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Abstract

Although gorillas rarely use tools in the wild, their manipulative skills during plant processing
may be similar to those of other tool-using great apes. Virunga mountain gorillas are known
for the complexity in their methods of thistle and nettle plant preparation in the wild.
However, there has been no comparable data on food processing in the population of
mountain gorillas from the Bwindi Impenetrable National Park, Uganda. We investigated the
manual actions and hand grips used when accessing edible parts of two hard-to-process
plants defended by stinging hairs, epidermis or periderm (i.e., peel of Urera hypselodendron
and pith of Mimulopsis arborescens) and one undefended plant (i.e., leaves of Momordica
foetida) in 11 Bwindi wild mountain gorillas (Gorilla beringei beringei) using video records ad
libitum. Similar to thistle feeding by Virunga gorillas, Bwindi gorillas used the greatest
number of manual actions for the most hard-to-process plant (U. hypselodendron), the
actions were ordered in several key stages and organised hierarchically. The demands of
processing plant material elicited 19 different grips and variable thumb postures, of which
three grips were new and 16 grips have either been previously reported or show clear
similarities to grips used by other wild and captive African apes and humans. Moreover, our
study only partly supports a functional link between diet and hand morphology in mountain
gorillas and suggests that the gorilla hand is best adapted to forceful grasping that is

required for both manipulation and arboreal locomotion.

Key words: feeding skill - dexterity - great ape - gorillas - manipulative behaviour -

precision grip - thumb



Introduction

Although gorillas rarely use tools in the wild (Breuer, Ndoundou-Hockemba, Fishlock, 2005;
Grueter, Robbins, Ndagijimana et al., 2013; Kinani & Zimmerman, 2015), they eat foods that
require complex processing and thus arguably require enhanced manipulative skills similar
to those of other great apes that more commonly use tools (e.g., chimpanzees). The work of
Byrne and colleagues (e.g., Byrne & Byrne, 1991, 1993; Byrne, 1994; Byrne, Corp, Byrne,
2001a; 2001b) in the Virunga Mountains, Rwanda, was the first to highlight the complex
methods of plant preparation used by wild mountain gorillas. Some of the main herbaceous
foods in the Virguna mountain gorilla diet (e.g., thistle leaves and stems, nettle leaves)
involve the need to first remove the physical defences as well as indigestible parts of the
plants such as stings, spines, minute hooks and hard casings (Byrne & Byrne, 1991). Thus,
these foods require a hierarchy of multi-stage processes of manual preparation before they
can be eaten. It has long been hypothesised that complex behaviour typically is
hierarchically organised, which is made up of regular sequences of actions that include
relational combinations, is used repeatedly and occurs under voluntary control (Lashley,
1951; Dawkins, 1976). If an animal’'s behaviour is hierarchically structured, as has been
argued for great apes (Byrne, 1993; Byrne & Russon, 1998), then the number of levels in the
hierarchy could be counted (Byrne, Corp, Byrne, 2001a). The hierarchical organisation of
mountain gorilla food processing is complex because it involves several functionally distinct
hand actions ordered from the start to the end, different types of hand grips, and digit role
differentiation (Byrne & Byrne, 1993; Byrne, Corp, Byrne, 2001a; 2001b; Byrne, 2003).
Processing leaves of the thistle Carduus by Virunga mountain gorillas is considered the most
complex task, involving the greatest hierarchical organisation of all the plants eaten to
overcome the thistle’s physical defences (Byrne, Corp, Byrne, 2001a). However, we do not
know whether plant foods with other types of strong physical defences, such as woody
stems, require a similar level of processing complexity to that of thistle-stemmed plants, and
there are no comparable data on any type of food processing in the other population of wild
mountain gorillas, those of the Bwindi Impenetrable National Park, Uganda. Furthermore, a
thorough investigation of the hand grips used during food processing has not been done for
any gorilla population. Thus, here we investigate the processing steps (i.e., manual actions)
and hand grips used by Bwindi mountain gorillas when eating three plant foods: two with
physical defences, Urera hypselodendron with stinging hairs on the edible peel of the hard or
soft tissue stems (i.e., epidermis), and Mimulopsis arborescens with a bark (i.e., periderm)
as a barrier that gorillas need to go through to access the pith, and one without a physical

defence, i.e. the leaves of Momordica foetida.
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The Bwindi mountain gorillas live in a lower altitude (2100-2600 m; Robbins & McNeilage,
2003), with a higher mean annual temperature and greater plant diversity (Butynski, 1984)
compared to the mountain gorillas of the Karisoke Research Center in the Virunga
Volcanoes. Thus, the diet of Bwindi mountain gorillas differs greatly that of Virunga mountain
gorillas, with more and different species of both arboreal fruits and terrestrial herbaceous
vegetation (Watts, 1984; McNeilage, 2001; Ganas, Robbins, Nkurunungi et al., 2004; Ganas,
Ortmann, Robbins; 2009; Wright, Grueter, Seiler et al., 2015). The Bwindi gorillas consume
a range of fibrous foods, including vines and stems defended by herbaceous or woody
casings, as well as leaves that lack physical defences (Ganas, Robbins, Nkurunungi et al.,
2004; Ganas, Ortmann, Robbins; 2009). They also consume several plant parts (i.e., leaves,
pith, peel or bark) of various abundant plant species but eat thistle (Carduus nyassanus)
only about once a month on average (Ganas, Robbins, Nkurunungi et al., 2004; Robbins,
Nkurunungi, McNeilage, 2006). This is in contrast to Virunga gorillas that frequently
consume leaves (22.1%; Watts, 1984) and stems (9.4%; Watts, 1984) of the highly abundant
thistle Carduus nyassanus in the high altitude of the areas surrounding the Karisoke
Research Center (e.g., Watts, 1984; McNeilage, 2001). This ecological variation between
Bwindi and the Virunga mountains leads to different adaptive foraging strategies between
both mountain gorilla populations, which may reveal differences in the complexity of their
food-processing behaviour.

Alongside tool-use, herbaceous food processing presents a good model of studying the
demands of object manipulation on the non-human primate hand, and on the gorilla hand in
particular. The range of manipulative actions used to procure and process available foods
has been shown to elicit different grip patterns and hand movements in Virunga mountain
gorillas, as well as in Mahale chimpanzees (e.g., Byrne, Corp, Byrne, 2001b; Marzke,
Marchant, McGrew et al., 2015). However, only six hand grips were described for gorilla
thistle preparation based on broad grip categories and the number of digits involved (e.g.,
scissor precision grip, hook and power grips; Byrne, Corp, Byrne, 2001b), which do not
provide the detail needed for a comparative functional analysis of gorilla manipulation to that
of other apes (including humans). To better understand what the hands of gorillas can do
when they manipulate an object, systematic study of the repertoire of grips and hand
movements as well as the role of each hand and their possible complementary roles are
needed (e.g., Byrne, Corp, Byrne, 2001b; Marzke, Marchant, McGrew et al., 2015; Heldstab,
Kosonen, Koski et al., 2016). Thus, the present study provides a detailed description of the
areas of contact within the gorilla hand and quantifies the relative frequency of grips used
during the manipulation of three different plant foods. Processing plant materials to access

edible parts may provide substantial challenges, as the hand has to adjust to varying sizes,
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shapes and toughness, including physical defences (i.e., stinging hairs, epidermis,
periderm), and accommodate loadings exerted on the hand during retrieval and processing.
Furthermore, Marzke (2006) suggested that potential stresses associated with forceful
retrieval and processing of tough vegetation and fauna may have been a factor in the
evolution of features in hominin hands that were preadapted to the requirements of forceful
precision grips in tool making.

Additionally, data on how apes use their thumb during food processing are rare and, to our
knowledge, exist only for Mahale chimpanzees (Marzke, Marchant, McGrew et al., 2015).
This research will fill the gap by examining how gorillas use their thumb when manipulating

plant foods.

The aim of this study is to provide the first insights into the behavioural complexity and
manual skills of Bwindi mountain gorillas during the processing of three different plants; two
woody-stemmed plants (Urera hypselodendron, Mimulopsis arborescens) for which the food
is more challenging to access in comparison to leaves (Momordica foetida), which are
relatively simple to process because they lack physical defences. First, we predict that plants
with physical defences (i.e., stems with stinging hairs, epidermis or periderm) require a
higher number of manual actions and thus, are more complex to process than undefended
plants (i.e., leaves). Second, we predict that defended plants would elicit a greater number of
hand grips as they require more manual actions than undefended plants.

Materials and Methods

Study site and data collection

Mountain gorillas (Gorilla beringei beringei) were observed in the Bwindi Impenetrable
National Park (331 km?). Data were collected on 11 individuals of one fully habituated group
of gorillas (Kyagurilo) between February and March, 2015 (see Table 1). The subjects
included seven adult females and four males, which included one subadult (6-8 years), one
blackback (8-12 years) and two silverbacks (= 12 years) (Czekala & Robbins, 2001;
Robbins, 2001). The mountain gorillas were observed for an average of 4 hours/day, and a
minimum of 7 m had to be maintained between the gorillas and the observer to reduce the
risk of disease transmission. High-definition video was filmed ad libitum at a frequency of 50
Hz (HDR-CX240E, Sony, Japan). All processing sequences were recorded at relatively close
range (7 m to ~20 m) and from multiple angles (i.e., frontal, lateral, back-view) during plant
processing. Focal samples, periods in which specified information is collected from only one

individual at a time (Altmann, 1974), were used to collect data from all individuals.



Plant foods

The three plant foods studied here were plant species that are a common part of the Bwindi
mountain gorilla’s diet (e.g., Ganas, Robbins, Nkurunungi et al., 2004; Ganas, Ortmann,
Robbins; 2009). The plant parts consumed are fibrous foods, including (1) the peel
(epidermis of an herb’s stem) of the soft wooded liana Urera hypselodendron, (2) the pith of
the woody tissue stem of Mimulopsis arborescens, and (3) the leaves of the climbing vine

Momordica foetida.

Data analysis

We compared the processing techniques of Bwindi gorillas to what is known of processing
the strongly-defended Carduus thistle in Virunga mountain gorillas. We referred to the
ordered sequence of discrete behavioural elements (Byrne & Byrne, 1993) as “manual

actions” performed by one individual.

Manual actions of plant-processing

Gorillas often accumulate edible items by the handful and eat then all at once, and thus the
basic unit for the quantitative analyses was the ‘handful’, following Byrne & Byrne (1991).
Usually, gorillas process and eat several handfuls of a food type one after the other, before
switching to a new food, or stopping feeding. Food processing behaviour for any given
individual was divided into ‘sessions’ and ‘bouts’. A ‘session’ was defined as a period in
which one individual was engaged in food-processing. A session was terminated when the
individual stopped feeding and walked away, and/or started a new behaviour. A session was
generally composed of multiple bouts. A ‘bout’ was defined as a period of feeding on a
single food type for 10 seconds or more, without interruption, and can include many separate
handfuls of the same food object. A bout was considered terminated if there was a change of
plant type (e.g., change from stem to leave eating) or when food preparation was interrupted
by another behaviour. A bout was composed of multiple isolated acts of manual actions of
plant processing that are required to resolve particular problems of a task and could involve
repetitions of the same action until each stage of processing was completed. These ‘manual
actions’ are described in terms of the grip, posture and/or movement, and they can be
either manipulative (i.e., moving or processing the object) or ‘supportive’ (i.e., stabilising the
object). Following Byrne and colleagues (2001a), actions were scored in two ways: (1)
‘functionally-similar’ when the result achieved was the same, even when the manipulative
movement was different (‘picking off as a variant of ‘stripping up’ leaves) and (2)
‘functionally-distinct’ when the resulting changes were different (e.qg., ‘stripping up’ leaves
versus ‘brush-off debris ). Among these actions, there are ‘obligate-actions’ that are

required to resolve a task and consistently used across all studied individuals, and
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‘optional-actions’ that are more variably used across individuals. To analyse the frequency
of distinct manual actions per plant, functionally-similar actions were pooled into a single
functional-distinct action category if they effected the same result (yank stem was pooled
into pulling; rotate-push was pooled into break-off; spaghetti-feed was pooled into sausage-
feed, see Table 2), following Byrne and colleagues (2001a). The frequency of each action
was first tallied across the number of bouts for each individual to examine the individual
frequency. Then a total mean frequency was calculated across all individuals for each
action. Only those manual actions used with more than 25% frequency across all individuals

were considered frequent enough to be retained for statistical analysis.

Each session of processing comprised several manual actions that mountain gorillas use in
the same ordered and coordinated manner (e.g., Byrne & Byrne, 1993). The order of
different manual actions can be organised into stages, which follow a structural logic since
each stage is dependent on the last one. We describe these processing stages as ‘key
stages’ following Byrne and Byrne (1993). Several different key stages must be sequenced
during processing, some of which may be iterated to build up larger amounts of food and
thus are ‘hierarchically organized’ to function as subroutines (see for hierarchical

organisation in Byrne & Byrne, 1993; Byrne et al., 2001a; Byrne & Russon, 1998).

Hand grips during plant-processing

For each individual, grips and movements were identified within a manual action of
processing. For all three plants, a bout often involved repetitions of the same manual action
with the same grip, and changes in grips occurred only rarely across repeated hand actions
(i.e., 13 grip changes across 1954 hand actions). Thus, only the first grip was recorded
during the first occurrence of a hand action to maintain data point independence required for
statistical analyses. Hand grips were classified as (1) precision grips, (2) power (palm)
grips, (3) hook grips and (4) compound grips following previous studies that have
identified these grips in both the wild and captivity (e.g., Napier, 1956; Marzke & Wullstein,
1996; Macfarlane & Graziano, 2009; Pouydebat, Reghem, Borel, 2011; Marzke, Marchant,
McGrew et al., 2015, Bardo, Comette, Borel et al., 2017). Grip frequency was calculated in
two ways: (1) by tallying the number of grip responses with the number of elements per
individual to examine the individual frequency for each plant type, and (2) by calculating the
total mean percentage from the individual frequencies per hand grip for each plant type. We
further examined the frequency of grips relative to elements, to investigate the relationship
between a particular grip and the hand action used across the three plant foods.



Statistical analysis

The data on manual actions of plant-processing did not meet the normality and homogeneity
assumptions for parametric tests. Thus, Mann-Whitney U-tests were performed to compare
individuals (i.e., sex classes) in their number of functionally-distinct actions used to process
each plant. This analysis provides further insight into the potential variability of particular
manual actions across different plants. The overall sample size was relatively small and
thus, results of this statistical analysis should be interpreted with caution. The comparison of
grip use relative to plant food among individuals was assessed using Friedman rank sum
tests (Q). If results were significant, pairwise comparisons were performed using the
Wilcoxon sighed rank test (Z) with continuity correction. Each individual only contributed one

data point to ensure independence of data points.



Table 1: Summary of data for each gorilla individual.

Plant species Individual  Sex/Age Total no. of Total no. Total no. of No. of
ID sessions of bouts hand actions  functionally-
distinct hand

actions

ST female/adult 8 23 72 8

TN female/adult 1 3 9 4

MG female/adult 1 4 25 6

RC male/silverback 13 24 157 7

HP male/subadult 2 2 9 5




Mimulopsis

arborescens
JN female/adult 2 6 37 5

(consuming pith)

KR female/adult 6 18 119 7

T™W female/adult 3 5 42 5

BY female/adult 4 13 41 5

MK male/silverback 4 9 55 6

KA male/blackback 2 7 23 5

TOTAL 44 103 613
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ST female/adult 2 7 25 5

TN female/adult 2 5 23 4

BY female/adult 9 26 117 5

HP male/subadult 3 18 103 5
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Results

We recorded 86 video sequences of stem-peel (Urera hypselodendron) processing and 45
sequences of stem-pith (Mimulopsis arborescens) processing in 11 individuals, and 45

sequences of leaf-processing (Mormodica foetida) in nine individuals.

Manual actions of plant-processing

Analysis of 345 bouts across 11 individuals revealed 19 manual actions for processing all
three plant materials, including 16 functionally-distinct actions and three functionally-similar
actions (Table 2). The functionally-distinct actions typically included obligate (i.e., used by
100% of individuals) and optional manipulative actions (Table 2). These actions happened

typically in an ordered and coordinated sequence of key-stages within a bout.

Stem-(peel)-processing (Urera hypselodendron) involved one obligate action and six
optional actions, which occurred in four key stages (Table 3). A Mann-Whitney U-test
revealed that female and male gorillas did not significantly differ in their number of
functionally-distinct actions (U=10, N=11, p=0.436). The average number of distinct actions
used by females was comparable to that used by males (range for females: 4-8 distinct

actions; range for males: 5-8) (Table 1).

Stem-(pith)-processing (Mimulopsis arborescens) involved two obligate actions and two
optional actions, which occurred in three key stages (Table 3). Females and males were not
significant different in their number of functionally-distinct actions (U=10.5, N=11, p=0.442).
Females performed on average a slightly lower number of different actions (range for
females: 5-7) as compared to males (range for males: 5-8) (Table 1).

Leaf-processing (Mormodica foetida) revealed one obligate action and three optional
actions, which together occurred in four key stages (Table 3). There was no significant
difference in the number of functionally-distinct actions (U=10, N=9; p=0.260) between
females (range for females: 4-5) and males (range males: 5) (Table 1).

Across the tested individuals for stem-(pith)-processing (N=11) and leaf-processing (N=9),
the total mean frequency for each action (i.e., >25% frequency across all individuals)
showed that both plant materials most frequently involved four functionally-distinct actions,

while stem-(peel)-processing (N=11) required six functionally-distinct actions (Table 3).
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Table 2: Manual actions used across all three plant foods. Functionally-distinct actions are highlighted in bold. Actions are labelled as optional* and as

obligate** (terminology equivalent and follows that of Byrne & Byrne, 1993; Byrne, Corp, Byrne, 2001a,b). Actions are labelled for stem-(peel)- @ stem-(pith)-

®) and leaf-processing' .

Manual action

Description

bite-off @

break-off
brush-off*®:©

accumulate @

knuckle-push™®

peel-back ®

pick-up @ ®

pick-off, pick-out ©

pulling™®-®
rotate-push

sausage-feed @

scrape-off

Use teeth to cut off portion of naturally attached or hand-supported object; hands resist pull of teeth.

Both hands pull stem away from teeth to break it apart; teeth resist pull of hands; same effect as rotate-
push.

Using flexed index and thumb crossed over (held in “C” shape) to gently brush along stem, midrib or bundle
in order to dislodge debris.

Accumulate food items in hand and move for feeding towards mouth. Typically used for handful of leaves.

Fist held as is in knuckle-walking to apply force to break naturally attached object, supported by opposite
hand.

One or both hands are used to pull stem away from teeth while teeth detach outer casing. Occasionally
opposite hand is used as support.

Pinch-grip used to lift stem from ground.

Pinch grip on small item that is pulled off an object held in other hand or picked out from among a mass of
items.

Holding a naturally attached object with one hand and pull into range, thus applying force to detach item;
same effect as yank.

Turn or twist long stem held in firm hand grip (e.g., power grip) and pushed against to break and detach
from its natural attachment, supported by opposite hand; same effect as break-off.

Repeated loosening grip and re-grasping lower down an approximately sausage-shaped food bundle, in
order to insert it into the mouth as a whole (without the bundle coming apart).

Incisor teeth are used to scrape off soft pith while object is supported with hand(s); hand(s) move up and
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down.

spaghetti-feed LI With peel held in mouth without use of the hands, lips used to feed in rest of its length — similar to eating

spaghetti; same effect as sausage-feed.

swap-hand™®

Transfer object or handful from one hand to other.

twist-off ¢ Holding a naturally attached object in one hand and twisting, thus applying force to detach object.
Occasionally used when picking off leaves.
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Table 3: Functionally-distinct actions of plant-processing that were most frequently used (i.e. >25 %

across all individuals) among the gorilla group (N=11). Obligate act(s) are labelled as**.

Plant part Sequence of actions Mean absolute Order of key stages
processed frequency (%)
stem-(peel)- pick up or pull stem 47 1. initial procurement of the plant
processing
brush-off leaves 29 2. remove unwanted parts with
bite off length 34
support of stem
peel-back outer casing 64 PP
tooth-strip peel** 100 3. gather stripes of peel into hand
insert into mouth i 4. insert edible peel into mouth
stem-(pith)- pick up stem 49 1. initial procurement of the plant
processing
break off length 63 2. remove unwanted parts with
snip-case: bite off hard case** 100 support of stem
scrape-off edible pith** 100 % earaie el i
leaf-processing pullinto range e 1. initial procurement of leaves
pick leaves 65 2. leaf detachment with support
accumulate handful of leaves 92 3. accumulation of items into hand
put handful into mouth** 100

4. insert leaf bundle into mouth

Hand grips during plant-processing

Analysis of the hand grips during plant processing found a total of 19 different hand grips

across the 19 actions of plant-processing (see Table 4). Bwindi mountain gorillas used eight

precision grips, six hook grips, three power grips and two compound grips. This study

revealed three hand grips (distal palm grip; interdigital 2/3 brace - pad-to-side; power - pad-

to-side; Table 4) that have not been previously reported in the literature and thus, are

considered to be novel.
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Grip use relative to plant food

700
600 —
% 500 l B compound grasping
2 400 m power (palm) grasping
-]
ué 300 » hook grasping
1)
2 200 = ;
g W precision grasping
Zz 100

0 —
peel pith leaf

Fig.1. Number of grip responses relative to plant food.

Stem-(peel)-processing (Urera hypselodendron) elicited 15 hand grips and showed a
significant preference within the group (Q=29.04, N=11, df=3, p <0.001), using significantly
more precision (Z=2.94, p=0.003) and hook (Z=2.94, p=0.003) grasping (Fig. 1) than power
grasping (Fig. 2). See Figure 3 for the typical sequence of processing and associated hand
grips used by all gorillas studied.

Grip relative to manual action for stem (peel) processing

200 compound grip: 12-38-PS
» diagonal power grip
180
1 distal palm grip
360 # extended transverse hook
140 ® transverse hook
120 ®interdigital 3/4 finger hook

Number of grip responses

W interdigital 2/3 finger hook
e  mindexhook
L _ m lateral tripod grasp
60 — ~ interdigital 3/4 brace (b)
a0 L m interdigital 3/4 brace (a)
” :I I I ®interdigital 2/3 brace
w two-jaw chuck pad-to-side grip

B thumb wrap (a)

pull into pickup  brush off bite offin peel-back stripoff putinto support

range stem leaves length  outer casing peel mouth v-pocket grip

Fig.2. Relative frequencies of grips across the most frequent manual actions for stem-(peel)-

processing.
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support manipulation

N

€ pick up or pull down stem

extended

transverse
hook

v
brush off leaves

A 4

transverse
hook

transverse
hook
4
finger hook strip off peel and eat |

v
yes
< = length finished?

extended
transverse
hook

transverse
hook

extended
transverse
hook

Y

bite off length

v
peel-back outer casing

v

Fig.3: Typical sequence of stem-(peel)-processing and associated hand grips used by all gorilla
individuals. Chart is divided into hand functions (manipulation versus. support). Optional actions are
highlighted in grey and the obligate action is highlighted in blue. The most frequent grip is indicated
with delicate lines and highlighted in light orange.

Stem-(pith)-processing (Mimulopsis arborescens) involved 12 hand grips with a significant
preference within the group (Q=26.32, N=11, df=3, p <0.001). Precision grasping was
significantly more often used than hook (Z=2.63, p=0.009) and compound grasping (Z=2.94,
p=0.003) (Figs. 1 and 4). Similarly, power grasping occurred significantly more often than
hook (Z=2.04, p=0.004) and compound grasping (Z=2.94, p=0.003). See Figure 5 for the

typical processing sequence and associated hand grips used by all gorilla individuals.
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Grip relative to manual action for stem (pith) processing

200
— compound grip: PW-PS
180 - compound grip: 12-38-PS
g 160 1 . W power grip
§ diagonal power gri
s 140 - g P grip
@ I distal palm grip
;' 120 -+ ¥ S g : L
= ® extended transverse hook
5 100 7 ] transverse hook
% 80 - - m lateral tripod grasp
5 60 ! ® two-jaw chuck pad-to-pad grip
\ interdigital 3/4 brace (b)
40 -
HHM ® interdigital 3/4 brace (a)
20 + m interdigital 2/3 brace
- N
0 4 = == _— _— _— two-jaw chuck pad-to-side grip
pick up stem break off in bite off hard  eat exposed support
length case pith

Fig.4: Relative frequencies of grips across the most frequent manual actions for stem-(pith)-

processing.

support manipulation

|
A

pull up/off stem

distal palm
grip

£

Y

break off length

distal palm
grip

Y

distal palm,
pad-to-side,
interdigital
2/3 brace

y
bite off hard case  |——

l yes

pith partly exposed? v

interdigital
2/3 brace

pad-to-side,

J no
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< rotate stem 2/3 brace,
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Fig.5: Typical sequence of stem-(pith)-processing and associated hand grips used by all gorilla
individuals. Chart is divided into hand functions (manipulation versus. support). Optional actions are
highlighted in grey and obligate actions are highlighted in blue. The most frequent grip is indicated
with delicate lines and highlighted in light orange.
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Leaf-processing (Mormodica foetida) elicited 14 hand grips and showed a significant
preference within the group (Q=23.53, N=9, df=3, p <0.001), with precision grasping being
significantly more often used than hook (Z=2.55, p=0.011), power (Z=2.67, p=0.008), and
compound (Z=2.67, p=0.008) grasping (Figs. 1 and 6). See Figure 7 for the typical sequence

of processing and associated hand grips used by all subjects.

Grip relative to manual action for leaf-processing
200 - ® power grip
180 - diagonal hook

m extended transverse hook
160 -
transverse hook

140 - i W interdigital 2/3 finger hook

120 + ® finger hook

[l
100 - .

s 444444 I . « interdigital 3/4 brace (b)
i . ....... | ' ® interdigital 3/4 brace (a)

® lateral tripod grasp

Number of grip responses

W interdigital 2/3 brace
| scissor hold
1 two-jaw chuck pad-to-side grip
thumb wrap (b)

20 +

pull into range pick bunch of accumulate in  put into mouth support
leaves hand

W thumb wrap (a)

Fig.6: Relative frequencies of grips across the most frequent manual actions for leaf-processing.
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