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ABSTRACT

Since there are many recorded, field observations 
of bat wing membrane injury and.subsequent repair, a 
study of such repair was initiated. Experimental in
juries (holes and slits) were made in the wing membranes 
of the animals. The healing process was, followed by 
making gross visual observations and,by taking tissue 
samples at significant intervals during repair. The 
Pallid bats exhibited a rapid rate of healing in the 
laboratory, When recovery permitted comparison of field 
and laboratory resultsr the two sets of data were similiar. 
Infection and consequent erosion proved to establish the 
limits, of repair. The final stage of wound repair ex
hibited unique features.



INTRODUCTION

It is well known, that. bats, possess the ability to 
avoid collision injuries based upon, echo-location of 
obstacles. However, several investigators have observed 
that bats do make errors and sustain injuries in collisions 
with stationary objects. There are several accounts 
(Hamilton, 1939; Johnson, 1933; Lyon, 1925) of bats en
tangled in the burs of burdock. Cockrum and Hayward 
(1962) described an instance of a Long-nosed bat, 
Leptonycteris nivalis, caught on the spines of a saguaro 
cactus in Arizona. .

In addition.to injuries resulting from collisions, 
bats are also subject to attacks by predators (hawks, 
owls and snakes). Although these attacks are often con
sidered unusual, they apparently occur much more widely 
than supposed. . Allen (1940.) cited twenty references 
detailing bats', encounters with natural enemies. Eads 
(1955) reasoned that by their aerial and nocturnal habits 
bats achieve protection from some predators; however, 
colonial habits of some species render them vulnerable to 
others both within the colony and during the evening 
flight from the colonial roost.



Since bats, are subject to accidents and predator 
contact, it.is reasonable that they might occasionally 
suffer -injury to. their delicate wing bones or wing mem
branes . Stebbings (1966 b) reported three Long-eared 
bats, Plecotus sp., with broken metacarpal bones and two 
others with broken radii,, and also noted that there were 
frequently holes in the wing membranes of these bats.
He also reported (1966 a) a broken metacarpal in one , 
Bechstein's bat, Myotis bechsteini. Davis (1968) reported 
28 individuals with wing defects in a population of 63 
pallid bats,.Antrozdus pallidus. The defects ranged in 
seriousness from minor holes in the wing membrane to 
broken phalanges.

Wing injuries, then, do occur and may result from 
several possible causes. It is apparent, however, that 
bats have evolved certain repair mechanisms which partially 
compensate for the inherent disadvantages of finger- 
supported membraneous wings. Stebbings (1966 a; 1966 b) 
reported the repair of broken metaearpals and the mending 
of 2-millimeter membrane holes in Plecotus sp. and Myotis 
bechsteini. Davis (1968) has observed the fusion of 
breaks in phalanges and the repair of holes as large as 
18^millimeters in Antrozdus pallidus.

The survival value of an effective repair technique 
is obvious. However, nothing is known.of the time required 
and limits of the ability to repair damaged wings.



The purpose of this study has been to evaluate 
the method, rate,: and limits of wing injury repair in 
one species of bat, Antrozdus pallidus.



METHODS

The- Pallid bats,: Antrozous pallidas, used in this 
study were banded during the daylight hours of 7 and 14
June, 1967. They were taken from crevices under highway
bridges near San Carlos Lake, Graham County, Arizona.
The bridges were all of the general structure shown by 
Davis and Cockrum (1963, Fig.. 1. A).

The collector(s) removed the bats from their day 
roosts by grasping the animals at a wrist with padded, 
tongs, working carefully to avoid visible injury and then 
forcibly pulling them from the crevices.

After banding, the types of experimental wing 
damage selected were executed and recorded. Three general 
types of wing damage were used. . The first was a circular 
hole made with sharpened cork borers of 14-, 17-, or 
24-millimeter diameters. The second type- was a slit, 
either in the interior of the wing membrane or along the 
trailing edges. The third category of wing injuries was 
clipped phalanges. The location and types of damage were 
recorded on paper forms printed with wing outlines and 
bone patterns.

“The-animals selected for the field study were than
released in their natural habitat. Weekly trips were made
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to the area to record.degree of wing repair, weight, and 
recovery data and to take tissue samples from sites of 
wound erosion or repair. The tissue samples were fixed 
in Bouin's reagent.

Some bats were retained for laboratory study.
These were brought to the University of Arizona and kept 
in a.9%’ x 7' x 7' enclosure. This room was well ventilated 
and lined with a. wire mesh,, which provided convenient 
roosting sites.

The bats were fed, watered, and weighed for ten 
days before any experimental work was done. The food was 
prepared according to the recipe recommended by Orr (1954).

Since many animals showed early weight losses, 
force feeding and watering was.necessary during the first 
six days of captivity. Following this period, force 
feeding was used, only when an individual lost more than 
1.5 grams between weighings. However, after the first 
six days most individuals maintained or gained body 
weight.

Experimental damages inflicted on the laboratory 
animals were the same as those done in the field. In 
addition, the. main artery leading to the damaged area 
was ligated in three animals.

The bats were observed and data recorded in the 
same manner, as previously described for the field animals. 
The frequency of observation was largely determined by the



progression of repair. When, the areas of: unhealed wing 
damage were hot of a simple geometric shape, the area 
was traced, on paper,, enlarged by projection, and then 
weighed. These weights were than compared to the weight 
of a known area of the same paper. Dice-Lerass diagrams 
(Figs. 1 and 2.) were constructed with the means, extremes, 
and twice the standard error from the mean.

Laboratory animals provided most of the.sequential 
tissue samples, since they were predictably available.
Both field and laboratory tissue samples were prepared 
according to standard histological procedures with Mallory 
Heidenhain rapid staining.
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Figure 1. The healing rate of 14-millimeter diameter holes 
in the wing membrane of the Pallid bat. The 
means, extremes, and twice the standard error from the mean are plotted.
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Figure 2. The healing rate of 17-millimeter diameter holes 
in the wing membrane of the Pallid bat. The 
means, extremes, and twice the standard error 
from the mean are plotted.



RESULTS

Thirty-six Pallid bats were kept in captivity for 
68' days. During this period, four adults died. The re
maining adult animals adapted to laboratory conditions 
and showed increases over capture-weights ranging from 
four to six per cent. A mange condition which existed 
on three animals, when captured cleared up in approximately 
two weeks. At the end of the experimental period, all 
animals.had pelage characteristics described as normal 
by Orr (1954)'.

Only six of the nineteen young born in captivity 
survived. Most of the young died within five days after 
birth.

Healing Rates in the Laboratory 
Adult animals did not show a high incidence of 

wound infection. Only two. animals exhibited a retarded 
healing process due to infection. These animals are 
shown in Fig. 6 and will be discussed later.

Circular Holes
Data regarding the healing rate of a 14-millimeter 

diameter hole is summarized as. Fig. 1. The fastest rate 
of repair was 22 days; the slowest 33 days. Only one
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animal failed to repair this injury within. 30 days„
Fig. 3 shows a 14-millimeter hole after 18 days repair 
and Fig. 4 is the same wing after 32 days.

Fig. 2 shows that a 17-millimeter diameter hole 
was usually closed within 32 to 39 days. Two animals 
required 42 days. The animals which had the ligated 
arteries did not form the extremes indicated in either 
Figs. 1 or 2.

Slits
A slit within the boundaries of the wing membrane 

results in a damaged section such as shown in Fig.' 5.
The healing rates of such slits in the membranes are shown 
in Fig. 6. Fig. 7 shows the. 30-millimeter slit plotted 
in Fig. 6 after 18 days of healing. In four of the six 
cases illustrated, a direct relationship was seen between 
the length of the slit and the rate of closure.

Slits from the trailing edge of the wing membrane 
caused an injury such as shown in Fig. 8. A 5-millimeter 
slit of this type was repaired to.the original wing contour 
in 28 days? a 10-millimeter slit required 41 days.

Recorded data showed that there was no difference 
in the laboratory healing rates of holes or slits within 
the three main wing panels lettered as I, II, and III.
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Healing Rates Under Natural Conditions 

Thirty-eight animals were banded for field obser
vations. Naturally, successful recovery limited the field 
observations. Almost half> or eighteen animals, were never 
seen.after the initial capture. Eight bats were seen only 
once, five were seen, twice, and three were ..seen three times. 
Six bats provided most of the. field observations. Two. 
of these bats were seen four times, three were seen five 
times, and one was seen, six times'. Recovery percentages 
ranged from 0 to 26 and averaged 15 over a total time 
period of 69 days and ten attempts.. These low recovery 
rates somewhat limited the success of the field obser
vations.

Circular Holes —  ...
Field data showed that a 14-millimeter diameter 

hole was healed in any wing panel within 34 days. A 
17-millimeter hole was healed in panel I within 34 days 
and in panel II within 41 days. However, one animal 
showed an important exception. The wing membrane of this 
bat, having a 14-millimeter hole (226 mm^, eroded to 
4.76 mm^ within two weeks. Two weeks later this missing 
area had been reduced to 230 mm^. The last observation, 
at the end of eight weeks, showed the unhealed area had 
been reduced to 62 per cent of the original eroded area.
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The .only data, concerning a-:2:4-millimeter hole was 

gathered from one field animal.. A hole of this size is 
shown in the wing of an animal as. Fig. 9. After 21 days 
the injury had eroded to almost twice its original size. 
However, at the end of 54 days the hole had been reduced 
by healing to 38 per cent of the original, damaged area.

Slits
Recovery. frequency limited the studies of wounds 

of this type? however, observations indicated that a 
20-millimeter internal slit may heal in 20 days and a 
30-millimeter slit in 34 days. Trailing edge slits of 
10- and 12-millimeters healed in 48 and 54 days respectively. 
The most drastic case of infection and erosion observed 
resulted from a 6 mm x- 6 mm cross-shaped slit (Fig. 10).

Broken Bones
Broken terminal segments of the phalanges healed 

in a period of from.41 to 54 days.

Gross Anatomical. Patterns of Repair .
The three types of damage to the wing membranes 

all followed the same progression of repair. The first 
stage was the formation of a red scar tissue outlining 
the area of destruction. The red color disappeared after 
one to five days as the scar tissue turned white. The 
second stage ensued when tissue began to grow in from the
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sides of the injury and close the hole. : Upon complete 
closure, the third stage began and was marked by. the 
sloughing of any. scab or loose tissue hear the point of 
closure. During the third stage the scarred.areas began 
to clear and the natural wing color gradually returned.
The color.migrated from the margins of the original 
damage. Infection retarded the normal sequence of repair 
and was marked by, erosion beyond the original damage. An 
infected tissue showed prolongation of the first stage.
The wound did not begin to close (second stage) until the 
white scarred margin was formed. Once this margin was 
formed, the time required for repair was essentially the 
same.

Microscopic Patterns of. Repair 
The normal wing membrane (Fig. 11) is essentially 

a double layered epithelium with an interposed layer of 
connective tissue., The outermost epithelial Cells are 
keratinized. Below these.are one or two layers of simple 
ouboidal cells and the basement membrane. The junction 
between the epithelium,and the.underlying connective tissue 
is clearly defined by a compact layer of collagenous and 
elastic fibers. The connective tissue is of the areolar 
type and is highly vascularized. The beginning of the 
opposing layer of epithelium is marked by another fibrous 
layer followed by the basement membrane.
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As pr.eviously stated, the glosing of the wound 

does not begin until a ring of scar, tissue is formed.
This type of.tissue is seen in Fig, 12, An epidermal cap 
is shown. Both squamous and columnar cells are very 
evident. The underlying tissue is mainly composed of 
fibrin strands and contained some of.the formed elements 
of the blood. Fibroblasts and macrophages were also present.

As the leading edges of the wound move toward each 
other, newly formed epithelial, and connective tissues are 
left behind. A transition zone is .shown in Fig. 13.' The 
newly formed connective.tissue, is loosely packed, edem
atous, and filled with fibroblasts and growing capillaries. 
The epithelial layer is still slightly enlarged and con
tinues to show many mitotic figures.



Figure 3. A Pallid bat showing 14-millimeter hole after 
18 days of repair.

Figure 4. The same Pallid bat shown in Fig. 3 after 32 
days of healing.
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Figure 5 A Pallid bat showing the result of a 15- 
millimeter slit in the wing membrane. Wing 
panels are lettered (see results).
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Figure 6. The healing rates of slit wounds in the wing 
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Figure 7. A Pallid bat showing a 3O-millimeter slit 
wound after 18 days of repair.

Figure 8. A Pallid bat showing the result of a 10-
millimeter slit from the trailing edge of the 
wing membrane.



Figure 9. A 24-millimeter hole in the wing membrane of a Pallid bat.

Figure 10. A Pallid bat showing the result of a 6 mm x 
6 mm cross-shaped slit.
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Figure 11. A cross-section of the normal Pallid bat wing 
membrane. Mallory-Heidenhain rapid staining. 
X100

Figure 12. A cross-section scar tissue outlining a wing 
membrane wound in a Pallid bat. Mallory- 
Heidenhain rapid staining. X8 0
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Figure 13. A cross-section of the transition zone between 
normal tissue (Fig. 11) and scar tissue (Fig. 
12). Mallory-Heidenhain rapid staining. X54



DISCUSSION

Although two distinctly different sets of experi
mental conditions were used, both: field and laboratory, 
the results obtained from both groups agree within certain 
limits. . A comparison of the field ,re:s.uits reported and 
the laboratory reported as Figs. 1, 2, and 6 shows that, 
with the exception of cases involving infection and erosion, 
a pallid bat can accomplish about the same rate of wing 
membrane repair under either set of conditions. Field 
records and laboratory records concerning 14- and 17- 
millimeter diameter holes and slits within the. wing mem
brane particularly illustrate this point. In many cases 
the lack of field recovery limited the determination of 
the end points of wound healing. This reduced the con
clusions possible, and these.results should be viewed 
only as complementary evidence.

From the results reported here, it can be concluded, 
at least within the limits of these studies, that the 
degree of infection and consequent erosion establish the 
limits of wing membrane repair. The most pertinent case 
in point is shown in Fig. 10. This condition resulted 
from what would be considered, in light of other wounds 
imposed (Fig. 9), only a moderate amount of damage.

22
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Other, less striking; cases are reported,, including 

the two. laboratory, cases shown as. 5- and. 15-millimeter 
slits in Fig. 6 and the field animal which repaired only 
62 per cent of a 14-millimeter diameter hole within 56 
days (see results).

The limits of repair not involving serious in
fections were not.determined. However, subsequent work 
in this particular area should establish two. categories.
One would be the amount of repair possible within each 
wing panel. The other would be the total amount of repair 
possible by the animal and would include damage in several 
wing panels.

Figs. 1,2, and 6 all show that there is a plateau 
during the early stage of healing. This is. especially 
evident in Figs. 1 and 6. This plateau results from the 
fact that, as Arey (1931) pointed out, mitoses in the 
immediate area of a fresh wound are decreased for the first 
few days, but soon thereafter exceed the normal rate.
After the first few days of healing the wound closes at 
an increasing rate until near. completion ■, at which time 
the rate decreases.

It was determined that both experimental groups 
followed the same gross and microscopic patterns of repair. 
The only, variable established was that of infection. An 
infection, whether mild or serious, prolonged the first
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stage (.see results) of healing and prevented adequate 
scar tissue formation.

A slit-wound or hole in a bat wing membrane pre
sents an immediate problem of repair and some rather unique 
problems of wound closure. To survive, the animal must 
continue to fly in order to secure food. Continual abuse 
of the wound during flight must impair the healing process. 
Also> tissue elasticity will spread even a slit-wound to 
a large damaged area (Figs. 5 and 8).

Wound repair in bat wing does not. follow the
sequence which is familiar in usual conditions of skin 
healing, i.e. the.wound area being filled with scar tissue 
and subsequently covered by a new. epithelium. In the cases 
reported here, the.leading edges of the wound area are 
capped very early by regenerated epithelium with a scar 
tissue core. In the final healing of the wound, therefore,
there must be. a resorption of the opposed epithelium in
order that the normal histological patterns be restored.

Although, grossly injured animals (24-millimeter 
holes) were observed to fly rather normally, wing damage 
must handicap an individualgs endurance and maneuverability. 
The injured bat must also expend additional energy in 
healing, the wound, especially, if infection and erosion 
are involved. Naturally, this might further impair the 
animal's flight ability. Since almost half of the bats
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in the field were never recovered, it appears that damage, 
such as inflicted in this experiment, seriously affects 
the survival of the Pallid bat.

. R. Davis (personal communication) has stated that 
Pallid bats,: under ..similiar conditions of ,sex, reproductive 
status and time of year, would be expected to be re
captured on the average of six times over a like time 
period. The recovery data reported here (see results) 
was far below this, value. In fact, only one animal was 
recovered as many, as six times.

Davis (1968) discussed, the advantages the wing of 
birds has over the finger supported membrane,wing of bats. 
He lists these advantages as: (!) the lack of attachment
between overlapping feathers may allow for the passage of 
an object without causing harm to the wing surface; (2) any 
damage to the feathers themselves lasts only until the next 
molt; (3) injured feathers are not as subject to infection 
since they are composed mostly of dead tissue.

It now seems well established that in Pallid bats, 
these disadvantages are in part compensated by the great 
capacity of repair exhibited .by the epithelium and. under
lying connective tissue of the wing membranes. Such 
rapid healing, of course, minimizes the time during which 
the animal is handicapped.



SUMMARY

The purpose of this study was to determine the 
method, rate, and limits of wing membrane repair in the 
Pallid bat. The bats collected were divided into two 
groups as field and laboratory animals. . Both groups 
were banded and then various holes and slits were cut in 
the wing membranes., The process of repair was followed 
visually and histologically.

The results of this study were:
1. 14- and 17-millimeter holes were repaired in the 

laboratory in 2.2 days and. 32 days respectively.
2. The laboratory healing rates of slits within the 

membrane are shown in Fig. 6.
. 3. Field data was limited because of recapture 

frequency. However, when available, field results agreed 
with results recorded in the laboratory.

4. The main, limiting factor of repair capabilities 
was the degree of infection.

5. The histology of wound repair was followed and 
reported. Special problems of complete wound closure are 
discussed..

6. Implications of the rapid healing rates determined 
are discussed in light of the importance to the animal in
volved .

26
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