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The forests of Central Africa are distinct from counterpart forests in Amazonia by having 43 

fewer trees ≥10 cm dbh per ha, especially small trees <20 cm dbh, and in having sapling 44 

cohorts that are less diverse than canopy trees. We tested four hypotheses to investigate 45 

whether herbivory, in particular, browsing by forest elephants, could be a factor in these 46 

differences. We found that the density of small saplings and diversity of large saplings 47 

were inversely associated with local density of elephants. We then tested the hypothesis 48 

that steep slopes might serve as refugia from elephant foraging, but found that elephants 49 

routinely forage on slopes with an inclination of less than ca 30 deg. Nevertheless, the 50 

diversity of small trees (≥10 cm, <20 cm dbh) was higher on slopes than on paired level-51 

ground sites. The incidence of break scars on saplings ≥2 cm dbh and <6 cm dbh was 52 

greater (107/100 stems) on level ground than on slopes (77/100 stems), although high 53 

variability precluded statistical significance. After correcting for background breakage, 54 

the break rates attributable to elephants were 71 and 43 per 100 stems on level ground 55 

and slopes, respectively. Liana loads borne by trees at different sites were highly variable 56 

and unrelated to slope. Apparently, disturbances are more critical to liana development 57 

than herbivory. Elephants, along with other large mammals such as gorillas, duikers, red 58 

river hogs and rodents, appear to act as powerful filters on the tree recruitment process in 59 

African forests that still retain intact megafaunal communities.  60 

 61 

 62 

 63 

 64 

 65 
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Megaherbivores have roamed all the earth’s continents since the late Paleozoic except for 66 

brief periods of recovery following major extinction crises. Today, human-driven overkill 67 

has extirpated megaherbivores everywhere but in small and shrinking portions of Africa 68 

and southern Asia. Most research on the impacts of megafauna has been conducted in 69 

savanna or savanna-woodland environments (reviewed by Owen-Smith 1988, Sukumar 70 

2003). The role of megaherbivores in forested environments has received much less 71 

attention (Short 1981, White et al. 1993, Hawthorne and Parren 2000). The literature on 72 

forest elephants is limited and mostly directed to understanding population structure, 73 

movements, fruit dispersal and diet, as deduced from the analysis of dung deposits (Short 74 

1981, White et al. 1993, Barnes et al. 1995, Blake et al. 2009). How elephants and other 75 

large herbivores influence forest composition and regeneration processes is an almost 76 

unstudied subject (Hawthorne & Parren 2000).  77 

Herbivory is not often regarded as having a major influence on forest structure and 78 

species composition, but our assumptions have emerged from a world without 79 

megaherbivores. Megaherbivores, by the definition we shall employ here, are herbivores 80 

too large, at least as adults, to be killed by available predators. Megaherbivores are 81 

consequently regulated from the bottom-up by their food supply (Owen-Smith 1988, 82 

Sinclair et al. 2003, Hopcraft et al. 2011). Recent research has shown that even mid-size 83 

herbivores living in a predator-free environment, as deer (Odocoileus spp.) currently do 84 

in parts of the United States, indisputably do exert major influences on vegetation 85 

(McShea et al. 1997, Ripple and Beschta 2006, 2008). Severely food-limited deer are 86 

capable of reducing a forest to grassy parkland by suppressing dicot recruitment (Rooney 87 

2009). Similarly, bottom-up regulated leaf-cutter ants and howler monkeys drastically 88 
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altered the pattern of tree recruitment in a Venezuelan dry forest, resulting in a huge 89 

decrement in species diversity (Terborgh et al. 2001, 2006, 2010). Other examples 90 

abound (e.g., McShea et al. 1997, Oksanen et al. 2010, Ripple and Beschta 2010). 91 

The obvious way to evaluate the impacts of megafaunal herbivory would be to 92 

compare otherwise intact forests which contained or lacked elephants and other browsers, 93 

but this turns out to be more difficult than one might imagine (at least in Gabon) for 94 

elephants have ranged throughout the country until quite recently and are still 95 

widespread, although at reduced densities near roads (Barnes et al. 1993, Blake et al. 96 

2008). Unlike savanna elephants, forest elephants cannot readily be observed, so their 97 

impacts must be deduced from indirect evidence (Short 1981, White et al. 1993, Höft and 98 

Höft 1995).  99 

Our goal in the research reported here was to compare tracts of forest experiencing 100 

high vs. low (or zero) browsing from forest elephants in Gabon, Central Africa. We took 101 

two approaches to circumventing the ubiquity of elephants in Gabonese forests. First, we 102 

compared densities and diversities of stems of different sizes at a series of localities 103 

where elephants differed in abundance (absent, low, high). Second, we compared 104 

properties of forest stands growing on steep slopes and adjacent level ground on the 105 

assumption that elephants avoid steep slopes (Wall 1994). The assumption seemed 106 

reasonable because the specific metabolism of elephants is much lower than that of 107 

smaller mammals, so climbing a hill requires a greater relative expenditure of effort 108 

(Peters 1983). This is why elephants (and humans), when confronted by a seep grade, 109 

seek a gentle route or ascend via switchbacks. 110 
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If it is assumed that slopes act as at least partial refuges from elephant foraging, and 111 

that elephant foraging imposes a filter on the recruitment of woody plants, these 112 

predictions follow: 1) tree species diversity should be higher on slopes; 2) the incidence 113 

of sapling stem breaks attributable to elephant foraging should be higher on level ground 114 

(Scheil & Salim 2004), and 3) trees on slopes should be more heavily festooned by 115 

lianas. Many lianas are fast growing and liana leaves are preferred forage for some 116 

folivores, including elephants (Short 1981). One can therefore imagine that elephants 117 

might habitually pull down lianas. If slopes constitute refuges from elephant foraging, 118 

lianas might be more prevalent and more fully developed on slopes.  119 

 120 

Materials and methods 121 

Sampling stations 122 

For between-site comparisons we selected localities that supported intact faunal 123 

assemblages with unpoached elephant populations at naturally low (northern Ivindo 124 

National Park – Djidji, Kongou), or high densities of elephants (southern Ivindo National 125 

Park – Langoue; Lope National Park). For elephant-free sites we used the Fôret de la 126 

Mondah, a teaching forest near the capital, Libreville, that last harbored elephants 127 

sometime in the 1970s (fide Lee White and Raoul Niangadouma) and another more 128 

recently elephant-free forest near Iguela, some 250 km south of Libreville (Table S1). 129 

These localities represent the 3 major physiographic regions of Gabon: coastal sand 130 

(Mondah, Iguela), central granite (Lope) and eastern sandstone (Ivindo) (Les Éditions J. 131 

A. 2004). The climate throughout is seasonal with a major dry season from June through 132 

August and a minor dry season in December-January. The major dry season in Gabon is 133 
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unlike that in many other parts of the tropics, by being cool and unrelentingly cloudy due 134 

to the influence of the Benguela Current offshore. Annual rainfall at these sites ranged 135 

from ca 1300 mm at Lope to 2600 at Mondah. 136 

 137 

Elephant densities  138 

We estimated elephant densities by counting dung deposits encountered along elephant 139 

trails used in entering and exiting the research sites at Djidji (Ivindo North) and Langoue 140 

(Ivindo South). All deposits were counted, whether fresh or old (Barnes et al. 1997). We 141 

measured the locations of dung deposits and distances between them with a Garmin 142 

60CSx GPS instrument. For Lope National Park, we relied on transect counts reported by 143 

White (1994) showing that elephant densities there are among the highest recorded in 144 

Africa. 145 

 146 

Vegetation sampling  147 

At Djidji, Kongou and Langoue, we installed formal 1-hectare plots on level ground in 148 

which all trees ≥10 cm dbh were mapped into 20 x 20 m subplots, measured 149 

(circumference at 1.3 m) and identified. At Lope we report data from an equivalent plot 150 

installed by another research team (see Acknowledgments). At most sites we subsampled 151 

stems ≥1 m tall and <10 cm dbh in 2 to 5 strips of 100 m2 each (5 x 20 m), and stems <1 152 

m tall in 2 x 2 m squares situated at the farthest corners of the strips (total, 8 m2 per strip). 153 

We measured and identified all stems in the field to species or morphospecies.  154 

 155 

Paired comparisons of level sites and adjacent slopes   156 
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We compared tree communities in 5 pairs of plots situated, respectively, on level-ground 157 

and on adjacent slopes. Within each plot, we measured and identified all trees ≥10 cm 158 

dbh. Level ground plots were 1-ha in area (0.5 ha in one case). On slopes we followed a 159 

parallel procedure except that we did not measure a formal hectare or establish grid lines 160 

but rather inventoried a contiguous band of trees at mid-slope until the number of trees 161 

equaled or exceeded that in the nearby level hectare that served as reference (Table S1). 162 

In each plot we evaluated similar numbers of saplings for evidence of past stem breaks, 163 

as indicated by the presence of dog-leg scars (see below). 164 

We measured slope grade in degrees using a Nikon ‘Forestry 500’ hypsometer by 165 

taking several measurements on each slope and using the mean to characterize the site. 166 

Within each plot we subsampled saplings (≥2 cm and ≤6 cm dbh) as encountered on 167 

parallel transects through the plots. We measured stem diameters at 1.3 m, identified the 168 

saplings and evaluated each one for scars indicating past stem breaks (see below).  The 169 

number of saplings sampled varied somewhat but in most cases equaled or exceeded the 170 

number of trees contained in the encompassing tree plot.  171 

 172 

Evaluation of stem breaks in relation to elephant foraging  173 

Savanna elephants (Loxodonta africana) and forest elephants (Loxodonta cyclotis) forage 174 

in distinct fashions. Savanna elephants typically break branches of mature trees and often 175 

push trees over to obtain access to foliage (Kohi et al. 2011, O’Kane et al. 2011). In 176 

contrast, forest elephants rarely break branches or push trees over. Instead, they forage on 177 

herbaceous vegetation, particularly the abundant Marantaceae of Central African forests, 178 

and on tree saplings, which they break and strip of leaves (White et al. 1993). Break scars 179 
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can result from elephant foraging or from other causes, including die-back of the top and 180 

damage from falling debris (Clark and Clark 1991, Paciorek et al. 2000). To control for 181 

these other sources of breakage, we evaluated sapling stem breaks in two elephant-free 182 

forests: Mondah, a forest near Libreville, Gabon, that has had no elephants for 183 

approximately 30-40 years, and Casa Machi, a location in Peru’s Manu National Park 184 

which has not seen megafauna for many millennia. At Mondah, it was evident that a 185 

proportion of larger stems (mostly ≥4 cm dbh) carried break scars in the height range (>1, 186 

<3 m) often selected by elephants, suggesting that the effects of past elephant foraging 187 

were still working their way up through the 2-6 cm dbh size class. We thus used the Peru 188 

data to control for background breakage.  189 

To assess the frequency of foraging damage to saplings, we began by examining all 190 

saplings ≥1 cm and <10 cm dbh but soon realized that the range was too broad. Saplings 191 

<2 cm dbh are often stripped of foliage without being broken. At the high end of the 192 

range, saplings >5-6 cm dbh are firm enough to resist breakage. Thus, saplings pass 193 

through a “window of vulnerability” as they grow from ca 2 cm to ca 6 cm dbh. Past 194 

breaks leave prominent scars marked by a kink in the stem where a lateral bud sprouted 195 

and formed a new leader. However, the existence of such irregularities is ephemeral, as 196 

the trunks of nearly all species smooth out as they expand, erasing all signs of past 197 

trauma. Therefore, at diameters >6 cm, evaluation of past breaks becomes problematical. 198 

Breaks caused by debris falling from the canopy and from crown die-back are frequent in 199 

the absence of elephants and can occur at all heights from 0.1 m to >4 m (Clark and Clark 200 

1991, Paciorek et al. 2000). Thus, the impact of elephant foraging must be evaluated as 201 

excess breaks over background breakage due to other causes. We estimated excess 202 
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breakage by subtracting the proportion of breaks (pro-rated by height class) recorded in a 203 

megafauna-free Amazonian forest from the break data recorded at Gabonese sites.  204 

 205 

Lianas  206 

We evaluated the presence and development of lianas on each tree ≥10 cm dbh 207 

inventoried in the plots on a 4-point scale: 0 = no lianas climbing on or touching the tree 208 

at any height; 1 = scant liana infestation, 1 or 2 thin stems on the trunk or in the crown; 2 209 

= moderate liana infestation comprising multiple stems and a substantial mass of foliage, 210 

usually concentrated just below the crown; 3 = heavy liana infestation involving scores or 211 

hundreds of stems that smother the foliage of the host tree. 212 

 213 

Analysis 214 

We tested most hypotheses using the program Excelstat® and simple, univariate statistics 215 

(paired t- or z-test, ANOVA, linear regression). For inter-site comparisons of species 216 

diversity we used the rarefaction method of Chao and Jost (2012) and the program 217 

iNEXT (Hsieh et al. 2013) at constant coverage levels to control for varying sample sizes.  218 

 219 

Results 220 

Sapling density and diversity 221 

To assess megafaunal impacts on the density and diversity of recruiting saplings, we 222 

compared sapling densities at sites differing in elephant density (absent, low, high). 223 

Counts of dung piles encountered on trails served to document relative elephant densities 224 

in the northern and southern sectors of Ivindo National Park (Table 1). Elephant densities 225 
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are considerably higher in Lope National Park (White 1994), whereas elephants were 226 

absent from two forests closer to human settlements (Mondah, Iguela). Densities of small 227 

saplings (≥1 m tall, <1 cm dbh) were negatively associated with elephant density (Table 228 

2; F = 14.9, p = <0.0001, df = 3 by ANOVA). Densities of large saplings (≥1 cm, <10 cm 229 

dbh) were weakly negatively associated with elephant densities (F = 3.02, p = 0.065, df = 230 

3). These trends might have been stronger had not 2 of the 3 randomly located strips at 231 

the Djidji site not fallen in light gaps. Figure 1 shows the diversity of small and large 232 

saplings (Chao and Jost method, 80% coverage) at sites supporting contrasting elephant 233 

densities: high, low and none. Small sapling diversity showed a negative trend with 234 

elephant density (F = 2.07, p = 0.158, R2 = 0.341, df = 12), whereas large sapling 235 

diversity was strongly negatively associated with elephant density (F = 6.77, R2 = 0.629, 236 

p = 0.006, df = 12).  237 

 238 

Level ground vs. slopes 239 

Under the assumption that foraging elephants avoid slopes, we compared the diversity of 240 

trees and saplings on level sites with adjacent slopes. Since small trees <20 cm dbh are 241 

unexpectedly scarce in Gabonese forests (Terborgh et al. Ecographia, in press), we 242 

examined these separately from larger trees ≥20 cm dbh. The diversity of small trees 243 

(Fisher’s alpha) was higher on slopes than at paired, level sites (z-test, two-tailed = -244 

0.269, p = 0.018) but there was no difference in the diversity of larger trees ≥20 cm dbh 245 

on slopes (z-test, two-tailed = 0.375, p = 0.708). However, linear regression failed to 246 

uncover a discernable relation between degree of slope and Fisher’s alpha, either for 247 

small or large trees (p ≥0.75 in both instances).  248 
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As described in Methods, forest elephants break saplings in the diameter range of 2 – 249 

6 cm dbh to strip them of foliage. If, indeed, foraging elephants avoid slopes, one could 250 

expect to find fewer scarred saplings on slopes (Table 3, Figure 2). The number of breaks 251 

per 100 stems ≥2, <6 cm dbh was indeed greater for level sites than for slopes (107 vs. 252 

77: mean values for all sites combined), but the small number of sites and high 253 

variablility precluded statistical significance of the difference. To control for breaks not 254 

caused by elephants, we assessed breaks in Peru’s Manu National Park where we 255 

recorded 34.4 breaks/100 stems.  256 

To reveal the height-specific pattern of breaks putatively caused by elephants, we 257 

subtracted from the data sets for level and slope sites a proportion of breaks equivalent to 258 

34.4 breaks/100 stems, pro-rated by height class (0.1 – 1 m, 1.1 – 2.0 m, etc.). The 259 

residual break distribution is shown in Fig. 3. Most presumptively elephant-caused breaks 260 

are in the height range of ≥1 and <3 m, whereas background breaks are more evenly 261 

distributed with respect to height (not shown). The incidence of multiple breaks was 262 

greater at sites with elephants (mean 0.23, N=7 vs. 0.03) in elephant-free Peru. 263 

Finally, we tested the hypothesis that elephants would be more likely to strip lianas at 264 

level sites than on slopes. The data on liana loads were highly variable and appeared to be 265 

more related to site than to slope (Table 4).  266 

 267 

Discussion 268 

Megaherbivores as filters of tree recruitment 269 

To investigate the impacts of elephants (and possibly other large mammals) on the 270 

structure and composition of forests in Gabon, Central Africa, we examined four relevant 271 
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hypotheses: 1) that sapling densities and diversities are inversely related to elephant 272 

density, 2) that slopes act as elephant refugia and consequently as safe havens for tree 273 

species intolerant of elephant foraging, 3) that saplings are more frequently broken on 274 

level than on sloped sites, and 4) that trees growing on slopes support heavier liana loads 275 

than those on level ground. We collected the required data at 6 sites in Gabon (five in 276 

formal protected areas) encompassing the major physiographic regions of the country, 277 

and one in Perú.  278 

Saplings are heavily utilized as forage by forest elephants, as suggested by a strong 279 

negative relationship between estimated elephant density and the density of small (≥1 m 280 

tall, <1 cm dbh) saplings. Large saplings showed a similar but non-significant trend. 281 

Conversely, the diversity of large saplings was sharply reduced at sites supporting high 282 

elephant densities, whereas small saplings showed a similar but non-significant trend. 283 

These results are driven in part by the Mondah site at which the diversity of both 284 

small and large saplings was much higher than elsewhere. Mondah has lacked elephants 285 

for 30-40 years. Does the increased sapling diversity there represent release from 286 

elephant foraging? The inference is tempting, but Mondah receives higher rainfall (2600 287 

mm) than the other sites. Greater sapling diversity could be a response to high rainfall, 288 

but if so, one would also expect high diversity in the tree stand, but tree diversity at 289 

Mondah is lower than at all other sites except elephant-impacted Lope.  290 

Where elephant foraging has been studied in savanna environments, preferences for 291 

plant species have been related to early successional status and nutrient content (Höft and 292 

Höft 1995, Holdo 2003, respectively). It seems highly likely that forest elephants are also 293 

selective foragers, but selectivity could not be determined in our context because the stem 294 



 13 

break evaluations pertained only to stems that subsequently recovered from elephant 295 

foraging. To determine selectivity, it would be necessary to know which stems died as 296 

well.  297 

One can wonder whether elephants are responsible for the results for both small and 298 

large saplings. Elephants do break small saplings <1 cm dbh, but also strip them of leaves 299 

while they remain rooted (JT, personal observations). There is also the real possibility 300 

that other forest-dwelling herbivores, such as brush-tailed porcupines, duikers, red-river 301 

hogs, mandrills and gorillas, browse seedlings and small saplings, thereby exerting an 302 

additional filter on tree recruitment (Belsky 1984, McLean et al. 2011, Clark et al. 2012, 303 

O’Kane et al. 2012). For example, Ickes et al. (2003) reported frequent stem snapping by 304 

pigs (Sus scrofa) in the 50-ha plot at Pasoh in Malaysia. Our impression was that non-305 

elephant browsers were most common in the localities that supported high elephant 306 

densities, confounding any clear separation of their respective effects. Once saplings 307 

exceed 1 cm dbh (mostly at a height of 2-3 m), they hold their foliage above the foraging 308 

height of smaller folivores, so elephants become the main if not exclusive perpetrators of 309 

foraging-related damage. In any case, it seems clear that mammalian browsers impose 310 

potentially strong filters on tree recruitment in the African forest, damaging or killing 311 

seedlings and saplings until they attain escape size at a stem diameter around 5 cm dbh 312 

(Clark et al. 2012).  313 

To better understand the filtering process imposed by browsers on seedlings and 314 

saplings it would be necessary to follow cohorts through time, recording incidents of 315 

browsing damage and whether the plants subsequently died or recovered. In the absence 316 
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of such data, one sees only one side of the picture – the plants that lived. The plants that 317 

die subsequent to foraging damage have an important but unknown story to tell.  318 

 319 

Slopes as elephant refugia 320 

When we initiated this research we imagined that steep slopes would serve as refugia 321 

from elephant foraging (e. g., Wall et al. 2006), but we soon learned that this assumption 322 

was overoptimistic. In fact, forest elephants go almost everywhere, but there is a 323 

difference in how they move on level ground and on slopes. On level ground they create 324 

a close-spaced grid of major and minor trails that gives them access to all points in a 325 

forest. But on slopes, they move along contours on one-dimensional tracks. Except in the 326 

steepest places (≥ ca 30 deg.), they create parallel paths every few vertical meters so that 327 

they have access to nearly all the vegetation. Of the five slope sites we sampled, only the 328 

steepest (Lope II, 36.3 deg.) lacked obvious evidence of elephant use. There was only one 329 

place in the area sampled where an elephant trail traversed the slope. Nevertheless, there 330 

were numerous trails of smaller animals, (duikers (Cephalophus spp.) and red river hogs 331 

(Potamochoerus porcus), that tended to follow contours. 332 

The extent to which the filtering of early-stage woody plants by mammalian folivores 333 

is limiting tree diversity in the African forest remains an open question for future 334 

research. If steep slopes had proven to limit access of at least some portion of the folivore 335 

guild, higher tree diversity on slopes vs. adjacent level ground might be expected, as 336 

found elsewhere in Gabon by Dauby et al. (2013). We did indeed find such an effect, but 337 

it was limited to small trees ≥10, <20 cm dbh, a size class that is anomalously undiverse 338 

in Gabonese forests (Terborgh et al. Ecographia in press). Larger trees proved equally 339 
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diverse on slopes and level ground. Given that elephants were clearly using all the slope 340 

sites except Lope II, the higher diversity of small trees on slopes is noteworthy.    341 

To assess the intensity of elephant foraging on level ground vs. slopes, we evaluated 342 

saplings ≥2 cm dbh and <6 cm dbh for evidence of past breaks. The highest incidence of 343 

breaks was found, as expected, at sites on level ground (mean = 107 vs. 77 breaks per 100 344 

stems on slopes), although high site-to-site variability precluded statistical significance.  345 

Several mechanisms can result in stem breakage (Paciorek et al. 2000). Thus, to 346 

estimate the incidence of breakage attributable to elephants, we subtracted a number of 347 

the breaks corresponding to the incidence of sapling stem breaks in an Amazonian forest 348 

lacking megaherbivores. The residual incidence of breaks, those presumptively 349 

attributable to elephant foraging, was 71/100 stems for level sites and 43/100 stems on 350 

slopes. These values comprised 71% and 61% of the breaks recorded at level and slope 351 

sites, respectively. Thus, a substantial majority of the break scars found on saplings in 352 

Gabonese forests can be attributed to elephants, further supporting the notion that 353 

elephants exert a powerful filtering effect on tree recruitment. 354 

The presence of lianas was highly variable at both level and slope sites, suggesting 355 

that liana development may be more influenced by disturbance than by herbivory.   356 

Evidence of elephant foraging is ubiquitous in African evergreen forests and even 357 

quite steep slopes (up to ~30 deg) do not escape. Few, if any, tree species are fully 358 

immune to browsing-related damage (data not presented). What this means for tree 359 

recruitment is unclear because the incidence of mortality resulting from foraging damage 360 

is not known for any species. At the highest elephant densities (up to 2-3/km2 in Lope 361 

NP; White 1994) sapling densities and diversities were conspicuously low. At one 362 
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heavily foraged site, for example, 70% of the large saplings present were of a single 363 

species, Diospyros dendo. Such high levels of dominance are essentially unknown in 364 

mixed tropical forests lacking megafauna.  365 

 366 

Paradox of canopy diversity 367 

This point brings us to a paradox. In Amazonia, small stem size classes are highly 368 

diverse, equal to or more diverse than larger trees (Terborgh et al.  369 

Ecographia in press). But in the Gabonese forests we sampled, it was the other way 370 

around: saplings and small trees were less diverse than large canopy trees. How is this 371 

possible? Many species regularly present in the Gabonese canopy were not found in 372 

sapling cohorts, even though we identified >3,000 saplings.  373 

The scarcity of many canopy species in the advance regeneration suggests that these 374 

species recruit via escape in space and time by growing quickly through the size range of 375 

vulnerability to breakage, most likely in large gaps. In contrast, saplings growing under 376 

the canopy are compelled to develop slowly and are therefore exposed to foraging 377 

damage over long periods. Survival in the understory requires either tolerance to 378 

breakage or properties such as unpalatability or hardness that deter elephant foraging. A 379 

mean break rate of 107/100 stems at level sites suggests that few stems escape breakage. 380 

Although the ultimate effects of such high rates of stem breakage remain to be 381 

investigated, low numbers and diversity of shade-tolerant understory trees would be 382 

consistent with strong herbivore-mediated filtering.  383 

 384 

Elephant-free forests? 385 
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Elephants are being poached at alarming rates over much of Africa and parks are 386 

particularly being targeted because they support high elephant densities (Christy 2012). 387 

What will be the impact on the African forest if elephants and other large browsers are 388 

depleted (Hawthorne and Parren 2000, Johnson 2009, Corlett 2010)? In addition to their 389 

role as selective tree destroyers, elephants are also important seed dispersers, mediating 390 

long-distance transport of the seeds of scores of tree species (White et al. 1993, Blake et 391 

al. 2009, Campos-Arceiz and Blake 2011). How the lack of these two important but 392 

contrasting roles would play out in elephant-free forests is unknown at present, but major 393 

changes in the relative abundances of tree species seem likely (Terborgh 2013). 394 

Clearly, much remains to be learned. The impacts of elephant foraging are not 395 

obvious in Central African forests because they are ubiquitous. Exclosures that admit 396 

some species of herbivores and not others could shed new light on the filtering process 397 

and the regulation of species composition (LaFrankie et al. 2006, Lagendijk et al. 2011, 398 

Sankaran et al. 2013). We view this report as the opening chapter in what we hope will 399 

become a sustained effort to understand the implications of megafauna for forest structure 400 

and diversity while naturally regulated elephant populations, such as those of Ivindo and 401 

Lope National Parks, remain available for study on this beleaguered planet. 402 
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Figure Legends 603 

Figure 1. Diversity of small and large saplings (Chao and Jost method at 604 

80% coverage) at sites in Gabon supporting contrasting elephant densities: 605 

high (H), low (L) and none (N). Error bars represent 95% confidence limits 606 

of the estimates. 607 

Figure 2. Number of breaks per 100 stems ≥2, <6 cm dbh (±SD) at level 608 

sites, slope sites and elephant-free sites (Mondah, Casa Machi – no 609 

replicates).  610 

Figure 3. Height distribution of excess stem breaks at level and slope sites 611 

after removal of background breaks attributable to causes other than 612 

elephant foraging (34.4 breaks/100 stems, pro-rated by height, based on 613 

breaks at Casa Machi, Perú).    614 
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