cave

(Ferreira et al., 2007). Interactions between energy

availability and habitat characteristics create unique

microhabitats and ecological niches within a cave. Ferreira

et al. (2007) found that organisms in a guano-subsidy cave

were more dependent upon their microhabitat than the

overall cave conditions. Thus, the variability of energy

input and habitat conditions and their interactions must be

taken into consideration to gain an understanding of the

factors that influence cave communities.

This study focused on the ecosystem interactions at

Bracken Cave and tested three hypotheses, 1) that seasonal

changes in bat-population densities and the quantity of

guano input influence cave invertebrate abundance and

taxon richness, 2) that cave-invertebrate abundance and

richness will significantly vary with habitat characteristics

such as distance from the cave entrances and depth within

the guano substrate, and 3) that differences in the carbon,

nitrogen, and phosphorous nutrient composition in the

guano will indicate guano quality variability and its effect

on the macroinvertebrate community. Through this study

we gain a greater understanding on the role of guano

subsidy input and its effect on the community dynamics of

Bracken Cave.

MATERIALS AND METHODS

BRACKEN CAVE

Bracken Cave is located in a suburban setting near San

Antonio, Texas. The cave and the 282 hectares surrounding

it are managed by Bat Conservation International. The

cave consists of two rooms that comprise an estimated

3078 m2 (Fig. 1). A maternity colony of more than 20

million Mexican free-tailed bats (Tadarida brasiliensis)

inhabits Bracken Cave (BCI, 2013a) during March through

October. In addition, the cave is occupied by a significantly

smaller overwintering population of Mexican free-tailed

bats. Due to the prolonged use of the cave by bats, it is

estimated that guano fills about half of the cave volume

(Fran Hutchins, pers. comm., February 2011).

MEXICAN FREE-TAILED BATS

Mexican free-tailed bats (Tadarida brasiliensis; BCI,

2013b) occupy a wide variety of habitats and can be found

throughout the southern portion of the United States, but

the densest concentrations of this species are found in

Texas, where they form maternity colonies numbering in

the millions. The majority of the maternity colonies are in

limestone caves, in abandoned mines, under bridges, or in

buildings. It is estimated that 100 million Mexican free-

tailed bats come to central Texas each year to raise their

young (BCI, 2013b, Cleveland et al., 2006). Nursing

females require large quantities of insects that are high in

fat, which they obtain by consuming egg-laden moths. The

100 million free-tailed bats living in central Texas caves

consume approximately 1,000 tons of insects nightly,

a large proportion of which are agricultural pests.

Therefore, the ecological and economic impacts of these

large bat colonies are highly significant (BCI, 2013b).

MACROINVERTEBRATE ABUNDANCE AND

TAXON RICHNESS

In order to monitor macroinvertebrate population

differences with respect to cave entrances, the cave was

divided into three regions of relatively equal area at

increasing distance from the natural entrance: entrance

zone, twilight zone, and dark zone. However, a smaller

artificial man-made ceiling entrance exists in the dark zone

of the cave (Fig. 1). Each region was approximately 45 m

in length, with an average width of 30 m.
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We collected three core samples from each region on

a monthly basis for five months (August–December 2009).

This was accomplished by randomly inserting a PVC pipe

sampler 0.08 m in diameter and 0.91 m long into the cave

floor and determining the taxa richness and abundance of

organisms present between the surface and 0.91 m of guano

depth. The method for extracting stratified guano for this

study is one that was used by Altenbach and Petit (1972) to

study the effects of pollution and heavy metals on the

environment. This involved inserting a pipe into the guano,

digging a trench around it in order to place a stopper at the

bottom, and then extracting the pipe or core sampler. As

soon as the sample was collected, three plastic dividers were

inserted into the PVC pipe to divide the guano into four

0.23 m layers and prevent guano and organism displacement

during the extraction. The length of the layers and length of

the pipe used were determined through preliminary data

collection, where 0.91 m depth of guano was examined using

the same pipe-trench method, which showed that guano

layers were significantly different in texture and color at

approximately every 0.23 m in depth. These layers roughly

correlate to a yearly deposit of guano (Wurster et al., 2007).

During this study, we examined the top four apparently

distinctive layers of guano and the macroinvertebrates

Figure 1. Map of Bracken Cave, Garden Ridge, Texas (modified from Kastning, 1983). The map includes the division of the
cave into zones of 45 m in length.
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within each of these layers. Macroinvertebrates in each core

sample layer were separated in the lab from the guano

mixture using a 1 mm sieve, picked and placed in 70%

ethanol for preservation, and later identified to the lowest

taxonomic level possible (typically family or genus level).

In addition to core sampling, we also employed pitfall

trap sampling to measure macroinvertebrate abundance

and richness. The pitfall traps were used to supplement the

invertebrate core-sampling method and ensure that our

samples contained a more comprehensive representation of

the cave organisms. Three pitfall traps 0.06 m in diameter
with a volume of 236.59 cm3 were installed in each zone of

the cave for 48 hours in November 2009, April 2010, and

July 2010. The pitfall traps were filled with 50% water and

50% of a 70% ethanol solution. Ethanol has been shown to

be an effective pitfall trap preservative, and we mixed it

with water to reduce evaporation (Aristophanous 2010).

Pitfall-trap specimens were preserved in 70% ethanol and

identified to the lowest possible taxonomic level. In
addition, pitfall-trap samples were sub-sampled to one-

fourth for macroinvertebrates larger than 1 mm and one-

twelfth for macroinvertebrates smaller than 1 mm. Sub-

sampling was conducted because of the large number of

macroinvertebrates contained in each pitfall trap.

GUANO DEPOSITION RATE

Guano is the base food resource for the food web in

Bracken Cave. Therefore, determining the quantity and

quality of the guano is essential to understanding this

ecosystem. Guano deposition samples were collected in six
plastic containers 0.34 m by 0.21 m by 0.12 m. Each cave

zone (Fig. 1) had two randomly placed containers that were

collected every month from September 2009 to August 2010.

This was conducted to assess the quantity and seasonal

variation of the guano being deposited. The guano was then

dried at 60 uC for 72 hours and weighed to the nearest 0.1 g.

GUANO NUTRIENT ANALYSES

Guano collected during core sampling was also

examined with respect to nutrient composition. Thirty-six

samples (9 replicates 3 2 seasons 3 2 guano depth layers)
were analyzed to determine the concentrations of carbon,

nitrogen, and phosphorous in guano samples from summer

and winter bat-population seasons and top and bottom

guano depths. To determine carbon and nitrogen concen-

trations, samples were processed using the Flash EA 1112

Elemental analyzer. Samples were analyzed for phospho-

rous content by the Soil Testing Services at the University

of Missouri. The samples were dry-ashed using an
adaptation of AOAC 985.01 (Isaac, 2009), and phospho-

rous content was determined through inductively coupled

plasma-atomic emission spectroscopy (US EPA 1992).

STATISTICAL ANALYSES

An unbalanced ANOVA was used to estimate if there

were any significant differences between the guano deposit

rates, where weight of the samples was the response

variable and the distance from the entrances and season-

ality were the two predicting factors. To investigate the

variability in macroinvertebrates from the core-sample

data with respect to distance from the entrances, guano

depth, and seasonality, we employed two linear mixed-

effects models. Seasonality was the random predictor

variable, and cave zone and guano depth were the fixed

predictor variables in the models. The guano depth data

were organized to compare the two top layers of guano

with the two bottom layers of guano. Macroinvertebrate

abundance, as number of macroinvertebrates per sample

per month, was the response variable in one of these

regression models, and macroinvertebrate richnes, as

number of taxa per sample per month, was the response

variable in the other model. The abundance data were log10

(n+1) transformed to meet the normality and homoscedas-

ticity assumptions. The pitfall traps were analyzed using

unbalanced ANOVAs with macroinvertebrate abundance

(number per sample) and richness (taxa per sample) as the

response variables and seasonality and cave zone as the

predicting factors for both ANOVAs. The macroinverte-

brate abundance data from these pit-fall samples was

natural-log (ln) transformed to achieve normality and

homoscedasticity. Finally, we used two-way balanced

ANOVAs to compare the C, N, and P content in the

samples, and we used one ANOVA for each C, N, and P

where seasonality and guano depth were used as factors for

each of the tests. All analyses were performed using the

statistical programming language, R.

RESULTS

SEASONAL GUANO DEPOSIT COMPARISONS

We determined that the amount of guano deposition

per month ranged from the highest of 11,337 6 637 kg

(September 2009) to the lowest of 66 6 50 kg (January–

March 2010) when extrapolating to the total cave area

(Fig. 2). The average guano deposition in Bracken Cave

was approximately 4,210 6 989 kg per month. The

deposition of guano varied significantly between months

(F1,27 5 16.87, P , 0.001), (Fig. 2) but did not differ with

respect to distance from the entrances when comparing the

three cave zones (F2,27 5 2.68, P 5 0.09) . Lastly, the total

estimated guano deposition in the cave was 50,521 6

11,868 kg for August 2009 through August 2010.

MACROINVERTEBRATE COMMUNITY STRUCTURE

The macroinvertebrate sampling at Bracken Cave

collected and identified 754,265 individual macroinverte-

brates. Invertebrates were classified in eight orders of at

least ten families. Acarina was by far the most abundant

order, containing 95.91% of the macroinvertebrates ob-

served. The second most abundant order was Coleoptera,

containing 4.01% of the macroinvertebrates, and the most
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abundant families of this order were Dermestidae and

Tenebrionidae (Table 1).

Linear mixed-effect model analyses revealed that month-

ly seasonality only explained 28% of the variation in

macroinvertebrate abundance and 2.4% of the variation in

macroinvertebrate taxa richness from the core samples

collected August through December 2009. The highest

abundance (14,216.87 6 3,633.73 number per cubic meter

per month 6 SE) and richness (2.22 6 0.09 number of taxa

per month) were encountered during the month of

September, while the months of August, October, Novem-

ber, and December displayed similar, but lower, values in

macroinvertebrate abundance and richness (Fig. 3). In

addition, cave zones or distance from entrances did not

significantly affect macroinvertebrate abundance (F1, 115 5

1.66, P 5 0.19) and richness (F1, 117 5 0.17, P 5 0.67). Zone

2, or the twilight zone, displayed the highest abundance of

7,351.81 6 187.95 and richness of 1.82 6 0.02, but this was

not significantly higher than zone 1 or 3. Guano depth was

significantly correlated with macroinvertebrate abundance

(F 1, 117 5 8.56, P5 0.004*) but not richness (F 1, 117 5 3.46,

P 5 0.07) (Fig. 4). The top two layers of guano displayed

significantly higher abundance (5,431.33 6 110.84) when

compared to the bottom two layers of guano (3,549.40 6

156.63). Richness of taxa was slightly higher, but not

significantly different, in the top layers of guano (1.80 6

0.01) versus the bottom layers of guano (1.57 6 0.02).

The abundance of organisms found during pitfall-trap

sampling was not significantly correlated to seasonality

(F2,13 5 3.17, P 5 0.07) or cave zones (F2,13 5 3.16, P 5

0.07). The highest abundance of macroinvertebrates was

collected during the month of July (2.39 3 108 6 1.14 3 108)

(number of organisms per cubic meter per month),

compared to the average seasonality abundance (1.24 3

108 6 0.62 3 108). In addition, the highest abundance of

macroinvertebrates was collected in zone 3, 2.32 3 108 6

1.16 3 108, compared to the average zone abundance of 1.35
3 108 6 0.71 3 108. However, a significant correlation was

found between taxon richness and cave zones (F1,13 5 8.91,

P 5 0.004) (Fig. 5), but not seasonality (F1,13 5 3.48, P 5

0.06). Zone 2 (4.75 6 0.37) (number of taxa/month)

displayed significantly lower macroinvertebrate richness

Figure 3. Macroinvertebrate density (number per cubic meter) and richness (number of taxa) ± SE of Bracken Cave

encountered in core samples from August through December 2009.

Figure 2. Mean weight in six locations of guano deposition
(g m22) per month (September 2009 through August 2010).

Error bars are standard error. The guano deposition observed

throughout the months varied significantly (F1,27 = 16.87,

P , 0.001).
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than zone 1 (6.50 6 0.56) and zone 3 (6.63 6 0.53). The

highest macroinvertebrate richness was observed in April

2010 (6.40 6 0.98), compared to the seasonal average (5.97
6 0.64).

GUANO NUTRIENT ANALYSES

Carbon concentrations (moles/g) significantly differed

between different layers of guano depth (F1,32 5 7.04, P 5

0.01), but did not differ with seasonality (F1,32 5 1.40, P 5

0.25). Moles of carbon per gram were significantly higher in

the top layer of guano (0.034 6 8.19 31025 mol g21, mean 6

SE) versus the bottom layer (0.031 6 3.27 3 1024). The mean

overall carbon content found in the samples was 0.033 6

0.001 mol g21. Alternatively, nitrogen moles per gram did

not differ significantly with respect to guano depth (F1,32 5

0.02, P 5 0.9) or seasonality (F1,32 5 2.41, P 5 0.13). The

mean nitrogen content estimated from the samples was

0.009 6 0.0002 mol g21. Similarly, phosphorous in moles

per gram did not significantly differ with respect to guano
depth (F1,32 5 0.12, P 5 0.74) or seasonality (F1,32 5 1.33, P

5 0.26) (Fig. 6). The mean phosphorous content estimated

from the samples was 0.0005 6 2.57 3 1025 mol g21.

DISCUSSION

We observed a huge flux of cross-ecosystem subsidy and

a high abundance of macroinvertebrates in Bracken Cave,
a stable microenvironment of unlimited guano supply. By

providing energy and nutrients, the bats play a central role

as productivity ‘‘donors’’ to the ‘‘bottom-up dynamics’’ of

the cave ecosystem. The guano input at Bracken Cave

significantly varied with seasonality due to fluctuations in

bat population densities. But these variations do not seem

to translate into changes in macroinvertebrate population

abundance and richness as indicated by the guano core
sampling and pitfall-trap sampling. This is contrary to our

first hypothesis and other related studies that have shown

cave organisms will respond to fluctuations of nutrient

supplies delivered to the cave (Humphreys, 1991; Poulson,

2005). However, Bracken Cave differs from most caves in

Figure 5. Comparison of mean macroinvertebrate richness ± SE (number of taxa) found in the cave zones (Fig. 1) during

pitfall-trap sampling. Richness was significantly different between the three cave zones, since zone 2 had a significantly lower

richness when compared to zones 1 and 3 (F1,13 = 8.91, P = 0.004).

Figure 4. Mean macroinvertebrate density (number per cubic

meter) ± SE of Bracken Cave with respect to guano depth

encountered in the core samples. The top half of the cores (0–
0.45 m) displayed significantly higher macroinvertebrate

abundance than the bottom half (0.45–0.91 m) (F1,117

= 8.56, P = 0.004).
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that there is a constant and plentiful amount of guano

available throughout the year, despite the varying densities

of bat population and rate of guano deposition. In some

places, the guano can reach depths of over 20 meters (Fran

Hutchins, pers. comm., February 2011). In addition,

nutrient analyses from this study demonstrated that guano

contents of carbon, nitrogen, and phosphorous do not

differ with respect to seasonality. The constant supply of

guano and the lack of seasonal variability in nutrient

quality, explains the lack of fluctuations in macroinverte-

brate abundance and richness with respect to seasonality.

Secondly, we observed an insignificant difference in

macroinvertebrate abundance and taxa richness in the

guano core samples at different distances from the

entrance. Our results from core samples contradict our

second hypothesis and indicate that macroinvertebrate

populations are not significantly correlated with the

distance from entrances. These findings are supported by

our observations that the amount of guano distribution is

relatively even throughout the cave and indicate that guano

availability, and not distance from the entrance, influenced

macroinvertebrate abundance and taxa richness in Bracken

Cave. However, we did observe a significant difference in

macroinvertebrate richness, but not abundance, from the

pitfall trap samples when comparing the three cave zones.

The two cave zones with the highest macroinvertebrate

richness were near entrances and had a higher incidence of

trogloxenes (accidental cave organisms). The negative

relationship between cave depth and richness is also

supported by other studies (Ferreira and Martins, 1998;

Ferreira et al., 2007). Ferreira et al. (2007) also observed

a reduction in diversity with increasing distance from the

cave entrances in a guano-subsidy cave. It is not surprising

that this difference in macroinvertebrate richness was

detected from pitfall-trap sampling but not guano-core

sampling. Pitfall traps allow for a longer time, and

presumably, larger area of sampling, and the probability

of capturing rare organisms and actively moving organisms

is higher with this method. Additionally, the pitfall trap

samples included a higher range of macroinvertebrate sizes,

because the guano core samples discriminated against

smaller invertebrates (less than 1 mm). Thus, cave

entrances play an important role in introducing organisms

to cave ecosystems and influencing the cave richness of

microhabitats near these entrances. However, the distance

from the cave entrance does not correlate with guano

availability and does not influence the populations of the

predominant organisms found at Bracken Cave.

Lastly, analysis of guano core samples indicated that

there was a significant difference in macroinvertebrate

abundance, but not taxa richness, when comparing the

different layers of guano depth. These results were

anticipated and concurred with our third hypothesis,

because abiotic conditions such as oxygen concentration,

moisture, and temperature (Sanders, 1981), and biotic

conditions, such as microbial activity, vary with soil or

substrate depth (Fierer et al., 2003). Reduced space among

guano particles in the deeper layer can be another limiting

Figure 6. Carbon, nitrogen, and phosphorous concentrations (mol g21) compared between top (0–0.46 m) and bottom halves

of the (0.46–0.91 m) guano cores. Carbon content (mol g21) was the only nutrient that varied significantly with respect to

guano depth (F1,32 = 7.04, P = 0.01).
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factor. These changes in abiotic and biotic conditions may

have led to the variation in the abundance of macro-

invertebrates. Another explanation for these results could

be the decrease of guano quality with increasing depth and
time (Hutchinson, 1950). The nutrient analyses from this

study demonstrated that top layers of guano had signifi-

cantly higher levels of carbon, but not nitrogen and

phosphorous, when compared to the bottom layers of

guano. We also expected macroinvertebrate richness to

follow a similar pattern, but this was not the case.

However, macroinvertebrate richness (.1 mm inverte-

brates) at Bracken Cave is relatively low, as the ecosystem
is dominated by abundant populations of Dermestidae and

Tenebrionidae beetles. These beetles were ubiquitous

throughout the 0.91m of guano depth analyzed. Perhaps

if greater depths of guano are analyzed we may detect

differences in macroinvertebrate richness with respect to

substrate depth.

We presume that the abundant quantity, equal-area

distribution, and equal nutrient composition of guano with
respect to season have created a fairly stable ecosystem

supported by a considerable amount of cross-ecosystem

subsidy in Bracken Cave. This ecosystem experiences

relatively few fluctuations in macroinvertebrate abundance

and taxa richness with respect to seasonality. Macroinver-

tebrate richness also does not vary in the guano depth

examined, and abundance is not correlated with the

distance from the cave entrances. However, evidence from
pitfall-trap sampling suggests that cave entrances do play

a role in the introduction of accidental macroinvertebrates

to the cave ecosystem. The effect of these trogloxenic

animals may be insignificant to the overall community

dynamics of this ecosystem due to their low incidence.

CONCLUSION

This study provides a description of the community and

ecosystems dynamics of one of the most unusual, but

understudied, ecosystems, Bracken Cave. Our study is the

first to focus on the bat-guano subsidy and macroinverte-

brate community of this extraordinary cave ecosystem to

determine how the habitat characteristics of distance from

an entrance and guano depth, guano quantity and quality,

and seasonality affect the macroinvertebrate community of

Bracken Cave. Our findings indicate that the macroinver-

tebrate communities of Bracken Cave do not experience

large fluxes in abundance or richness with respect to

season. But macroinvertebrate populations did fluctuate

with respect to distance from the cave entrances and guano

depth. Additionally, guano nutrient quality, and not

variations in quantity, may also be one factor that

influences macroinvertebrate biodiversity in this cave. This

study represents an initial but an important and compre-

hensive view of the Bracken Cave ecosystem. The in-

formation gained from this study improves our under-

standing of the Bracken Cave ecosystem and can aid

managers in developing management plans to conserve this

distinctive ecosystem.

Concern over cave ecosystems and the cave-limited

species that inhabit them has escalated over the last two

decades (Schneider et al., 2011). But despite recent

advances in cave research, cave ecosystems and the threats

that they face remain understudied (Marmonier et al.,

1993; Elliott 2000; Hancock et al., 2005). Bracken Cave,

located in a suburban setting, is constantly threatened by

the effects of urbanization and further development in the

growing metropolis of San Antonio (BCI, 2013a). Da-

mages to this extraordinary and not yet fully understood

ecosystem would undoubtedly have devastating effects on

the bat community, which would, negatively affect the

local economy of the region. Cleveland et al. (2006)

estimated that pest-control services provided by Mexican

free-tailed bats have an average to an annual value of

$741,000 per year, with a range of $121,000 to $1,725,000

per year in the south-central Texas area. Therefore,

understanding cave ecosystems and their community

dynamics is imperative for the preservation of the

organisms that occupy them and the benefits gained

through the ecosystem services that they provide.
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