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Introduction

tc \l1 "Introduction
The bat monitoring protocol for Organ Pipe Cactus National Monument (ORPI) was completed in May 1994 by principal investigator, Yar Petryszyn. The initial research for this protocol was conducted with the help of park resources management staff in August and September 1993.

tc \l1 "Bats comprise the second largest taxonomic group of mammals in the world; only the Order Rodentia has more species.  The 28 species of bats recorded in Arizona represents the most diverse bat fauna of any state in the United States, other than Texas.  Bats are an important component of ecological systems in the southwest U.S.  The abundance and diversity of bats and their trophic position as secondary and primary consumers adds to the complexity in food webs in all but the driest of desert ecosystems.

Twenty-six of the 28 species of Arizonan bats are insectivorous, with the other 2 species being nectar/fruit eaters (Hoffmeister, 1986).  Most insects are primary consumers, thereby channeling and possibly concentrating any environmental contaminants.  With the great number of insects that bats eat, further bioaccumulation of contaminants may occur, and consequently bats can serve as environmental bio-indicators.  Population declines in some bat populations were noted through the 1950s and 1960s due, at least in part, to the effect of heavy metals and pesticides (such as DDT) in the environment.  The nectar/fruit eating bats serve as important pollinators for several species of large, columnar cacti that are unique to the Sonoran desert, including saguaro, organ pipe, and senita cactus.

Several factors make bats difficult creatures to study, resulting in limitations to gaining a detailed understanding of basic information pertaining to changes in abundance, life history parameters, and species diversity.  Theses include extreme mobility, widely dispersed populations for some species, nocturnal activity patterns, and well hidden and/or inaccessible roost sites.

Counting bats in a day roost or during evening exit flights from a day roost are the best methods of monitoring bat populations.  However, for many bat species this is not practical because (1) locations of roosts may not be known, (2) some species do not concentrate in large roosts, (3) some species move to other locations when disturbed, (4) some species move from roost site to roost site on a regular basis, (5) some species have sexually segregated roosts, and (6) often a roost may be used at the same time by several species.

Although bats have fairly high urine-concentrating abilities, research on daily water budgets has shown that  insect diets are not high enough in water content to preclude desert bats’ reliance on free water (Carpenter 1969, Bassett 1982).  Therefore, because bats need to drink water every day, this allows for a means of sampling bat species diversity and relative abundance by using mist nets as traps, strung at water sources.  Compared to other Southwest areas with local perennial streams and rivers, the lower Sonoran desert environment is well-suited to using waterhole mist-netting for capturing bats since during the hot spring and summer months, bats must visit the few available surface water sites to drink.

Although mist‑netting has its shortfalls, it provides about the only method (other than roost and flight counts) of determining the diversity and relative abundance of bats in a specific area.  Although the warm desert landscape of OPCNM may be conducive to productive mist-netting, it is important to realize the shortcomings of such a practice. Some of these are:


1.
Not all species of bats have the same propensity to be netted.  The echolocation ability of bats varies greatly from species to species, and some are more likely to pick up the presence of a net.


2.
The ability to use certain water sources varies among bat species.  Some are capable of utilizing the smallest of waterholes, while those with narrow wings need a sizable expanse of water from which to drink.


3.
The number of available water sources may change as variation in rainfall from year to year affects how much water is present.  Presumedly, the dispersion of bats increases with a greater number of water sources.


4.
Variation in netting conditions may affect results. For example, changes in temperature, wind, barometric pressure, moonlight, and storms can effect bat foraging activity. There may be some conditions that cause many bats to remain in their roost. Additionally, even a slight breeze can billow the nets, increasing the likelihood of detection by bats and therefore, decreasing the effectiveness of netting.

Although these factors appear to preclude any chance of gathering data that are meaningful, they can be minimized to initiate a viable monitoring program that results in data that is useful.  Bats, like most other animals, are creatures of habit.  They tend to use the same water sources (if they are available) from year to year.  Therefore, the key concept in obtaining meaningful data is consistency, i.e., netting the same water source during the same period of time under the same conditions as much as possible.  These tactics, coupled with using the same number and size of nets should provide data that reflect, given a long enough time series, gross changes in bat diversity and numbers.

More surface water sources existed historically in OPCNM than are currently present.  Cattle grazing was allowed between 1915 and 1978, and with it came the associated wells and water developments (Brown et al. 1981).  Although cattle were removed soon after OPCNM was declared wilderness in 1978, the NPS continued to pump water to 4 concrete troughs for wildlife use until the mid-1980s.  Bat surveys initiated by E. Lendell Cockrum in the late 1970s were conducted at these easily accessible artificial water sources, as well as at several natural water sources and known roost sites. A bat species checklist was generated as a result of this survey, with a total of 12 species recorded for the monument (2 more species have been recorded in later years) (Cockrum 1981).

Surface water sources currently consist principally of tinajas: natural bedrock tanks in drainages recharged by rainfall and run-off.  Approximately 45 tinajas large enough to maintain water year-round have been inventoried, but most are intermittent or ephemeral, depending on location and annual precipitation.  Seven geographically dispersed, reasonably accessable water sources were chosen for long-term monitoring sites.  Several, such as Wild Horse Tank and Bates Valley tinaja, are natural tinajas with man-made enhancements (concrete dikes).  Two permanent water sources exist in OPCNM, Quitobaquito Pond and Dripping Springs.   Sites are netted at the hottest, driest time of year (May and June) during nights with little or no moonlight.

Methods

tc \l1 "MethodsList of Materials

tc \l2 "List of MaterialsThe following materials are required for mist netting of bats:

Mist nets
5.5‑m (18‑ft), 9.1‑m (30‑ft), 18.3‑m (60‑ft) and 36.6‑m (120‑ft) (two 18.3‑m (60‑ft) nets tied together). For Quitobaquito Pond, only the 36.6‑m (120‑ft) net is needed.

Poles
Two 1.5‑m (5‑ft) segments joined by a sleeve are needed at each end of the net. Three segments at each end are needed for Quitobaquito Pond.

Anchor cord for poles
Any strong string or cord will do.

Stakes
The type used for tents

Millimeter ruler
Flexible plastic, 150 mm (6 in) is sufficient. Cutting the end off so it is even with the “0” mark makes for easier use.

Scales (2)
100 gm (3.5 oz) (Pesola recommended).

Zip‑lock storage bags
For containing bats while weighing. Safe for the short time the bats will spend in them. Quart capacity will suffice for most bats.

Cloth bags
For holding bats after removing from net. Should have string or cloth ties.

Headlamp
This frees both hands for handling bats.

Leather gloves
Light-weight. Deerskin gloves are very good, with the exception of handling large Eumops spp.

Watch
To note the time of capture.

Clipboard
For holding data forms

Data forms
See Appendix 7‑1.

Pencils
To complete data forms.

Insect repellant
Use as needed.

White‑out
If marking bats is a consideration.

References
Description of Bat Species Found in Arizona (Appendix 7‑2)

Myotis spp. Identification Key (Appendix 7‑3)

Cross‑referenced Index of Bat Taxa (Appendix 7‑4)

Mammals of Arizona (Hoffmeister 1986) and possibly other references such as The Mammals of North America (Hall 1981).

Camera, film, and flash
For voucher pictures.

Procedure for Mist Netting

tc \l2 "Procedure for Mist NettingNets should be in place at sunset. To minimize the capture of any birds, keep the nets closed until just before dark. Usually, it is obvious when birds such as doves, thrashers, swallows, etc. stop flying for the evening.

Nets should be set across the middle of small pools, if at all practical. For larger pools, a net set up at the lip of one edge usually proves to be productive.

It is much easier to set up nets with 2 people. One person can hold the pole and net while the other places the panel end‑loops over the pole and anchors the pole with cord. The cord may be tied to any nearby object stout enough to hold both the pole and net, or tied to stakes driven into the ground for that purpose.

When anchoring the poles that hold the net, the top 3 panel end‑loops should be placed above the anchor cord, and the bottom 2 loops below the anchor cord. Occasionally, the terrain may warrant more net area below the anchor cord (such as across a small ravine, where the poles are on slopes). Under these conditions, 3 panel end‑loops are placed below the anchor cord.

The net should be spread taunt enough so that a 2.5‑cm (1-in) bag droop occurs in each of the panels. The net itself should be stretched tight. As the evening progresses, the rise in humidity will cause the net to droop, so periodic adjustments should be made to keep the net taunt.

Nets should not be placed more than 30.5 m (100 ft) apart. Any greater distance makes it cumbersome to check nets and time is wasted traveling between them.

The nets should be checked every 5 min. Bats are capable of swiftly chewing holes in nets. If they are left unattended, the nets may become riddled with holes in a short time.

Nets should be maintained until midnight, at which time they should be closed. Much of the bat activity at water sources occurs in the first half of the night. Maintaining nets until midnight provides an adequate representation of bat use.

To close a net, push all the panel end‑loops together at the anchor cord on the pole. Take a 30.5‑cm (12-in) piece of plastic flagging and tie the end‑loops together, using a single knot. (Do not include the anchor cord.) Do this at both ends of the net. (This keeps the loops from getting tangled in the net.) One end of the net can then be taken off the pole and folded toward the other end. When the net is completely folded, place the tied end‑loops together and stuff the net into a bag for safe keeping.

Recommendations

tc \l3 "RecommendationsFor best netting results, it is advisable to consider the following:


1.
Sample water sources at different locations; however, whether the water source is small, large, in the open, secluded, or so forth, the same water source should be monitored from year to year.


2.
Monitor the sites during the latter part of May or in June. This is the driest time of the year with chance of storms almost nonexistent. In May and June it is warm enough that insects are active, therefore, the bats should be active as well. Also, because the number of available water sources are limited at this time of year, the bats are usually more concentrated.


3.
Net during moonless nights. Bats possess good eyesight and they are capable of seeing a moonlit net.

Capturing and Handling Bats

tc \l2 "Capturing and Handling BatsThe actual capture and handling of the bats is an effort that requires full concentration and attention. Bats can chew holes in the net if left unattended for any length of time, and can become easily entangled. In the intervals between checking the nets, bat extraction, and data collection, flashlights should be off, and talking kept to a minimum. This helps both to maintain concentration and to avoid scaring off the bats.

When a bat is caught in the net, quickly move to extract it before it can escape or become further entangled. Determine from which side of the net the bat entered. Immobilize the bat with a gloved hand (or give the bat a gloved finger to chew on for distraction) and carefully remove the net strands from head, body, and wings. Be especially careful with the fragile wing membrane and bones.

Place the bat in a cloth bag if it cannot be processed right away.

Recommendations

tc \l3 "RecommendationsFor best sampling results, it is advisable to consider the following:


1.
Do not mark the bats. It can safely be assumed that each bat captured in a net during any given night will not be recaptured in that same net during that same night. Past experience with hundreds of marked bats has proven that only a fraction of a percent are ever recaptured the same night. Nonetheless, if there is a desire to mark bats in order to periodically check the probability of recaptures during the same night, a spot of ‘white‑out’ applied to the back of the bat’s head works well as a temporary mark. The ‘white‑out’ is non‑toxic and wears off after several days.

Data Collection

tc \l2 "Data CollectionAll data are entered into an Access database after completion of monitoring, therefore, a data form must be completed for each trapping event at each location. The sample data form (Appendix 7‑1) may be modified at your discretion; however, certain information is required to assure that proper data are collected:


1.
Location. This is the name of the water source or flyway. Include drainage name, wash or canyon, county, and description of location (miles from..., or Township, Range, Section). Also include elevation, if available.


2.
Date. Indicate the day, month, and year that netting occurred.


3.
Weather conditions. Include cloud cover, estimated wind speed, humidity (muggy, dry, etc.), and temperature at start and finish.


4.
Moon. Indicate the phase of the moon and when moonrise or moonset occurred.


5.
Time. Record the time captured for each bat in the net. Occasionally, the time of capture may be approximated when several bats are being removed from the net.


6.
Species. Record the species of each bat captured. (See Appendices 7‑2 through 7‑4.) To speed up the process, a 4 letter acronym using the first two letters of the genus and species may be used, e.g., PIHE, MYCA, etc.


7.
Sex. Use the symbols _ (for male) and _ (for female).


8.
Forearm. Record forearm length (right or left, length is undifferentiated). Record the measurement in millimeters, however, do not include a “mm” suffix—this measurement is understood to be in millimeters. Not all bats need to be measured; only those for which this measurement may aid in identification. Those species for which forearm measurement may be helpful in identification are: Myotis (see Appendix 7‑3), Eumops, and Nyctinomops (see Appendix 7‑2).


9.
Ear. Record ear length (right or left, length is undifferentiated). Record the measurement in millimeters, however, do not include a “mm” suffix—this measurement is understood to be in millimeters. Not all bats need to be measured; only with some Myotis will ear size be helpful in identification. (See Appendix 7‑3.)


10.
Weight. If possible, each bat should be weighed. The bat may be placed in a plastic Zip‑lock storage bag and weighed on a scale (Pesola recommended). Be certain to deduct the weight of the bag from the total weight when determining the weight of the bat. The use of a 50‑gm (1.75‑oz) capacity scale would be preferred for all species but Eumops, which may require the use of a 100‑gm (3.5‑oz) capacity scale. The brief span of confinement to the storage bag during weighing is not detrimental to the bat.


11.
Individual notes. Indicate breeding status (for females: pregnant, lactating, post‑lactating, non‑parous; for males: testes descended [TD]); whether adult or juvenile; ectoparasites; any anatomical damage, e.g., hole in wing and so forth for individual samples.


12.
Time net opened/Time net closed. Record the time when the net was opened as well as when it was closed.


13.
Collective notes. Record comments and other remarks regarding overall observations.

Locating the Monitoring Sites

tc \l2 "Locating the Monitoring SitesThe same sites should be sampled year after year. The sites chosen during the research phase of the protocol development offer a range of water hole types and locations and are adequately productive.

Monitoring sites (with mist net requirements) follow:

North Fork Alamo Canyon

tc \l3 "North Fork Alamo CanyonThis site has been netted several times in the last 2 decades, as well as in 1993. The most frequently used trapping spot has been the pool in the wash, just below the corral. When water was pumped into the cement holding tank, this pool had dependable water, even in the driest of times. However, since the pumping of water ceased, this pool is usually dry. (Several small pools that usually contain water may be found approximately 0.8 km (0.5 mi) up North Fork Alamo Canyon from the junction with South Fork.)

Two nets should be used here. Anchor 1, 5.5‑m (18‑ft) net across a small pool and 1, 9.1‑m (30‑ft) net over water “downstream,” where the wash broadens out slightly. (If no water is available, then the net should be set anyway, across the drainage. Bats use these drainages as flyways in addition to getting drinks of water.)

The 2 nets should be set preferably closer than (and definitely no further than) 30.5 m (100 ft) from each other.

South Fork Alamo Canyon
This tinaja lies ca. 2 km up from the old corral.  Follow the south fork drainage bottom until you reach a pourover and then walk around the pourover by skirting it’s east side.  A deep tinaja lies just above the pourover, and retains water in all but the driest of years.  A single 18 ft net is set up in a ‘V’ configuration by wrapping the net around a pole such that the closed end of the ‘V’ lies at the downstream end of the tinaja.

Wild Horse Tank

tc \l3 "Wild Horse TankThis site was netted in 1993 for the first time. The water source is a small‑ to medium‑sized pool at the base of a 3‑m (10‑ft) cliff. A single, 9.1‑m (30‑ft) net, set at the edge of the pool, is sufficient to sample this site.

Bull Pasture

tc \l3 "Bull PastureThis site has been netted several times in the last 2 decades, as well as in 1993. The tinajas located in the narrow canyon that plunges into Estes Canyon are sheltered from the sun, and usually have much water. A single, 9.1‑m (30‑ft) net should be set across the northern edge of the largest pool.

Dripping Springs

tc \l3 "Dripping SpringsThese springs are a permanent source of water in the Puerto Blanco mountains. This site was netted in the late 1970s and again in 1993. It is difficult to set a net due to the overgrowth of shrubby trees, but a single, 18-ft net can be strung across the opening and up the west slope.

Tinaja Estufo, Bates Valley

tc \l3 "Tinaja Estufo, Bates ValleyThis site is located at the top of Pictograph Canyon. It was netted for the first time in 1993, but was dry during 1994 monitoring. Two 5.5‑m (18‑ft) nets, separated by less than 15.2 m (50 ft), should be set over the largest pools at this site. As a backup, a mist net can be set in the flyways of the nearby Hidden Gorge tinajas.

Quitobaquito Pond

tc \l3 "Quitobaquito PondThis is a difficult site to net because of the size of net needed to cross the pond. A 36.6‑m (120‑ft) net can be set from the opposite edge of the leaning cottonwood at the southwest corner of the pond, across to the edge of Turtle Island. The initial anchoring requires 3 pole segments. Once the net is anchored at the tree, a small boat is used to stretch it across to the other side.
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Appendix 7‑1

Bat Monitoring Protocol for the

Ecological Monitoring Program in

Organ Pipe Cactus National Monument, Arizona:

Mist Netting Data Form

The blank field data entry form on the next page is to be photocopied and used in the actual monitoring fieldwork.


ORPI Ecological Monitoring Program - Bat Monitoring Mist Netting Data Sheet
Location _______________________________________
Date ____________
Personnel ____________________________________________   Page __ of __

Time net opened ___________
Time net closed ____________
 # of nets _______________ (Sketch on back? ____)
Net hours _____________

Moon phase ______________ 
Weather ___________________________________________      Netting conditions* _____________________________________

	#
	
Time
	
Species
	Net  #
	
Age
	
Sex
	Repro. Status
	FA (mm)
	
Wt. (gm)
	
Notes

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	


* Excellent = no adverse conditions (wind, rain, moon), Good = 1 adverse condition for less than 25% of net time, Fair = 1 or more adverse conditions less than 50 % of net time, Poor =  1 or more adverse conditions  more than 50 % of net time

Appendix 7‑2

Bat Monitoring Protocol for the

Ecological Monitoring Program in

Organ Pipe Cactus National Monument, Arizona:

Description of Bat Species Found in Arizona


Free‑tailed Bats (Family: Molossidae)
Note: all of these bats have a ‘free’ tail that protrudes conspicuously beyond the outer edge of the tail membrane.


big free‑tailed bat    Nyctinomops macrotis
The big free‑tailed bat is a large bat with narrow wings and a ‘free’ tail. Ears are joined at the midline of the skull. This species is almost twice as large as both the Brazilian free‑tailed bat and the pocketed free‑tailed bat. Forearm measures 58-64 mm (2.28-2.52 in.) in length.


brazilian free‑tailed bat    Tadarida brasiliensis
Sometimes called mexican free‑tailed bat, this species is medium‑sized with narrow wings and a ‘free’ tail. Forearm measures 36-46 mm (1.42-1.81 in.) in length. Ears are not joined at the midline of the skull. This species is easily confused with the pocketed free‑tailed bat. Seventeen Brazilian free‑tailed bats were netted at Quitobaquito during 18-20 April 1994. All but one of these were male. (One or two records of this species’ existence may be found at ORPI, however, no voucher specimen is available.)


pocketed free‑tailed bat    Nyctinomops femorosaccus (Tadarida femorosaccus)

The pocketed free‑tailed bat is medium‑sized with narrow wings and a ‘free’ tail. Forearm measures 44-50 mm (1.73-1.97 in.) in length. This species is easily confused with the Brazilian free‑tailed bat (Tadarida brasiliensis). The pocketed free‑tailed bat has ears that join at the midline of the skull. Common at Quitobaquito.


underwood’s mastiff bat    Eumops underwoodi
A ’huge’ bat that may weigh up to 70 gm (2.47 oz) and display a wing spread of 50-80 cm (20 in.). Underwood’s mastiff bat possesses narrow wings and a ‘free’ tail. Differs from the western mastiff bat in that the forearm measures 65-74 mm (2.56-2.91 in.) in length; ears, 28-32 mm (1.10-1.26 in.); and tragus is small and rounded. Quite common at Quitobaquito.


western mastiff bat    Eumops perotis
A ‘huge’ bat that may weigh 80 gm (2.80 oz) and display a wing spread of 53-34 cm (21 in.). The western‑mastiff bat possesses narrow wings and a ‘free’ tail. Forearm measures 73-83 mm (2.87-3.27 in.) in length; ears, 36-47 mm (1.42-1.85 in.). Tragus is broad and square. Two of these bats have been captured at Quitobaquito as of May 1994.


Leaf‑chinned Bats (Family: Mormoopidae)

ghost‑faced bat    Mormoops megalophylla
The ghost‑faced bat is a medium‑sized bat having a funny‑looking face with flaps of skin. It can be difficult to determine where the mouth is when closed. This species has a reduced uropatagium (tail membrane). The tail partially protrudes from the middle of the tail membrane.


Leaf‑nosed Bats (Family: Phyllostomidae)

california leaf‑nosed bat    Macrotus californicus
The California leaf‑nosed bat is a medium‑sized bat, grey in color. This species has large ears and eyes, a well‑developed tail membrane, and a leaf on its nose. It is a relatively docile bat.


lesser long‑nosed bat    Leptonycteris curasoae
The lesser long‑nosed bat is a medium‑sized bat with a cone‑shaped elongated snout and a leaf on the end of its nose. This species has narrow wings and the tail membrane is greatly reduced. These bats feed on the nectar/fruit pulp of saguaro and organ pipe cacti.


mexican long‑tongued bat    Choeronycteris mexicana
The Mexican long‑tongued bat is a medium‑sized bat with a tube‑shaped elongated snout and a leaf on the end of its nose. This species has narrow wings. The tail membrane is greatly reduced, but not so much as in the lesser long‑nosed bat (Leptonycteris curasoae). The Mexican long‑tongued bat still has approximately 8-10 mm (0.31-0.39 in.) of tail membrane. This species feeds on the nectar of saguaros and agaves. This species (1 specimen) has been captured at Alamo Canyon.


Plain‑nosed Bats (Family: Vespertilionidae)
Note: all Myotis have a thin, straight, and pointed tragus.


allen’s big‑eared bat    Idionycteris phyllotis
Sometimes called allen’s lappet‑browed bat, this is a medium‑sized bat, grey‑brown in color. The species displays very large ears, second in size only to the spotted bat. It possesses no leaf on the nose, nor is the nose lumpy. However, it has well developed lappets (fleshy lobes) extending from the anterior parts of the ears. There are no records from the southwest part of Arizona for this species.


big brown bat    Eptesicus fuscus
This is a medium‑sized bat with brown fur and medium-sized ears. It is a fairly robust bat. The species may often be confused with some of the Myotis, but the big brown bat has a tragus with a blunt end.


cave myotis    Myotis velifer
The cave myotis is a small bat with medium-sized ears and a large forearm (length > 40 mm [1.57 in.]). Unlike the fringed myotis, no fringe can be found on the edge of the tail membrane; however, a bare patch can be observed between the scapulae.


california myotis    Myotis californicus
This is a very small bat with small ears and a very small foot (< 8 mm [0.31 in.] in length). The species displays a keel on the calcar. There is no mask across the face, and the fur is dull. The California myotis may sometimes be confused with the western pipistrelle (Pipistrellus hesperus), however, Myotis have a thin, straight, and pointed tragus, whereas Pipistrella have a rounded tragus that resembles a comma.


fringed myotis    Myotis thysanodes
This is a small bat with large ears and a forearm of > 40 mm (1.57 in.) length. A fringe of single hairs can be found on the edge of the tail membrane; however, sometimes these are difficult to see, so the animal must be examined closely.


hoary bat    Lasiurus cinereus
This is one of the ‘tree bats’” It is of medium to large size. The animal derives its name from the frosty (hoary, as in hoarfrost) appearance of its brown fur tipped in silver. The species is well furred to the elbow, as well as on the dorsal side of its tail membrane. The hoary bat is usually found at higher elevations. Three were captured at Quitobaquito.


little brown myotis    Myotis occultus
This species is sometimes called Myotis lucifugus. It is a small bat with small, dark ears and a forearm of < 40 mm (1.57 in.) length. The braincase is flattened, the fur glossy. Known from the Mogollon Rim area.


long‑eared myotis    Myotis evotis
This is a small bat with large (> 18 mm [0.71 in.] in length), black ears. Its forearm is rather short (< 40 mm [1.57 in.] in length). The long‑eared myotis may be confused with the southwestern myotis. Known only from the central and northern parts of Arizona.


long‑legged myotis    Myotis volans
This species is of small size, with medium- to small-sized ears (length < 18 mm [0.71 in.]) and a forearm of < 40 mm (1.57 in.) in length. The bat is furred to the elbow on the underside of the wing, although the fur may be sparse. Sometimes a keel is found on the calcar.


pallid bat    Antrozous pallidus
The pallid bat is medium‑sized with blondish fur and large ears. The species displays no leaf on its nose and no lappets (fleshy lobes). The bat’s muzzle has no lumps, but does truncate abruptly with the nostrils opening forward beneath a horseshoe‑shaped ridge.


silver‑haired bat    Lasionycteris noctivagans
The silver‑haired bat is one of the ‘tree bats’” It is medium-sized, possessing black fur with silver tips. This species displays fur to the elbow on the underside of each wing, as well as on the dorsal side of the tail membrane. This bat is usually found at higher elevations in Arizona. This species is not on record for the southwestern part of the state.


southern yellow bat    Lasiurus ega
This is one of the “tree bats.” It is medium-sized. Its yellowish fur with silver tips gives it a frosted look, although not as much as the western red bat or the hoary bat. The species is furred to the elbow on the underside of each wing, as well as on the dorsal part of its tail membrane. The southern yellow bat is often found roosting in palms.


southwestern myotis    Myotis auriculus
The southwestern myotis is a small bat. Its forearm measures < 40 mm (1.57 in.) in length; its dark brown ears, > 18 mm (0.71 in.). This species is generally found in the Mogollon Rim area and the mountains of south‑central and southeast Arizona.


spotted bat    Euderma maculatum
Immediately recognizable, the spotted bat is medium‑sized, having black fur with three white spots and huge ears. The species is found throughout the western United States in elevations of 43-2,743+ m (142-9,000+ ft).


townsend’s big‑eared bat    Corynorhinus townsendii
Townsend’s big‑eared bat is a medium‑sized bat, grey‑brown in color. It displays big, relatively narrow ears which it curls when at rest. There is no leaf on nose, however, the nose is lumpy due to its muzzle glands.


western pipistrelle    Pipistrellus hesperus
This is the smallest bat in North America. It is usually pale in color with dark ears. The species may be confused with the California myotis, but the western pipistrelle has a comma‑shaped tragus, whereas all Myotis have a thin, straight, and pointed tragus.


western red bat    Lasiurus blossevillii
The western red bat is formally known as L. borealis. This is one of the ‘tree bats’” It is medium-sized, possessing reddish fur with silver tips, giving it a frosted look. The species displays fur to the elbow on the underside of each wing, as well as on the dorsal part of the tail membrane. This bat is not usually found in desert areas.


western small‑footed myotis    Myotis ciliolabrum
This species used to be known as Myotis subulatus and Myotis leibii. It is a very small bat with small ears and a very small foot (< 8 mm [0.31 in.] in length). The animal displays a keel on the calcar. It also has a dark mask across the face and its fur is glossy. Not known from the southwest portion of Arizona.


yuma myotis    Myotis yumanensis
The Yuma myotis is a small bat with small- to medium-sized ears. It displays a large foot (> 8 mm [0.31 in.] in length) and a forearm of 32-36 mm (1.26-1.42 in.) in length; the braincase is abrupt. This bat is ‘mousey’ in color.


Appendix 7‑3

Bat Monitoring Protocol for the

Ecological Monitoring Program in

Organ Pipe Cactus National Monument:

Simplified Key to Select Myotis Species of Arizona

1.
Hind foot measures < 8 mm (0.31 in.)
2

Hind foot measures > 8 mm (0.31 in.)
3

2.
Keel on calcar, mask, fur glossy
Myotis ciliolabrum
Keel on calcar, no mask, fur dull
Myotis californicus
3.
Keel on calcar
Myotis volans
No keel on calcar
4

4.
Forearm long (measures > 40 mm [1.5 in.])
5

Forearm short (measures < 40 mm [1.5 in.])
6

5.
Ears large, fringe of hair on edge of tail membrane
Myotis thysanodes
Ears medium, no fringe on tail membrane, bare patch between scapulae
Myotis velifer
6.
Ears large (measures > 18 mm [0.71 in.])
7

Ears medium or small (measures < 18 mm [0.71 in.])
8

7.
Ears black
Myotis evotis
Ears brown
Myotis auriculus
8.
No keel on calcar, not furred to elbow, braincase flattened,

fur glossy, forearm measures 36–39 mm (1.42–1.54 in.)
Myotis occultus
No keel on calcar, not furred to elbow, braincase abrupt, fur dull

(mousey‑looking), forearm measures 32–36 mm (1.26–1.42 in.)
Myotis yumanensis

Appendix 7‑4

Bat Monitoring Protocol for the

Ecological Monitoring Program in

Organ Pipe Cactus National Monument, Arizona:

Cross‑referenced Index of Bat Taxa

The following index cross‑references scientific taxa with common names for the bat species named in this report. Names occur in the index followed by an indication of the degree of prominence: (1) not known from the monument; (2) not known from the monument, but may be possible; (3) known from the monument; (4) occurs at the monument; and (5) common at the monument.

Index
A
Antrozous pallidus— - pallid bat - Occurs

B
big‑eared bat, allen’s [lappet‑browed bat, allen’s]-Idionycteris phyllotis - Not known

big‑eared bat, townsend’s-Corynorhinus townsendii - Occurs

brown bat, big -Eptesicus fuscus  - Common

C
Choeronycteris mexicana - mexican long‑tongued bat - Not known, but possible

Corynorhinus townsendii - townsend’s big‑eared bat - Occurs

E
Eptesicus fuscus - big brown bat - Common

Euderma maculatum - spotted bat - Not known, but possible

Eumops perotis - western mastiff bat - Occurs

Eumops underwoodi - underwood’s mastiff bat - Common

F
free‑tailed bat, big - Nyctinomops macrotis  - Not known, but possible

free‑tailed bat, brazilian [free‑tailed bat, mexican] - Tadarida brasiliensis - Occurs

Free‑tailed Bat Family - Molossidae

free‑tailed bat, mexican [free‑tailed bat, brazilian] - Tadarida brasiliensis - Occurs

free‑tailed bat, pocketed -Nyctinomops femorosaccus (Tadarida femorosaccus) - Common

G
ghost‑faced bat -Mormoops megalophylla - Not known

H
hoary bat -Lasiurus cinereus - Occurs

I
Idionycteris phyllotis - allen’s big‑eared bat [allen’s lappet‑browed bat] - Not known

L
lappet‑browed bat, allen’s [big‑eared bat, allen’s] -Idionycteris phyllotis - Not known

Lasionycteris noctivagans - silver‑haired bat - Not known

Lasiurus blossevillii - western red bat - Not known

Lasiurus cinereus - hoary bat - Occurs

Lasiurus ega - southern yellow bat - Not known, but possible

Leaf‑chinned Bat Family - Mormoopidae

leaf‑nosed bat, california -Macrotus californicus - Known

Leaf‑nosed Bat Family - Phyllostomidae

Leptonycteris curasoae - lesser long‑nosed bat - Known

long‑nosed bat, lesser -Leptonycteris curasoae - Known

long‑tongued bat, mexican -Choeronycteris mexicana - Occurs

M
Macrotus californicus - california leaf‑nosed bat - Known

mastiff bat -Eumops underwoodi - Common

mastiff bat, western -Eumops perotis - Occurs

Molossidae - Free‑tailed Bat Family

Mormoopidae - Leaf‑chinned Bat Family

Mormoops megalophylla - ghost‑faced bat - Not known

myotis, california -Myotis californicus - Known

myotis, cave -Myotis velifer - Occurs

myotis, fringed -Myotis thysanodes - Not known, but possible

myotis, little brown -Myotis occultus - Not known

myotis, long‑eared -Myotis evotis - Not known

myotis, long‑legged -Myotis volans - Not known, but possible

myotis, southwestern -Myotis auriculus - Not known

myotis, western small‑footed -Myotis ciliolabrum - Not known

myotis, yuma -Myotis yumanensis - Not known, but possible

Myotis auriculus - southwestern myotis - Not known

Myotis californicus - california myotis - Known

Myotis ciliolabrum - western small‑footed myotis - Not known

Myotis evotis - long‑eared myotis - Not known

Myotis occultus - little brown myotis - Not known

Myotis thysanodes - fringed myotis - Not known, but possible

Myotis velifer - cave myotis - Occurs

Myotis volans - long‑legged myotis - Not known, but possible

Myotis yumanensis - yuma myotis - Not known, but possible

N
Nyctinomops femorosaccus (Tadarida femorosaccus) - pocketed free‑tailed bat - Common

Nyctinomops macrotis - big free‑tailed bat - Not known, but possible

P
pallid bat -Antrozous pallidus - Occurs

Phyllostomidae - Leaf‑nosed Bat Family

pipistrelle, western -Pipistrellus hesperus - Common

Pipistrellus hesperus - western pipistrelle - Common

Plain‑nosed Bat Family - Vespertilionidae

R
red bat, western -Lasiurus blossevillii - Not known

S
silver‑haired bat -Lasionycteris noctivagans - Not known

spotted bat -Euderma maculatum - Not known, but possible

T
Tadarida brasiliensis - brazilian free‑tailed bat [mexican free‑tailed bat] - Occurs

V
Vespertilionidae Plain‑nosed Bat Family

Y
yellow bat, southern -Lasiurus ega - Not known, but possible

