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Giraffe mother–calf relationships in the miombo woodland  
of Katavi National Park, Tanzania

Miho Saito* and Gen’ichi Idani
Wildlife Research Center, Kyoto University, 2-24 Tanaka-Sekiden-cho, Sakyo, Kyoto 606-8203, Japan

Abstract. Both predator pressure and habitat type influence mother–offspring relationship. Giraffe’s 
herd size and herd composition can be influenced by these two environmental factors. We sought to 
uncover whether predator pressure and habitat type also have an impact on giraffe mother–calf proximity 
and time spent together. We studied giraffe mother–calf relationships to compare mother–calf dyadic 
relationships in dense woodland with those reported in open woodlands. We collected data from three 
calves (within the first six months after birth) and their mothers at the miombo woodland of Katavi 
National Park, Tanzania. We observed the mother giraffe leaving or staying with her calf and recorded 
the initiation and termination of each of these behaviors. We found that the duration of both states was 
rarely more than 1 h. We never observed a mother leaving her calf for more than 1.5 h, as has been 
reported in open woodlands. We found that in calf–calf dyads, giraffe were more likely to maintain 
closer proximity to one another than in female–calf dyads. Our results suggest that the flexibility 
recorded in mother–calf social relationships is influenced by both social and ecological factors, differing 
to some extent in tree density, food preference during nursing, and predators’ prey preference.

Key words: crèche, Giraffa camelopardalis tippelskirchi, nursery group, tree density.

Behaviors related to anti-predator strategies, such as 
increased vigilance or aggressiveness (Pulliam 1973; 
White and Berger 2001; Lingle et al. 2005; Lung and 
Childress 2006), group formation (Roberts 1996), and use 
of an area in which the terrain prevents predators from 
easily following their prey (Lingle 2002), have been 
 studied in many mammalian species. In general, a calf 
is more vulnerable than an adult because of its small size 
and weakness (Lent 1974; Borner et al. 1987; Gunther 
and Renkin 1990; Lingle et al. 2005). Therefore, specific 
anti-predator strategies have evolved in mother–offspring 
pairs to prevent preying of calves. Among ungulate spe-
cies, two strategies are common: following and hiding 
(Jungius 1970; Lent 1974). A follower calf, such as the 
wildebeest (Connochaetes taurinus), the Cape buffalo 
(Syncerus caffer), or the plains zebra (Equus quagga), 
begins to follow its mother several hours after birth (Lent 
1974; Ralls et al. 1986). On the other hand, a hider calf, 
such as the sable antelope (Hippotragus niger), the water-
buck (Kobus ellipsiprymnus), or the impala (Aepyceros 
melampus), remains hidden in the bush while its mother 

leaves it to feed or drink (Jungius 1970; Hnida 1985).
Both predator pressure and habitat type influence a 

suite of behaviors, including mother–offspring relation-
ships, throughout the course of development (Lagory 
1986, 1987; Lombardi et al. 2003; Costelloe and 
Rubenstein 2015). Previous studies of giraffe (Giraffa 
camelopardalis) mother–calf relationships were mainly 
conducted in open areas in Acacia savanna woodlands 
(Langman 1977; Pratt and Anderson 1979). In east Africa, 
giraffe are also distributed in miombo woodlands, which 
are deciduous forests (Pellew 1984a, 1984b; Caro 1999). 
There are several differences between Acacia savanna 
woodlands and miombo woodlands in terms of the fol-
lowing parameters: (i) tree density—the nearest neigh-
bor distance for trees was greater than 10 m in Acacia 
savanna woodlands, but less than 3 m in miombo wood-
lands in a southern African study (Smith and Goodman 
1987); (ii) vegetation—in Acacia savanna woodlands, 
bushes and shrubs are poorly represented, but a grass 
 stratum (vegetation height: 0.5–1.5 m) exists, whereas in 
miombo woodlands, bushes (vegetation height: less than 
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3 m) are common (White 1983). A mother giraffe’s 
behavior may differ between the two types of woodland 
on the basis of the differences in tree density. To draw a 
potential parallel, in the moose (Alces alces), it has been 
suggested that the quality of forage and cover for hiding 
might be important criteria in the selection of calving 
areas (Altmann 1958; Bowyer et al. 1999). However, 
how the quality of forage and cover for hiding influences 
giraffe mother–calf relationships in different habitats 
remains unclear.

Giraffe live in fission–fusion social systems, in which 
herd size and membership change frequently (Bercovitch 
and Berry 2013; Carter et al. 2013). For the first few 
months after birth, calves adopt hiding strategy to avoid 
predators (Langman 1977; Fisher et al. 2002). The calves 
also benefit from resting, which helps conserve energy 
and water (Langman 1977; Saito and Idani 2016). It has 
been reported that several weeks after birth, all mother–
calf pairs join a herd comprising several mother–calf 
pairs (Langman 1977; Pratt and Anderson 1979). Such 
herds in which calves and their mothers move or browse 
together are called nursery groups (also called nursery 
herds by Langman [1977]) (Leuthold 1979; Dagg 2014). 
However, the mother does not remain with her calf all 
day. She leaves her calf when she wanders on her own in 
search of food or water. While the mothers move away, 
calves remain together; sometimes, one adult female 
remains with the calves as a guardian (Langman 1977; 
Pratt and Anderson 1979). Reports indicate that  
mothers returned to nurse their calves after several hours 
(Langman 1977; Pratt and Anderson 1979). Such a herd 
in which the number of adult females is less than that of 
calves is called a crèche (or calving pool, according to 
Langman [1977]) (Moss 1976; Dagg 2014). Forming a 
crèche allows the mother to decrease her offspring’s risk 
of falling prey to predators by sharing calf care responsi-
bilities with other mother giraffe while she browses in 
distant locations (Langman 1977; Saito and Idani 2016). 
The mother giraffe can thus concentrate on browsing 
without distraction.

Other large ungulates, such as the African elephants 
(Loxodonta africana) and the Cape buffalo (Syncerus 
caffer), are known to bunch together into a defensive for-
mation when facing danger (Wasser 1983). This forma-
tion functions to protect the younger members of the herd 
by forcing them into the center, where they are surrounded 
by adults. Additionally, the bison (Bison bison) calves are 
known to prefer to stay in the middle of the herd rather 
than in the peripheral areas in both stationary and moving 

herds (Carbyn and Trottier 1987). Giraffe calves in open 
woodlands are known to stay close to one another, 
whereas the adult females range more widely (Pratt and 
Anderson 1979). However, it is not known whether giraffe 
living in other environments share this trait or adopt a 
different strategy to reduce the risk of  predation on calves.

In this study, in order to compare giraffe mother–calf 
relationships in dense woodland with those reported in 
open woodlands, we examined the duration of time that 
mothers and calves spent together and apart and the dis-
tance between female–calf dyads and calf–calf dyads in a 
dense woodland.

Materials and methods

Study area
Katavi National Park is situated in western Tanzania 

and covers an area of 4471 km2. The field study was con-
ducted mainly around the HQ area, which is located near 
Sitalike Village on the northern border of this national 
park. Predators living in Katavi National Park include 
the lions (Panthera leo), the leopards (Panthera pardus), 
and the spotted hyenas (Crocuta crocuta) (Mulder et al. 
2007).

Katavi National Park is mainly covered by dry miombo 
woodlands. The most dominant tree genus is Grewia 
(17.42%), followed by Markhamia (13.20%) and 
 Combretum (13.13%) (Banda et al. 2008). Acacia are 
also found within the Katavi National Park (Banda et al. 
2008), mainly in riverine and floodplain woodlands. The 
HQ area, where we conducted our study, was a miombo 
woodland area.

Katavi National Park has a distinctive rainy season 
from November to April and a dry season from May to 
October.

Data collection
Data were collected from July through October 2011 

between approximately 07:30 and 18:30 while walking 
through the miombo woodland, accompanied by a ranger. 
A herd was defined as two or more giraffe no more than 
approximately 200 m apart within sight of an observer. 
We generally used a laser rangefinder to estimate the dis-
tance between individuals; we also sometimes estimated 
this distance by eye. Individual identification was done 
according to the unique coat pattern on the neck, which 
remains unchanged throughout the life of a giraffe. It has 
been reported that a calf begins to travel continuously 
with its mother at six months of age (Moss 1976); there-
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fore, we defined a calf that was in a crèche and not 
 traveling continuously with its mother as an individual 
younger than six months (“newborn”; Le Pendu and 
 Ciofolo 1999). As a mother giraffe in the wild suckles 
only her own calves (Langman 1977; Pratt and Anderson 
1979), the three mother–calf dyads observed in this study 
were identified by observing suckling behavior.

After recording herd size and conducting individual 
identification, we performed focal sampling of the three 
giraffe calves at a distance of 20–50 m from the observer. 
The total duration of observations of focal calves was 
50 h 14 min. The maximum (average) durations of focal 
sampling for the calves were as follows: Calf A, 240 
(102) min; Calf B, 150 (69) min; and Calf C, 170 (65) 
min. Data collected during focal sampling included 
whether the mother and calf were apart or together at 
10-minute intervals. Only focal samples of more than 30 
min were used in analyses.

“Apart” was defined as when the mother being away 
from the herd in which her calf is observed. For analysis 
of this behavior, we used only data from the period imme-
diately before the mother left the focal calf’s herd. For the 
analysis of the duration of time spent together and apart, 
we used data sets in which we observed both the initiation 
and termination of each behavior. “Together” was defined 
as when the mother was with the focal calf in a herd, 
i.e., within approximately 200 m of the focal calf. Both 
proximity states (apart or together) rarely lasted for more 
than 1 h at a time, with the mother and her calf frequently 
alternating between the apart and together states. In the 
analyses, we used all data of observations started when 
the focal calf and mother were in the same herd.

We recorded the distance (i) between the nearest 
mother and each of the three calves and (ii) among the 
three calves every 10 min by scan sampling. Data collec-
tion was conducted on only three mother–calf dyads (six 
different individuals in total), and no data were included 
from other females or calves. We categorized the distance 
between giraffe in a herd into four groups: ≤ 5.0 m, 5.1–
50.0 m, 50.1–100.0 m, and > 100.0 m.

Data analysis
Nonparametric statistical tests were performed. We 

compared the duration of time spent apart or together 
among the three calves using the Steel–Dwass test. We 
used this statistical method to account for the nonexist-
ence of variety among the three calves. The comparison 
of the duration of the two states (apart or together in 
mother–calf association) for each of the three calves was 

done using the Mann–Whitney U-test. The combination 
of two associations (female–calf or calf–calf) in relation 
to the combination of the four distance groups was ana-
lyzed using Fisher’s exact test in order to determine 
whether calf–calf dyads maintain shorter distances com-
pared with female–calf dyads, or whether female–calf 
dyads maintain shorter distances compared with calf–calf 
dyads, or whether no difference in distance between these 
two relationship categories exists. We report the mean ± 
SD in the text. All statistical calculations were performed 
using the R statistical package (R Development Core 
Team 2016), with a two-tailed significance level set at 
P < 0.05.

Results

There were no significant differences among the three 
calves for duration of time spent either apart from (Steel–
Dwass test: Calf A vs Calf B, t =2.323, P = 0.053; Calf A 
vs Calf C, t = 2.043, P = 0.102; Calf B vs Calf C, t = 
0.505, P = 0.869) (Fig. 1a) or together with (Calf A vs 
Calf B, t = 0.516, P = 0.863; Calf A vs Calf C, t = 1.980, 
P = 0.117; Calf B vs Calf C, t = 1.910, P = 0.136) their 
mothers (Fig. 1b).

The average duration of time spent apart was 24.0 ± 
19.0 min per occurrence (n = 48, min/max duration of 
focal watch (min): Calf A, 10/80; Calf B, 10/50; Calf 
C, 10/60) and the average duration of time spent together 
for all three calves was 40.6 ± 33.9 min per occurrence 
(n = 35, min/max duration of focal watch (min): Calf A, 
20/200; Calf B, 20/90; Calf C, 10/70) (Fig. 2). The 
 durations of time spent together and apart were not 
 significantly different in Calf A and Calf C (Calf A, 
Mann–Whitney U-test: U = 31.500, P = 0.436; Calf C, 
Mann–Whitney U-test: U = 117.500, P = 0.143). How-
ever for Calf B, the duration of time spent together 
was significantly longer than time spent apart (Mann–
Whitney U-test: U = 27.500, P = 0.001).

Calf–calf distance (n = 553) was significantly shorter 
than the nearest mother–calf distance (n = 536) (Fisher’s 
exact test: P < 0.001) (Fig. 3). The nearest mother–calf 
distance which was measured for the three dyads ranged 
between 5–50 m in most cases, and sometimes no mother 
was within 50 m of the calf. During the daytime, the 
three calves were usually sitting or following their own 
mothers. Thus, situations in which a calf wandered far 
from its mother by itself were rarely observed. The three 
calves were within 5 m of each other for about half of 
the time, and they rarely stayed more than 50 m apart.
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Discussion

Our findings provide some support that mother giraffes 
in dense woodland leave their calves for a shorter dura-
tion than do mother giraffes in open woodland (1–2 h in 
Langman [1977]; a few hours in Pratt and Anderson 
[1979]). This difference might be due to the difference in 
tree density and/or food condition between the three study 
locations. Firstly, vegetation in our study area is denser 
than in the locations where Langman (1977) or Pratt and 
Anderson (1979) conducted their studies (tree densities 
of each area: the Katavi National Park ranges between 
635–947 ha–1 [Banda et al. 2006]; the Timbavati Private 
Nature Reserve, South Africa, in Langman is < 200 ha–1 
[Treydte et al. 2008]; the Seronera, Serengeti National 
Park in Pratt and Anderson ranged from 17 ± 1 ha–1 to 
363 ± 25 ha–1 [Ruess and Halter 1990] and from 13 ± 1 
ha–1 to 591 ± 91 ha–1 [Pellew 1983]). Second, Combretum 
spp., the third most dominant species in the Katavi eco-

system (Banda et al. 2008), are known to have lower 
 tannin levels than do Acacia spp. in general (Sauer 
1983). Acacia also increases tannin content in the leaves 
as a defense mechanism against browsing (Furstenburg 
and van Hoven 1994). This response has not been ob-
served in Combretum spp. Caister et al. (2003) found 
that nursing female giraffes avoid consuming tannins. 
Langman (1977) and Pratt and Anderson (1979) con-
ducted their studies in areas dominated by Acacia spp., 
which are avoided by nursing giraffe (Pellew 1983; 
 Treydte et al. 2008). Moreover, giraffe movement and 
home range sizes are known to be reduced in the rainy 
as compared with the dry season, and when there is an 
abundance of browse (Le Pendu and Ciofolo 1999; 
 McQualter et al. 2015; Flanagan et al. 2016). The travel 
distance and home range size of giraffe are strongly 
linked with environ mental factors, such as food and 

Fig. 1. Duration of time spent apart (a) and together (b) among the three calves. There was no significant difference in all combinations (Steel–
Dwass test; P > 0.05). Values represent the median (horizontal line), 25th and 75th percentiles (box), and the whiskers indicate the 10th and 90th 
percentiles.

Fig. 2. Duration of the two states for the three calves. Each bar plots 
the mean ± SD. Sample sizes are as follows: Calf A, together (n = 9) 
and apart (n = 9); Calf B, together (n = 17) and apart (n = 11); Calf C, 
together (n = 22) and apart (n = 15).

Fig. 3. The relationship between two associations and four distance 
groups of three mother–calf dyads: nearest mother–calf (n = 536: 
within 5 m = 45; more than 5 m and up to 50 m = 416; more than 50 m 
and up to 100 m = 52; more than 100 m = 23) and calf–calf (n = 553: 
within 5 m = 274; more than 5 m and up to 50 m = 267; more than 
50 m and up to 100 m = 8; more than 100 m = 4) (Fisher’s exact test: 
P < 0.001).
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 water availability (Hall-Martin 1974; Berry 1978; Pellew 
1984b). Hence, dense miombo woodland might be a pref-
erable habitat for  nursing because a mother giraffe is able 
to secure sufficient energy intake while nursing. Therefore, 
a mother giraffe in dense woodland might travel for 
shorter periods of time in comparison with mothers in 
open woodlands, who need to travel without their calves 
for a longer time in order to find enough energy/palatable 
food for nursing.

The plant species preferred by giraffe differ between 
the dry and rainy seasons (Leuthold and Leuthold 1972; 
Sauer et al. 1977; Pellew 1984a, 1984b; Ginnett and 
Demment 1997; Parker et al. 2003; Parker and Bernard 
2005). Additionally, previous studies conducted by 
Langman (1977) and Pratt and Anderson (1979) included 
data from both rainy season and dry season. Therefore, 
to fully understand giraffe mother–calf relationships, 
research should also be conducted during the rainy season 
in dense woodland and consider the seasonal difference in 
open woodland.

Conversely, it might be possible that giraffe mothers in 
dense woodland do not travel for lengthy periods of time 
away from their offspring as do mothers in open wood-
lands because dense woodland is less safe than open 
woodland. A giraffe calf is more vulnerable than an adult, 
and in some areas, approximately half of them become 
prey during their first year (Foster and Dagg 1972). The 
lion, a main predator of giraffe (Pratt and Anderson 
1979), prefers to ambush its prey (Schaller 1972; Grant 
et al. 2005). In miombo woodland, the bush height is 
less than 3 m (White 1983). On the other hand, in Acacia 
savanna woodland, bushes and shrubs are poorly distrib-
uted, but there is a characteristic grass stratum (vegetation 
height: 0.5–1.5 m) distributed throughout (White 1983). 
Therefore, it may be that a mother in dense woodland 
stays close to her offspring to protect her calf against 
 predation, because dense woodland provides numerous 
hiding places for predators. In the roe deer (Capreolus 
capreolus), differences in age or activity of fawns, as well 
as the distance between mother–fawn dyads, vary accord-
ing to habitat (Panzacchi et al. 2010). The fawn hiding 
place was considered to be safer when the mother–fawn 
distance was larger (Panzacchi et al. 2010). Giraffe may 
show the same trait as the roe deer in that mothers are not 
able to move far away from their calves because dense 
woodlands might be unsafe places. Additionally, even 
though the records of the lion density from each study 
area were not taken at the same time as each giraffe study 
was conducted, they suggest that density is similar among 

the three study locations (0.068 ± 1.3 per km2 in the Asso-
ciated Private Nature Reserve, including the Timbavati 
Private Nature Reserve, which was the study area of 
Langman (1977) [Turner 2007], 0.079–0.094 in the 
Serengeti National Park, which was the study area of 
Pratt and Anderson (1979) [Schaller 1972], and 0.07 per 
km2 in the Katavi National Park, which was the study 
area of this study [Caro 1999]). However, Serengeti and 
 Timbavati lions do not prefer the giraffe as a prey species 
due to the abundance of smaller prey, such as the wilde-
beest and the zebra (Scheel and Packer 1991; Hayward 
and Kerley 2005; Turner 2007). In contrast, even though 
there is plenty of prey other than giraffe, the giraffe is 
preferred prey for Katavi lions, and the wildebeest are 
not evenly distributed (Kiffner et al. 2009). Therefore, 
lions in the Katavi National Park may prey upon giraffe 
more frequently than in the other two study areas. Differ-
ences in the density of alternative prey species and in the 
prey preference of other predators in these regions might 
also affect giraffe nursing behavior.

In this study, we did not consider the locations of water 
resources. Another explanation as to why giraffe mothers 
leave their calves is to drink (Langman 1977; Pratt and 
Anderson 1979). Although giraffe do not need to drink 
on a daily basis (Dagg 2014), they do drink occasionally. 
Female Grevy’s zebras (Equus grevyi) increase their 
water intake when lactating (Ginsberg 1988). Therefore, 
it is also important to examine the distance between the 
place where a nursery group has formed and nearby water 
resources to understand how the location and intake of 
water affect the duration of time spent together and apart 
for mother–calf dyads.

The existence of nursing groups and other herd com-
positions developed specifically for nursery periods in 
giraffe society has been known since the 1970s (Langman 
1977; Pratt and Anderson 1979). However, no detailed 
study has examined if there is any difference in giraffe 
nursing strategies in different environments. We found 
that females and calves in dense woodland have some 
behavioral similarities, as well as some differences, with 
females and calves in open woodland. In the former 
 environment, females and calves alternated between 
spending time apart and together, with neither state 
 generally lasting for more than an hour, while in the 
 latter environment, females and calves might be sepa-
rated for a number of hours at a time. These differences 
might be a consequence of predation pressure in the 
two different habitats, or due to differences in density of 
vegetation. However, in both environments calves tended 
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to cluster together, while females wandered away. Our 
study, despite sample size limitations, provides initial 
support that giraffe have different mother–calf relation-
ships in different habitats.
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