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Abstract

:

Behaviors exhibited by prey species towards predators (including humans) can reduce feeding time and increase time spent in vigilance, thereby impacting animal condition and ultimately limit populations, even when actual mortality from predation is low. Here, we test whether behavioral profiles in an endangered ape, Javan gibbons (Hylobates moloch), correspond to varying degrees of human disturbance in a human-impacted sacred forest, Cagar Alam Leuweung Sancang, West Java. Data were collected August 2010–July 2011. Although all groups reacted differently to human presence, overall, gibbons responded by reducing time spent on conspicuous behavior (e.g., vocalizing, feeding, traveling, and social interactions) as the number of humans in the area increased or distance to the nearest human decreased. In addition, gibbon responses to encountering humans were also more like their responses to encountering potential predators than they were to encountering monkeys or other gibbons. These results support the hypothesis that as human presence and encounter rates increase, gibbons alter their behavior in ways consistent with anti-predator behaviors. Assessing how this endangered species responds to human presence is a vital part of their ultimate conservation.
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1. Introduction


Low-impact human-wildlife interactions such as wildlife viewing impact animals in many ways, resulting in changes to behavior (e.g., Rangifer tarandus [1]; Rhinoceros unicornis [2]; Ursa actos [3]), habitat use (e.g., Tursiops spp. [4,5]), physiology (e.g., Opisthocomus hoazin [6]), community interactions (e.g., avian scavengers [7]), and population demographics (e.g., Monachus schauinslandi [8]. Among primate species, behavioral shifts in response to human presence are consistent with responses to predation, even in the absence of hunting or trapping [9,10,11,12,13,14,15]. Modified behavior can include differences in microhabitat use (e.g., tree canopy strata), suppressed vocalization, and reduced feeding, traveling, and sociality (e.g., Alouatta pigra [16,17]; Callithrix pygmaea [18]; Gorilla gorilla gorilla, [19]; Hylobates lar and Presbytis melalophos [20,21]).



In predator-prey systems, population reduction of the prey species is not always caused by mortality per se but by fear of predators [22,23,24,25,26,27,28,29,30,31,32]. Population size can be reduced due to decreased prey fecundity as predator avoidance behaviors lead to missed opportunities to convert resources into offspring [30]. Animals treat predation as a cost of foraging and avoid risky areas and alter foraging strategies when faced with the perceived risk of predation [28,29,30,33].



The risk effects—or non-consumptive effects (NCE)—of species altering their behaviors to avoid predation are often larger than the direct effect of predation [34]. Thus, it follows that human presence alone, even in the absence of human-induced mortality, could impact population dynamics [12,30,35]. This effect is magnified in small, isolated populations of mammal species with slow life histories and low intrinsic rates of population growth such as apes and other primates [36,37,38,39]. In rapidly changing landscapes, decisions must be made quickly to implement conservation tactics—in many cases this requires proximate indicators of stress or population decline.



Java is among the most densely populated places in the world (1026 people/km2 [40]). In West Java, where Javan gibbons (Hylobates moloch) are endemic, there is a long history of humans using forest habitat for both resource extraction and cultural reasons, including spiritual visits to the many sacred forests [41]. Java also has a long history of human land use and cultivation, resulting in a few, highly fragmented remaining forests [42]. Over 91% of the forest cover has been lost [43,44].



The Javan gibbon is classified by the International Union for Conservation of Nature (IUCN) as Endangered [43,45,46,47]. Currently, the total population estimate for Javan gibbons is 4000–4500 individuals, with most populations living in isolated, unprotected forests in West and Central Java [43,47]. Only 10 populations of gibbons are considered large enough for effective conservation (greater than 100 individuals) [47]. Approximately one fourth to one half of the total population of Javan gibbons lives in small populations fewer than 100 individuals; derived from [43,47,48] -- many of these small populations are comprise fewer than 10 individuals [47,48]. In addition to the loss of habitat, the illegal trade in Javan gibbons is ongoing and represents a serious risk to the viability of populations throughout their geographic range. Nijman [49] calculated a potential loss of up to 6.86% per year from the wild population, per year, as a direct result of the illegal trade. Displaced Javan gibbons are found in all stages of the illegal trade network, including private homes, animal markets, and wildlife rescue centers. At the Javan Primates Rehabilitation Centre (JPRC), between 2011–2016 more than 30 Javan gibbons have been confiscated from private ownership [50]. Understanding the dynamics of the illegal hunting, capture and trade of wild Javan gibbons remains the greatest challenge toward facilitating a survival strategy for this endangered species.



We evaluated Javan gibbons’ behavioral responses to humans in Cagar Alam Leuweung Sancang (CALS) nature reserve in West Java as a proxy to predict the long-term survival of one population of this endangered species. CALS is a sacred forest—defined as an area of forest that honors a deity, provides sanctuary for spirits, reminds people of their ancestors, and/or protects a sanctified place from exploitation or hunting of animals [51]. In West Java, such forests are frequently visited by local spiritual tourists. We explore whether gibbons respond to the presence of spiritual tourists in a manner consistent with predictions from predator-prey models. Although the gibbons are assumed to be passively habituated to human presence, because of the long history (specific duration unknown) of spiritual tourism in CALS, it is not clear how repeated human exposure affects gibbon behavior [44].



We specifically predicted that if Javan gibbons respond to humans as if they were predators, they will: (PI) decrease time spent on conspicuous behavior (e.g., vocalizing, feeding, traveling, and social interactions) as the number of humans increase; (PII) decrease time spent on conspicuous behavior as the proximity to humans decreases, and (PIII) respond to humans in a manner that is more consistent with their response to predators than non-predator species or conspecifics.




2. Materials and Methods


2.1. Study Site


CALS is a 2157-hectare reserve located in the province Garut on the south coast of West Java (Map in Figure 1). The reserve was established to protect lowland dipterocarp and mangrove forests and endangered and endemic flora and fauna [44]. Several predator species live within CALS, including leopards (Panthera pardus), eagles and owls (several species), and reticulated pythons (Python reticulatus) [9,44]—all of which were observed during this study except for leopards. Humans are known predators of primates though hunting sensu stricto was not witnessed during the study period; however, in a separate study one of us (NM) observed pursuit and capture, presumably for the pet trade. Low levels of human activity occur continually within CALS, mostly in the form of spiritual tourism (defined as tourists to spiritually significant sites); an average of 16.73 people per day enter the forested area of the reserve within the ranges of several gibbon groups [44]. Spiritual tourists at CALS are domestic and almost all from the island of Java. In 2000–2001, large-scale logging occurred within the reserve and as of 2005, 1215.5 hectares remain forested [44]. The reserve is now divided into two fragments, Sancang Timur (East Sancang, approximately 2 km2) and Sancang Barat (West Sancang; approximately 4 km2), with a minimum of six and two groups of gibbons in each fragment, respectively, for a total population of <30 gibbons [44,52]. Gibbons are unable to travel between fragments, and all data reported in the present study are from the eastern fragment (Sancang Timur).




2.2. Study Animals


Within the Sancang Timur fragment, the confirmed six social groupings comprise 15 individual gibbons. Gibbons were located by tracking them from their long calls and searching their home range. Individual identification and assignment to age/sex classes was possible for all animals in the focal groups. The age/sex composition of gibbon groups (A–F), as well as salient aspects of their respective home ranges are known (Table 1). Additional assessments for a subset of focal groups (Groups A–C) were conducted in 2012, 2013, and 2016 [53,54]. Group A was once larger (n = 5) but was greatly reduced by a reported capture event in 2008 (multiple informants, pers. comm.). The remaining individual, a sub-adult female, persisted within a diminishing range until the last reported sighting of this individual in 2013. For group B, we have documented a history of births (n = 4) and infant/juvenile disappearances (n = 2). The successive disappearances in 2008 and 2012 are either directly the result of human capture [Wedana Adi Putra, unpublished data] or indirectly related to the increase in invasive human activities within this group’s range. Group C has demonstrated a more stable succession of individuals due to births, maturation and dispersal. Due to limitations in the overall data set caused by the relative inaccessibility of groups E and F, only data from groups A–D are included in the present study. Only adults and independent offspring (i.e., juveniles and subadults) are included in the analyses as the behavioral profiles of infants are considered to be non-independent of their mothers.




2.3. Defining Exposure and Accessibility


The gibbon groups within CALS experience varying degrees of exposure to humans. We classified exposure by intensity, which was based on the average number of humans encountered and the accessibility of the home range to humans (Table 1 for ranks); we operationalized this measure based on the average number of people (including the observers) to whom the gibbons were exposed per scan (Table 1; ANOVA; N = 7516, df = 9, F = 102.9472, p < 0.0001). All groups differed from other groups in the average number of people present per scan, except for Amelia, the sole individual from group A, who did not differ from any individual in group D, but individual gibbons within a group did not differ from each other (Tukey-Kramer; α = 0.05). Group C was exposed to the most people per scan. The Cikajayaan waterfall, which is the most sacred site in the forest ([44], Sancang villager, pers. com.]) and thus is the center of most human activity, is located within their home range. Group B was exposed to the second most people per scan. One major sacred site, including shelters where people slept, was located within group B’s home range, as well as the foot path leading to Cikajayaan waterfall (concrete steps leading down to the bank of the Cipangisikan river) and the crossing point (raft) of the Cipangisikan river. Group D and Amelia were exposed to the fewest people per scan. No group of people larger than seven was ever seen when group D was present, or larger than 11 for Amelia.



We defined accessibility by how easily humans could access the various parts of each gibbon group’s home range. This factor was determined by estimating the proportion of each group’s home range that contained either sacred sites or paths that would allow humans to encounter gibbons. Home range sizes for the forest are approximately 15 ha. except for group A [44]. Group B’s home range was the most accessible, as there was only one section of the range (across the Cipangisikan river) where humans could not easily access. Group A’s home range was the second most accessible. This is largely because the home range was very small (6.25 ha. in 2005 [44]), so that its two main points of access (Cipangisikan river crossing site and local fishing site) represent a significant proportion of the home range. Although the Cikajayaan waterfall was the most populated area, it and the surrounding areas were the only part of group C’s home range that were easily accessible to humans, making it the third most accessible. Group D’s home range was the least accessible because although it contained one small sacred site, the paths and site were not often used and only accounted for a small part of the home range.




2.4. Data Collection


Behavioral data were collected from August 2010 until June 2011. Data collection began between 0545 and 0615 every morning and continued until 1630 or until the gibbons moved into their sleeping trees and ceased activity. MAR trained all four assistants on data collection. Due to the topography of CALS, data were collected opportunistically when groups were visible. All behavioral data were collected on PDAs using the CyberTracker data collection program [55]. Data were then uploaded into Microsoft Excel and then imported into JMP Statistical Software Version 9.0 [JMP™, Cary, NC, USA] for analysis. This researcher complied with the protocols of the Institutional Animal Care and Use Committee of the Research Animal Resource Center of the University of Wisconsin, Madison, with the legal requirements of the government of Indonesia, and with the American Society of Primatologists Ethical Treatment of Non-human Primates.



We conducted instantaneous 10-min scan samples throughout the day [56]. Every day, each researcher collected data from a different study group, and no two researchers conducted scans from the same location (when more than one researcher was in the same place, only one person collected scan data). Data collection began for each researcher when he or she arrived in the home range of the designated group. When gibbons were absent, we recorded the number of each type of human visible. Humans were defined as either a “researcher” (MAR and field assistants), “local” (citizen of Sancang village, typically not in the forest for spiritual purposes), or “spiritual tourist” (person who traveled to visit the forest, typically for spiritual purposes). When gibbons were present, along with the information stated above, we also recorded the gibbon group(s) visible. For every independent gibbon visible, we recorded its identity, behavior, and Euclidean distance from nearest humans (<25 m, 25–50 m, 50–75 m, 75–100 m, >100 m).



We also collected 10-min continuous focal animal samples between scans on one systematically chosen gibbon [56]. The first focal individual was chosen randomly, and after that, focal samples were rotated among visible group members so no animal was sampled two times in a row. During the focal sample, we recorded any encounters with humans, conspecifics (by group), other primates (colobines Trachypithecus auratus mauritius and Presbytis comata, or macaques Macaca fascicularis), or predators (cats, primarily Panthera pardus melas; snakes, primarily Python reticulatus, and raptors). Encounters were defined as when the encountered individual (see above) came into the visual range of the focal gibbon. Encountered individuals were not present at the beginning of the focal sample but arrived during the focal sample because we were interested in reactions. We recorded any movement in the canopy of the focal animal immediately following the encounter as either higher or lower (vertical movement) and as either closer to or farther away from the encountered subject (horizontal movement). Since predator encounters are rare, we also recorded all occurrence ad libitum [56] sampling of any encounters with predators we observed. During this study, we only observed encounters with raptors as predators.




2.5. Analysis


Since the behavior of gibbons within a group are not independent of each other (e.g., individuals in a group all resting at same time), gibbons in the same group were combined for all analyses. The one exception to this pooling of behavioral data was when females did long call vocalizations. Additionally, all social behaviors (allogroom, groom recipient, play) were grouped together as ‘social’ and all very rare behaviors (aggression, vigilance, drink, autogroom) were grouped as ‘other.’ Forest physiognomy and topography made all day follows unfeasible, and as a result not all groups and times were sampled equally. We recognize that vocalization behavior was over-sampled; vocalizations could almost always be detected, even at very far distances, and were explicitly used as a way to locate the group. To control for this oversampling, we only analyzed those vocalization bouts in which the group was visible. This was not possible for Group A, comprising only one individual. For Group A we thus excluded data from 100+ m away—the point at which no other behaviors beyond vocalization could be detected due to distance.



We defined Conspicuous behaviors as those behaviors resulting in a gibbon being easier to detect, either visually (including traveling and non-traveling movement) or auditorily (e.g., vocalizing, feeding, traveling, and social behaviors). Inconspicuous behaviors were defined as those behaviors that do not engender gibbons more detectable (e.g., resting/inactive, sleeping, out of sight). While sleeping is inconspicuous, it is not a predator avoidance behavior [9]. However, we include it here because sleep in this context typically occurred during the gibbons’ active period as short rests (not during their nighttime sleeping bout) and could therefore be easily disrupted by activities in the forest, while on its own still rendered the gibbons harder to detect. We considered gibbons positioned 0–25 or 25–50 m from humans as being conspicuous and gibbons positioned at 75–100 m, or 100+ m away from humans as being inconspicuous. We used a starting alpha of p < 0.05 to define significance.



We used separate logistic regression analyses to detect whether the group changed its behavior (response variable) or distance from the nearest human(s) (response variable) as the number of people present (independent variable) increased. Only scans with at least one gibbon present were included in the analysis. Due to the rare occurrence of spiritual tourist groups larger than 15, all analyses were limited to group sizes of 15 or less. If the logistic regression for all behaviors or distances was significant, we used individual logistic regression to test each behaviors/distance separately, where the presence and absence of the behavior was coded as 1 and 0 respectively. Some behaviors occurred infrequently to such a degree that the analyses performed could not detect any change, so these behaviors were not independently analyzed. Therefore, only feed, not visible, sleep, inactive, travel, vocalize were tested. Due to repeated sampling, p values were adjusted with a modified Bonferroni correction [57].



Likelihood ratio chi-square analyses were used to determine if a gibbon group changed its behavior at various distances away from one human. These analyses were limited to observations where the number of people present equaled one to control for the difference in mean number of people per scan for the different gibbons. For all χ2 analyses where the dependent variable differed from the expected values generated from χ2 probabilities, we used the individual cell χ2 values to determine which specific cells were deviating from expectations. Individual cell χ2 values higher than 3.841 (p = 0.05 for df = 1) differed significantly from the expected value.



Because encounter rates between human visitors and gibbons were low, we grouped all gibbons together for all analyses comparing different types of encounters. We used likelihood ratio χ2 analyses to compare movement in the canopy following an encounter for all encounter types.





3. Results


We analyzed a total of 668.66 h of behavioral data from direct observation. The number of hours each individual gibbon was observed is found in Table 1. Here, we address each prediction (PI–PIII) as outlined in the introduction.



3.1. Test of Prediction I: If Javan Gibbons Treat Humans as Predators, Gibbon Groups Will Decrease Time Spent on Conspicuous Behavior as the Number of Humans Increase


3.1.1. Behavior by Number of Humans


Our prediction was partially supported by analysis of gibbon behavior by number of humans present. As the number of humans increased, members of group B were less likely to feed, and they were more likely to sleep (Figure 2; N = 2985, χ2 = 70.325, df = 8, p < 0.0001), which supported our predictions. Similarly, group C decreased time spent vocalizing. However, contrary to our predictions, members of group C increased time spent feeding and decreased time spent not visible and sleeping (Figure 2; N = 1602, χ2 = 72.829, df = 8, p < 0.0001). Also contrary to our predictions, were groups A and D. Amelia, the solitary group A female, did not change her behavior as the number of people present changed (Figure 2; N = 1280, χ2 = 11.893, df = 8, p = 0.1561), and as the number of people increased, group D individuals were more likely to feed (Figure 2; N = 992, χ2 = 17.758, df = 8, p = 0.0231).




3.1.2. Distance by Number of Humans


Our prediction was mostly supported by analysis of gibbon distance from humans by number of humans present. We analyzed the effect of total number of humans on gibbon distance from humans. The results from group B once again supported our prediction. As the number of people increased, they were less likely to be 0–25 m away and more likely to be 75–100 m away (Figure 3; N = 2985, χ2 = 17.915, df = 4, p = 0.0013). The result from groups C and D also partially supported our prediction. As the number of people increased group C individuals were less likely to be 50–75 m away (Figure 3; N = 1593, χ2 = 13.21, df = 4, p = 0.0103). Members of group D were less likely to be 0–25 m away and 75–100 m away, and more likely to be 25–50 m and 50–75 m away (Figure 3; N = 992, χ2 = 22.756, df = 4, p < 0.0001).



Group A (Amelia) behaved contrary to our predictions. As the number of people per scan increased, Amelia was more likely to be 25–50 m away and less likely to be 75–100 m away from the nearest human(s) (Figure 3; N = 1280, χ2 = 10.505, df = 4, p = 0.0327).





3.2. Prediction II: If Javan Gibbons Treat Humans as Predators, Gibbon Groups will Decrease Time Spent on Conspicuous Behavior as the Proximity to Humans Decreases


This prediction was mostly supported. All gibbon groups altered behavior as distance from one human researcher changed (A: N = 692, χ2 = 81.563, df = 21, p < 0.0001; B: N = 1713, χ2 = 258.712, df = 32, p < 0.0001; C: N = 536, χ2 = 157.649, df = 32, p < 0.0001; D: N = 790, χ2 = 186.84, df = 32, p < 0.0001). As predicted, all gibbon groups vocalized less than expected by χ2 probabilities assuming distance from humans had no effect on behavior at close distances and/or more than expected at far distances (Table 2). Also supporting our predictions, group B slept and were inactive less than expected at 100+ m away and traveled less than expected at 0–25 m away. Group C was inactive more than expected at 0–25 m away and less than expected when they were 100+m away. Group D were inactive more than expected at 0–25 m away and less than expected at 50–75 m and 100+ m away. They traveled less than expected at 0–25 m away (Table 2).



However, gibbon feeding behavior was contrary to our predictions. Groups A, B, and D all fed more than expected by χ2 probabilities assuming distance from humans had no effect on behavior at close distances while groups A, B, and C all fed less than expected at far distances (Table 2). Also contrary to our prediction, groups B, C, and D were out of view less than expected at close distances and more than expected at far distances, but this can be explained by gibbons being easier to observe at close distances (Table 2).




3.3. Prediction III: If Javan Gibbons Treat Humans as Predators, Gibbon Groups Will Respond to Humans More Similarly to How They Respond Other Predators Than How They Respond to Other Non-Predator Primate Species (Conspecifics, Monkey Species)


This prediction was supported. We observed 538 encounters, 394 encounters with humans, 93 encounters with monkeys, 30 encounters with gibbons from other groups, and 21 encounters with predators (raptors). Gibbons moved horizontally both towards (N = 6, χ2 = 7.94) and away from other gibbons (N = 14, χ2 = 9.19) more than expected by χ2 probabilities assuming that encounter type did not affect gibbon movement. They also moved away from monkeys more than expected (N = 32, χ2 = 7.67) and away from humans less than expected (N = 65, χ2 = 4.09). They maintained their horizontal position less than expected when encountering other gibbons (N = 10, χ2 = 6.26) and monkeys (N = 50, χ2 = 4.34) (Figure 4; N = 538, χ2 = 17.201, df = 6, p < 0.0001). For all encounter types, gibbons moved away from the encountered individual(s) more often than they moved towards it, however for both humans and predators, the vast majority of the gibbons’ responses were to not change their horizontal position, whereas with other gibbons and monkeys they did change their horizontal position a much larger proportion of the time.



For all encounter types, gibbons generally did not change their vertical position in the canopy, but they moved lower in the canopy less than expected by χ2 probabilities assuming that encounter type did not affect gibbon movement when encountering humans (N = 12, χ2 = 4.52) and more than expected when encountering monkeys (N = 12, χ2 = 8.95) and avian predators (N = 4, χ2 = 6.83). Upon encountering humans, gibbons most often did not change their vertical position (N = 334). They moved higher in the canopy (N = 48) more often than they moved lower in the canopy (N = 12), but this difference was not significant (Figure 4; N = 538 χ2 = 27.176, df = 6, p = 0.0001).





4. Discussion


In this research we hypothesized that Javan gibbons would respond to humans in a manner consistent with their behavioral responses to predators. Specifically, we predicted that gibbons would increase time engaged in inconspicuous behaviors and decrease time engaged in conspicuous behaviors as either the number of humans increased (Prediction I) or the proximity to humans decreased (Prediction II). We also predicted the gibbons would respond to humans in a manner that is more consistent with their response to predators than non-predator species or conspecifics (Prediction III). We found varying support for our predications.



4.1. Response to Human Group Size


Group B was most sensitive to the number of people present, with members behaving more inconspicuously and positioning themselves farther from human groups as the number of people present increased. Of all the groups, group B had the most accessible home range (i.e., humans could access the largest portion of it relative to other groups’ home ranges), which is consistent with our hypothesis that the constant risk of human exposure may result in more pronounced behavioral changes. Additionally, because of the accessibility of group B’s home range, humans were on average 52 m away from them, which is second closest to group D (46 m away). For group B, this high accessibility manifests as increased sensitivity to changes in human group size.



Home range accessibility seemed to affect gibbons’ response to larger groups more than average number of people per scan, as group C was less sensitive to changes in group size despite seeing more people per scan on average. They also were observed farther away than group B (60 m) on average. In fact, group C increased feeding (a conspicuous behavior) as the number of people increased. Why this was the case is not clear. One likely explanation is the number of preferred feeding trees in a high human traffic area in group C’s home range. Most of the observations of group C were from near Cikajayaan because many other parts of group C’s home range were inaccessible due to sheer cliffs and thick vegetation. However, they came to Cikajayaan regularly when the trees in the area were fruiting. Humans also came to this spot variably depending on season; during some time periods it was not uncommon for over 20 people to be at Cikajayaan, and during other times the area would be almost empty. It is possible that the fruit trees here represent a crucial part of group C’s food intake when they are in season, and that this season corresponds to times of high usage by visitors. However, data on plant phenology in the area would need to be collected to confirm this hypothesis.



It may be possible to explain group C’s results as a consequence of increased habituation or tolerance to large groups of people, as group C has historically had many people in their home range (pers comm [35,58]). However, if habituation were the only factor, we would have expected groups A and D, having on average the lowest number of people per scan, to be more sensitive to increasing group size, but this was not the case. Like group C, group D increased time spent feeding as the number of people increased, whereas group A (Amelia) did not alter her behavior with changing human group sizes. Amelia’s behaviors are likely due to her changing home range use. Early in the study, Amelia occasionally occupied the most northern part of her home range, near the site where visitors cross the Cipangisikan River to go to Cikajayaan. Thus, most of her encounters with larger groups are from this spot, and at this location (North River), Amelia was also easily accessible to humans. Amelia appeared unable to defend her territory from encroachment by group B [pers. obs.]. Her shrinking home range meant she might have had to exploit areas close to humans that other gibbon groups would avoid [59]. She was the only gibbon who consistently acted contrary to predictions for both behavior and distance to humans as number of humans increased. However, as she was pushed farther south into her home range, she spent less time at this easily accessible area, which resulted in her being observed from the farthest average distance from humans(76 m).




4.2. Response to Distance to Nearest Human


Although not all groups consistently altered their behaviors in response to changes in human group size, they were all consistently affected by distance from the nearest human. Increased number of people present resulted in groups B, C, and D spending either more time at farther distances or less time at closer distances to humans.



All gibbon groups were also sensitive to their distance from one human researcher. Most behavioral alterations were consistent with our predictions; group B and D gibbons traveled less when close to the researcher, and group C and D gibbons were more often inactive when close to the researcher. However, groups A, B, and D all fed more when they were close to the researcher, but this may be caused by either (1) fruits being located on lower trees or branches than the gibbons prefer for travel and rest or (2) feeding being more readily observable at close distances. As feeding is a relatively conspicuous behavior, it is unlikely it was missed at other distances. Thus, in general gibbons seem to be more sensitive to the distance from humans than they are to the number of humans present. Distance sensitivity has also been reported in habituated gorillas exposed to spiritual tourist groups [19].



Our most striking result is that all groups vocalized more frequently when farther away from the researcher and less frequently when researchers were in closer proximity (Table 2). Vocalizations are the most conspicuous (i.e., easily detectable) behavior in the Javan gibbon behavioral repertoire [60]. Unlike most other gibbon species, Javan gibbons do not duet. Female gibbons often perform the great calls solitarily, occasionally accompanied by juveniles of either sex [61]. Female song bouts usually occur in the crown of a tree with a freestanding crown. The great calls are highly conspicuous because their sound travels for 1500 m [60] and during the crescendo of the great call, the female quickly brachiates to nearby branches [9,60] though not all populations do this [61]. Suppressing vocalizations makes gibbons less detectable, and human activity is known to result in vocalization suppression in gibbons [11,20] and other primates [10,18].



Most vocalizations for almost every gibbon were recorded from greater than 100 m away. Preference for vocalizing high in the canopy [9,60] may partially explain why so few vocalizations were observed at close distances. However, the canopy in Sancang was approximately 50 m high, so we would expect to observe a high proportion of vocalizations at 50–75 m or 75–100 m away. Alternatively, because vocalizations are the most conspicuous behavior, they could be detected at any distance, whereas other behaviors were difficult to see when the gibbons were more than 100 m away. This resulted in an under sampling of non-vocalizing behaviors at far distances. However, gibbons still vocalized proportionally more at far distances even after oversampled vocalizations were removed, and total numbers of vocalizations observed were much higher at over 100 m away from the researcher when all vocalizations were included. A final confounding factor to this observation is that as each distance class increases, more area is observable, so it may be expected that more observations of vocalizations would occur at greater distances, especially since vocalizations could be so easily detected. However, while this may explain some of the skew in vocalization observations, it is unlikely to fully explain the pattern observed. If increased observable area at increased distances did lead to more observations at these distances, we would expect to observe more of all behaviors at farther distances and more total observations at farther distances, but this is not the case for any other behavior, including other conspicuous behaviors or for total number of observations. This may be due to the ease of observing vocalizations relative to other behaviors, but analyses controlled for this phenomenon by eliminating instances where vocalizations could be observed but other behaviors could not easily be observed (see above). Upon locating gibbons, we positioned ourselves in a way to most easily observe their behavior (aided by binoculars), so that we could detect all behaviors from where we were located, not just vocalizations. Thus, the number of scans where vocalizations were only observed because of their highly conspicuous nature was effectively minimized. Further support of vocalization suppression comes from group D, who vocalized more than the other gibbon groups, and had the least human exposure. Based on our results and the propensity for Javan gibbons to employ inconspicuousness as an anti-predator behavior, we suggest that the gibbons in this forest suppress their vocalizations when human groups are nearby to avoid detection by these groups.



Vocalization suppression has conservation implications for gibbons because the purposes of song bouts include group spacing, defense of resources, mate attraction, and strengthening or advertisement of the pair bond [62,63,64,65,66,67,68,69,70,71]. Thus, suppressed vocalizations could result in reduced strength of pair bonds, reduced ability to find mates, reduced ability to defend territories, and increased intergroup conflict. We also proposed that gibbons’ movement in the canopy upon encountering humans will be more similar to their response to predators than their response to monkeys or other gibbons (Prediction III). This hypothesis was supported. The most common response to humans and predators was for gibbons to not move at all, but when they did move, to move away from the human/predator (higher for humans and lower for avian predators). Upon encountering other gibbons or monkeys, gibbons were much more likely to move in general and also more likely to move toward them than they were humans or predators. Additionally, the large portion of the time gibbons respond to humans and avian predators by not changing their canopy position is expected because gibbons are most likely to employ inconspicuousness as an anti-predator behavior for avian predators and humans [9].




4.3. Conservation Implications


Community based conservation projects such as low impact nature-based tourism (as in Sancang) or ecotourism, are becoming popular conservation strategies in developing nations [72]. Such strategies can have both positive and negative impact on the local communities and the natural area and wildlife [16,73,74,75,76,77,78]. Tourism can cause primates to alter time budgets, suppress vocalizations, and can interfere with primate reproduction and feeding [16]. However, the effects of low-impact human exposure on animal behavior are only starting to be understood [79], and remain unknown for many species.



Kappeler [9] describes the general anti-predation strategy of Javan gibbons as predator avoidance. Predator avoidance behavior for Javan gibbons includes utilizing cryptic behavior (remaining still, avoiding conspicuous behaviors such as feeding and traveling), and increasing vigilance. Based on this description, Javan gibbons at CALS reacted to humans in ways that are consistent with gibbon and primate anti-predator behavior through increased cryptic behavior. Unsurprisingly, gibbons were most affected by humans when they had a highly accessible home range and when they were exposed to larger groups of spiritual tourists. Constant human presence also seems to affect gibbons more than periodic exposure. In a complementary study using GIS analysis, Reisland and Lambert [80] found group B to be more sensitive to the presence of humans than group C, occupying their range in non-random patterns to avoid humans which they may perceive as risky. In contrast, group C’s spatial patterning did not support the hypothesis that humans were a risk to be avoided; this group was just as likely to be observed within areas of intensifying human presence as in areas without humans [80].



Though behavioral changes themselves do not directly inform us about population growth, increased anti-predator behavior has been demonstrated to result in reduced growth rates for populations [25,30,34]. This is because the threat of predation causes prey species to forage less efficiently than in the absence of predators due to increased time spent on predator avoidance and vigilance and decreased time spent in risky areas or on conspicuous behaviors [30,34]. While the behavioral changes observed in Javan gibbons seem minor, even small decreases in growth rate can be detrimental to such a small population of animals [39]. Javan gibbons are endangered, and most populations are both small and in decline. The good news is that behaviors measured here suggest that Javan gibbons possess the resilience and behavioral flexibility to deal with human “predators” and may be able to adapt to the low levels of disturbance that occur within CALS. Because of this observed behavioral flexibility and the lack of long-term data at this site, the direct fitness consequences to gibbons are not yet known, but the potential fitness implications of nature-based tourism warrant further study.



This study is not meant to represent the population level effects of human presence on all primates, or even all Javan gibbons. The Javan gibbon population in CALS is very small (<30 individuals), though it represents the largest population of lowland Javan gibbons outside of Ujung Kulon National Park [44]. Furthermore, the gibbon population size in the forest has remained relatively stable over the course of the past decade [53,54]. In a comparison of census population (N) and effective population sizes (Ne) over time for a subset of gibbon groups within CALS (groups A, B and C), population growth associated with the survival and maturation of offspring within Group C were offset by the loss of individuals from groups A and B [54] (See Section 2.2 Study Animals). All of the gibbons in the forest are habituated to human presence due to years of human spiritual use, but no groups were ever actively habituated. Therefore, different and opposing responses to humans is expected for these groups because in some parts of the reserve humans represent both a real and a perceived risk to gibbons, whereas elsewhere, the presence of spiritual sites and practices seems to limit detrimental human activities to the potential advantage to gibbon population health. It is our hope that this study can serve as a case study of the impact of tourists on non-human primates and can be applied to similar sites that employ nature-based tourism or ecotourism as a conservation strategy. Our results support the hypothesis that gibbons alter their behaviors in response to human presence and encounter rates, and the degree in which they engaged in anti-predator behavior varies based on the context of the interactions These behavioral alterations must be considered when evaluating the conservation potential of Javan gibbon populations.
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Figure 1. Map of CALS [44] with study area along Cipangisikan River highlighted. Approximate home ranges of study groups are shown on map. Note that home ranges extend beyond study area and home ranges represented outside of study area are estimated. Significant locations within study area are noted on the map. 
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Figure 2. Behaviors at varying numbers of humans present for (a) Group A; (b) Group B; (c) Group C; and (d) Group D. Some behaviors occurred infrequently to such a degree that the analyses performed could not detect any change, so these behaviors were not independently analyzed Only behaviors that occurred frequently enough for an affect to be detected are shown. The area between the curves predicts the proportion of time the gibbon spends on each behavior. Behaviors correspond to key at bottom of the figure. Individual behaviors that changed significantly with changing numbers of humans are indicated with either a + (behavior increases in frequency as number of humans increase) or a − (behavior decreases in frequency as number of humans increases). For p values, NS: <0.1, *: <0.05, **: <0.01, ***: <0.001. 
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Figure 3. Distance from humans at varying numbers of humans present for (a) Group A; (b) Group B; (c) Group C; and (d) Group D. The area between the curves predicts the proportion of time the gibbon spends at each distance. Distances correspond to the key at the bottom of the figure. Individual distances that changed significantly with changing numbers of humans are indicated with either a + (time at distance increases in frequency as number of humans increase) or a − (time at distance decreases in frequency as number of humans increases). For p values, NS: <0.1, *: <0.05, **: <0.01, ***: <0.001. 
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Figure 4. (a) Horizontal movement and (b) Vertical movement in the canopy by encounter type (gibbon, human, monkey, predator). Labels correspond to colors on the key on the right. 
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Table 1. Gibbons in Sancang Timur.
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Group

	
# Hum Rank 1

	
Access. Rank 2

	
Gibbon

	
Age/Sex

	
# Scans

	
Obs. Hrs.

	
Hum/scan 3

	
SD






	
A

	
3

	
2

	
Amelia

	
Adult Female

	
1280

	
213.33

	
1.46 a

	
1.0




	
B

	
2

	
1

	
Tono

	
Adult Male

	
1468

	
244.67

	
1.73 b

	
1.66




	
Tini

	
Adult Female

	
1592

	
265.33

	
1.82 b

	
1.7




	
Udian

(dis. 11/10)

	
Juvenile

	
194

	
32.33

	
2.07 b

	
1.77




	
C

	
1

	
3

	
Jay

	
Adult Male

	
569

	
94.83

	
3.24 c

	
3.1




	
Ann

	
Adult Female

	
663

	
110.5

	
2.94 c

	
2.88




	
Cika

	
Juvenile Male

	
591

	
98.5

	
3.10 c

	
2.83




	
Wana

(born 5/11)

	
Infant

	
N/A

	
N/A

	
N/A

	
N/A




	
D

	
3

	
4

	
Sastro

	
Adult Male

	
311

	
51.83

	
1.25 a

	
0.66




	
Dian

	
Adult Female

	
477

	
79.5

	
1.32 a

	
0.78




	
Wardini

	
Juvenile Female

	
372

	
62

	
1.25 a

	
0.66




	
Bayi

(dis. 3/11)

	
Infant

	
N/A

	
N/A

	
N/A

	
N/A








1 Groups ranked by number of humans they see (most to least). Determined by mean number of humans observed per scan; 2 Groups ranked by easily humans can access home range (easiest to hardest). Determined by proportion of estimated total home range accessible by humans; 3 ANOVA with Tukey-Kramer post hoc test. Matching letters indicate values not significantly different (p < 0.05).
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Table 2. Behavioral changes at varying distances from one human researcher.






Table 2. Behavioral changes at varying distances from one human researcher.





	
Group

	
Behavior

	
Distance

	
Difference

from Expected a

	
N

	
Cell χ2






	
A

N = 692

	
Feed

	
0–25 m

	
+

	
14

	
12.50




	
50–75 m

	
+

	
80

	
7.09




	
75–100 m

	
–

	
40

	
16.27




	
Vocalize

	
25–50 m

	
–

	
3

	
6.45




	
75–100 m

	
+

	
62

	
12.43




	
B

N = 1713

	
Feed

	
0–25 m

	
+

	
121

	
39.95




	
50–75 m

	
–

	
52

	
5.92




	
75–100 m

	
–

	
41

	
10.14




	
100+ m

	
–

	
14

	
13.99




	
Not Visible

	
0–25 m

	
–

	
20

	
22.11




	
25–50 m

	
–

	
129

	
5.07




	
50–75 m

	
+

	
77

	
6.14




	
100+ m

	
+

	
64

	
41.24




	
Sleep

	
100+ m

	
–

	
0

	
4.89




	
Inactive

	
100+ m

	
–

	
8

	
10.19




	
Travel

	
0–25 m

	
–

	
42

	
6.43




	
Social

	
50–75 m

	
–

	
1

	
4.10




	
Vocalize

	
25–50 m

	
–

	
15

	
8.73




	
100+ m

	
+

	
19

	
26.98




	
Other

	
0–25

	
+

	
8

	
3.89




	
C

N = 536

	
Feed

	
100+ m

	
–

	
0

	
11.57




	
Not Visible

	
0–25 m

	
–

	
17

	
6.73




	
100+ m

	
+

	
32

	
7.55




	
Sleep

	
50–75 m

	
+

	
17

	
7.46




	
100+ m

	
–

	
0

	
4.16




	
Inactive

	
0–25 m

	
+

	
39

	
25.51




	
100+ m

	
–

	
0

	
11.10




	
Vocalize

	
100+ m

	
+

	
17

	
45.53




	
D

N = 790

	
Feed

	
0–25 m

	
+

	
57

	
13.53




	
50–75 m

	
–

	
11

	
4.64




	
Not Visible

	
0–25 m

	
–

	
45

	
12.76




	
50–75 m

	
+

	
67

	
10.62




	
Sleep

	
50–75 m

	
+

	
3

	
6.54




	
Inactive

	
0–25 m

	
+

	
85

	
10.06




	
50–75 m

	
–

	
21

	
6.08




	
100+ m

	
–

	
1

	
17.22




	
Travel

	
0–25 m

	
–

	
24

	
3.90




	
Vocalize

	
0–25 m

	
–

	
17

	
6.77




	
100+ m

	
+

	
34

	
57.09




	
Social

	
0–25 m

	
+

	
6

	
8.52




	
Other

	
0–25 m

	
+

	
7

	
9.94








a Difference column signifies if the group performed the behavior more (+) or less (–) than expected based on χ2 probabilities assuming distance has not effect on behavior. Only behaviors that differed from expected frequency of occurrence (cell χ2 value over 3.841 (p = 0.05 for df = 1)) are reported.
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