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Background
Microbats (heretofore: Bats) are of foremost importance to ecological system as they are the main, nocturnal predators of insects, and as such, function as the primary regulators of insect population sizes in varied ecological systems, including deserts (Kunz et. al. 2011).  A third of all mammal species in Israel are bats, of which there are 33 subspecies the world over (Dolev and Pravolotzky, 2002).  All bat species are protected by legislation in Israel, other than fruit bats.  The vast majority of bat species are in danger of extinction, starting from species predicted to go extinct in the future, all the way to species in immediate danger of extinction (Dolev and Pravolotzky, 2002).  According to the information gathered in Israel, there are likely to be sixteen subspecies of microbats and one of fruit bats in the Arava region (Amihai et. al. 2015, Yom-Tov and Kadmon 2008).  The acacia trees in the Arava are preferred hunting zones for the bats, and all fifteen species that live in the desert can be found there, including especially rare species such as Little Black Serotine and Nycteridae (Hackett et. al. 2013).  The groups of bats who hunt around the acacia trees include species which hunt insects on top of the trees, and those which collect them from the ground around the trees.  The bats’ activity can essentially be used as an indirect measure of the acacia trees’ vitality.  Because the food sources in arid areas are rather limited, any direct damage to them by pollution may directly damage the bats who find sustenance from the insects which develop on the trees, or my indirectly damage them by limiting their food sources.
Research Goal:
To compare and quantify the entirety of possible effects that oil pollution in the Avrona Nature Reserve may have on the activity and behavior of key species such as bats, through long-term monitoring, in order to assess if the pollution could indicate changes in the ecological system’s function.  My assumption is that oil pollution has both a direct and an indirect effect on the bats’ food sources, and I predict that the bats’ activity will decrease, as well as serve as an indirect measure of acacia tree vitality.
Work Methods:
Research Areas: Bat sampling was performed in five zones of the polluted territories and in five control zones (Map 1).  The sampling was performed in the Spring, Summer and Autumn.
Bat Sampling: In each observation session, I placed a bat detector on the ground at a 45-degree angle.  The bat detector records super-auditory (high frequency) bat sounds which the bats broadcast, in order to identify the bat species present and searching for food in the area.  The detector was placed adjacent to the acacia tree.  Bat species have different voice frequencies in the desert (Hackett et. al. 2016), so that an analysis of the recordings using a designated computer program allows for identification of the bat species on the hunt in the given location.  Since the majority of bat species in the areas sampled broadcast sounds at frequencies that do not overlap with one another, the recording analysis can reliably differentiate between the different species.
The bat detectors used were ANABAT II by Titley Electronics, Australia (from sunset until first light, for example from 5:30 pm until 5:00 am in the winter).  The detectors provided information regarding the presence of bat species (Species Wealth) and regarding each species’ activity.  It should be noted that in the recordings, voices cannot be ascribed to individuals, such that in bat studies, the abundance of the species are not calculated.  Instead, the wealth of species (i.e. how many species there are) and each species’ general activity is calculated.  Each detector was placed for five straight days and each sampling in every area lasted ten days.  The sampling was conducted at every lunar phase; the placement of the detectors was random.
Analysis of Figures: When the field work and voice recording analysis were completed, I compared the bats’ activity and the species wealth between polluted areas and control areas, using Anova and non-parametric tests.

Results
Bat Species Wealth and Activity in the Spring
During the Spring, nine distinct species of bats were recorded in control areas, and eight were recorded in polluted areas (the polluted areas are referred to in the report as the “treatment” areas) (Fig. 1 and Figs. 7-8), but no significant differences were found in the average species wealth between control and treatment (p > 0.52).  The average bat activity in polluted areas was higher (Fig. 2) but not significantly different (p > 0.07) than that of bats in the polluted areas (Fig. 2).  In each area, the most common bat during the Spring was the Bodenheimer Bat.	Comment by Author: במקור נכתב שנעשה השוואה בין הפעילות באיזורי הטיפול לבין איזורי הטיפול.  יש להחליף אחד מהם ל
Control areas
פשוט לא ידעתי איזה מהם
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Figure 1: Wealth of Microbat species in the control and polluted areas of Avrona during the Autumn.	Comment by Author: נדמה לי שזה צריך להיות "אביב" אבל במקור כתוב "סתיו"
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Figure 2: Intensity of activity (voices/night) of microbats in the control and polluted areas of Avrona during the Autumn.

Bat Species Wealth and Activity in the Summer
During the Summer, eleven distinct species of bats were recorded in control areas, and nine were recorded in polluted areas, yet the species wealth did not differ (p > 0.5) between treatment and control areas (Fig. 3 and Figs. 7-8).  The average bat activity was significantly higher in control areas than in polluted areas (Fig. 4).  Certain bat species (White-rimmed and Bodenheimer) were most common, and the rat-tailed bats also had a large presence.
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Figure 3: Wealth of Microbat species in the control and polluted areas of Avrona during the Summer.

[image: ]Intensity of Bat Activity (Night Voices)
Control

Pollution

Figure 4: Intensity of activity (voices/night) of microbats in the control and polluted areas of Avrona during the Summer.  Asterisk denotes a statistical significance.

Bat Species Wealth and Activity in the Autumn
During Autumn, no significant differences were found in species wealth (Fig. 5 and Figs. 7-8) or activity (Fig. 6) between the control and treatment areas.  Bodenheimer was again the most common species present.
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Figure 5: Wealth of Microbat species in the control and polluted areas of Avrona during Autumn.
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Figure 6: Intensity of activity of bats in the control and polluted areas of Avrona during Autumn.

Bat Species During the Year in Control and Polluted Areas
Species wealth in control areas during the sampled seasons is presented in Figure 7.  A total of eleven microbat species were recorded, five of which (45%) were recorded throughout the year.  During the Summer, species wealth was significantly higher than during Spring or Autumn (p < 0.038, F2,12 = 4.48).
Species wealth in polluted areas during the sampled seasons is presented in Figure 8.  A total of twelve microbat species were recorded, four of which (33%) were recorded throughout the year.  As in the control areas, during the Summer, species wealth was at its highest (p < 0.04, F2,12 = 4.34).


Figure 7: Wealth of Microbat species in the control areas during each season of sampling in Avrona.  Letters denote significant differences between the seasons.

[bookmark: _GoBack]Figure 8: Wealth of Microbat species in the polluted areas during each season of sampling in Avrona.  Letters denote significant differences between the seasons.

Figure 9: Bat activity in control and polluted areas in each season of sampling in Avrona.  Different letters denote significant differences between the seasons.

Microbat Activity During the Year in Control Areas and Polluted Areas
The average bat activity in control areas during the Summer was significantly higher than in the Spring and Autumn (Fig. 9, p > 0.02, F2,12 = 5.68).  Significant differences between bat activity at different times of year were not found in polluted areas (Fig. 9, p > 0.051, F1,12 = 3.81).

Figure 10: Microbat activity during nighttime sampling in control and polluted areas during the Spring and Summer in Avrona.	Comment by Author: שמות הטבלאות, מימין לשמאל, שורה עליונה ואז שורה תחתונה:
Spring Control, Spring Treatment, Summer Control, Summer Treatment
בין הטבלאות:
Bat Activity (Voices per Night)
למטה:
Days

No dependency was found between the bats’ activity and the sampling days in either area.  Having said that, it should be noted that the line diagonal in control areas is positive, while in treatment areas, it is negative.  Autumn results are not presented because the Autumn sampling was disrupted by rainfall in the area, and because of possible effects of the full lunar phase during the second half of the sampling.

Discussion and Conclusions
The goal of this research throughout the year was mean to assess the wealth and activity of microbats in the Avrona Nature Reserve for the first time, in both the polluted and control areas.  The reserve is suited to a wide variety of microbats due to its hot climate and abundance of acacia trees which serve as hunting grounds of various foods for desert bats.
Based on extant data in the literature regarding activity and microbat species wealth in polluted areas (principally in areas in which water sources were polluted [Clark 1981]) or in agricultural areas in which there is extensive use of insecticides (Wickramasinghe et. al. 2003), I predicted that species wealth and their activity would be lower in polluted areas than in control areas.  The results of the first year of monitoring partially support these predictions.
Oil pollution in desert areas can have direct, but mostly indirect effects on bats.  Bats tend to drink from open water sources, and various species hunt food above said sources.  In the event that pollution damages the layers of runoff water and groundwater, it may cause damage to bats who drink from them directly (Clark and Krynitsky 1978) or indirectly, by hunting aquatic insects which were affected by the pollution (Cain et. al. 1992).  Another indirect effect is the hunting of land insects which were also affected as a result of ground pollution (Clark, 1981).  Moreover, the pollution may influence the variety and availability of insects, and as such lead to a decrease in local bat species wealth (Vaughan et. al. 1996).  A survey of the literature reveals that microbats which sought food above polluted water sources were indirectly damaged in a slew of ways from ingesting the polluted insects (Naidoo et. al. 2013).
The monitoring results reveal no significant differences between polluted and control areas in the Spring and Autumn, regarding species wealth and activity.  In the summer, however, the season with the highest bat activity, it was found that their activity was also significantly higher in control areas than in polluted areas.  The level of bat activity in polluted areas did not change throughout the year, while in control areas, activity reached its peak in the Summer, similar to other desert areas (Korine and Pinshow 2004; Feldman et. al. 2009; Korine et. al. 2015).  This may hint that though the bats search for food in polluted areas, insect variety and perhaps overall presence there as well may not be high.  More support of this explanation can be seen in the bats’ activity in polluted areas throughout the sampling days, which decreased over time, as opposed to the steady or increasing activity of bats in control areas.
All the species of bats recorded in Avrona, except for the White-Rimmed and Wizard bats, are at various levels of danger of extinction- anywhere from vulnerable populations to species already almost completely extinct.  Therefore, this research is of paramount importance and has great potential for preserving the Microbat species in the arid Arava area.

In Summary:
· 12 Microbat species were recorded in polluted areas and 11 were recorded in control areas, comprising 69-75% of all desert species (Yom-Tov and Kadmon 2008).  This makes the Avrona Reserve the most important site for Microbats to search for food.
· Of 12 species, 10 are at various stages of danger of extinction.  This figure testifies to the importance of the Reserve as a food site and perhaps also as a safe sleeping site for desert Microbats.
· In the Summer, the Microbats’ activity was significantly higher in control areas than in polluted areas.  It can be assumed that in damaged areas, the variety and density of nocturnal insects are smaller, and the odor of the oil in polluted areas may prevent the bats from seeking food there.
· Bat activity and species wealth increase throughout the year.  In the Summer in control areas, just as in other areas of Israel, the activity is at its highest.  This model was not found in the polluted areas, and may also indicate that bat activity in polluted areas is limited.

Continuation of Research:
1. Continued sampling in the second year of research, taking care not to sample during full lunar phases.
2. Expansion westward of sampling areas within the polluted territory.
3. Work alongside monitoring of nocturnal insects, as much as possible.
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