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Abstract

The diet of the marsh or water mongoose Atilax paludinosus has been well studied in coastal
and inland riverine habitats, where crabs often constitute the main prey in terms of frequency
of occurrence. We investigated the feeding ecology of a small number of marsh mongooses
living next to a small, non-permanent reservoir (Andries Vosloo Kudu Nature Reserve,
Eastern Cape), where freshwater crabs were not available. Using a combined metric of the
percentage of occurrence and the percentage volume of food remains in 133 scats collected
from 2006—2009, no primary prey could be detected. Amphibians, mammals, arthropods and
fish all acted as secondary prey. Plants supplemented the diet, whereas birds only occurred
as trace foods. There were seasonal variations in the diet, with peaks in amphibian (spring),
arthropod (summer) and fish (autumn) consumption contributing to the change. Dietary
diversity and niche breadth were relatively high throughout the year. This study strongly
suggests that the marsh mongoose is in fact a generalist opportunist feeder. Although it
consumes crabs and other aquatic prey in areas where they are particularly abundant, it can
adapt to local food availability and include a significant proportion of terrestrial prey in its
diet.
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The marsh or water mongoose Atilax paludinosus is widely distributed in sub-Saharan
Africa, although it is absent from most of Namibia, Botswana and the more arid parts of
South Africa (Do Linh San et al. 2015; Baker et al. 2016). This herpestid (Order Carnivora,
Family Herpestidae) is one of the larger members of the family, with a body mass of
between 2 and 5.45 kg and an average head-body length of about 50 cm (Baker 1992). It is
mostly nocturnal and primarily associated with aquatic habitats, such as coastal areas, rivers
and streams, and salt marshes (Baker and Ray 2013). As specific morphological adaptions
to this lifestyle, it possesses dense underfur that is water resistant, and unwebbed feet that
allow this mongoose to seek out aquatic prey hidden in underwater cavities (Skinner and
Chimimba 2005).

This link with water habitats results in its diet being mostly dominated by aquatic prey, and
particularly crustaceans (see review in Baker and Ray 2013). For example, along the Atlantic
Ocean coastline at Betty’s Bay (Western Cape, South Africa), crabs were the dominant prey
with a relative percentage occurrence of 39%, with fish, amphibians and mammals



accounting only for a combined 8.4% of food remains in scats (Louw and Nel 1986). The
situation reported for inland-dwelling marsh mongooses living along riverine habitats does
not depart from this pattern. In two montane grassland study sites in KwaZulu-Natal, Rowe-
Rowe (1977) found that freshwater crab Potamonautes spp. remains were dominant in the
scat samples he studied, with a relative percentage occurrence of 43%, whereas
amphibians, mammals and birds each contributed only 14% to the diet. The above results,
therefore, raise the question as to whether the marsh mongoose is mostly or at least partly
dependent on crabs.

In South Africa, reservoirs are widespread and are an essential component of sustainable
water resource management. The larger, permanent reservoirs are mainly used for irrigation
purposes and to supply urban areas with water (DBSA, undated). The smaller reservoirs
often serve as a source of water for livestock and wildlife (Bothma and du Toit 2016), but
also as a soil conservation measure, notably to flood and rehabilitate severely eroded areas
(Coetzee 2005). Whereas at least some species of freshwater crabs of the genus
Potamonautes are known to disperse overland between water bodies (Daniels 2015), they
are not necessarily present in or around small reservoirs. This is particularly the case of
reservoirs that dry up regularly or for long periods, which are located far away from rivers,
and/or are surrounded by arid land with a deep water table (S Daniels, pers. comm. 2020).

Here, we aimed to determine how the absence (or at best the low availability) of freshwater
crabs would affect the diet of the marsh mongooses living around a small, non-permanent
reservoir located in a semi-arid inland conservation area. We predicted that this small
carnivore would rely more on other aquatic prey, such as amphibians and fish, but also on
terrestrial prey, such as small mammals and arthropods.

The Andries Vosloo Kudu Nature Reserve is a 64 km? provincial conservation area that lies
between Grahamstown and Fort Beaufort, in the Eastern Cape province, South Africa. It is
one of three entities forming the Great Fish River Nature Reserve. The reserve falls within
the Albany Thicket Biome and is dominated by the Great Fish Thicket (Hoare et al. 2006).
The area is semi-arid, with summer temperatures often exceeding 35 °C. Rainfall varies
from 250 to 650 mm per year, with peaks in spring and autumn (Birch et al. 1999).

Data collection took place next to the Kentucky dam (33°6'59.73" S, 26°39'30.81" E), a small
non-permanent reservoir. During the study period, the water level of the reservoir changed
significantly, as affected by rainfall patterns and drought events. Although the sampling site
is peripherally included in the range of the Natal river crab Potamonautes sidneyi
(Cumberlidge 2008), no crabs or their carcasses were observed in the dam area or along the
riverine thickets despite intensive field presence of the first and third authors, both at night
and during the day.

Scat samples were collected from May 2006 to June 2009 at three latrines that were located
on the grass banks of the reservoir. Latrines were first discovered when tracking a radio-
collared water mongoose female that regularly rested among nearby tall grass vegetation
during the day, with clear paths leading to the latrines. Species identification was further
ascertained by matching defecation sites, as well as scat diameter and appearance, with
corresponding information provided in Stuart and Stuart (2000). Collected scats were placed
into plastic freezer bags that were referenced with scat code, coordinates and date of



collection. Samples were then stored in a freezer until the time of analysis.

Frozen scats were thawed in an oven for three days (72 hours) at 50 °C. However, because
most of the scats were then hard and difficult to analyse, they were subsequently soaked in
water for two days until they were soft. After soaking, they were washed under running water
using fine-meshed sieves (1 mm and 0.5 mm). They were dried again for 72 hours and later
teased apart over a 10 x 10 cm grid to estimate the volumetric proportion of each food
remains category.

In order to prevent the possibility that our sample included scats from other carnivores (e.g.
otters) that defaecated in the same latrines as marsh mongooses, following Maddock (1988)
only scats containing the characteristic banded hair of A. paludinosus were used for
assessing the diet. A dissecting microscope was used to identify prey remains that were
difficult to determine by the naked eye. Food items were categorised into (1) mammals — as
revealed by the presence of hair, bones and teeth, (2) arthropods — exoskeletons, (3) birds —
feathers, (4) plants — leaves, grass and seeds, (5) fish — scales and bones, (6) amphibians —
bones, and (7) unidentified material. As dominant food categories in terms of frequency of
occurrence (>75%, see Results), arthropods and, where possible, mammals were further
identified to order and species level, respectively. The hairs embedded in the scat samples
were prepared into slides by use of gelatine and were later identified based on cuticular
scale patterns with the help of a compound microscope. Identification guides (Perrin and
Campell 1980; Yalden 2003; Scholtz and Holm 2008) and insects collected in the field
(Mdodana 2014; Sikade 2017) were used to identify prey remains in the scats.

The diet of the water mongoose was analysed as (1) percentage of occurrence (PO; the
number of scats in which a food category occurred/total number of scats x 100), (2)
percentage volume (PV; volumetric proportion of each food remain category), and (3)
percentage overall importance (POI) of various food categories by plotting PV against PO on
paired axes (Kruuk and Parish 1981). Following Maddock et al. (2016), primary prey were
considered to lie above the 25% isopleth and secondary prey between the 6% and 25%
isopleths. Supplementary food categories were considered to be between the 1% and 5%
isopleths, and categories that lay below the 1% isopleth were regarded as ‘trace’ foods.

Four seasons were considered in our analyses: spring (September—November), summer
(December—February), autumn (March—-May) and winter (June—August). Chi-square tests of
independence were used to examine whether there were variations in the absolute
occurrence of the broad food

categories in the diet of the marsh mongoose throughout the year. Because the data were
not distributed normally (Shapiro-Wilk test, p < 0.05), Kruskal-Wallis tests were performed to
examine possible seasonal differences in the number of food categories, in the number of
prey items, in the percentage volume of dominant items and in the percentage volume of
each food category consumed. These statistical analyses were carried out with SPSS 17.0
(SPSS Inc.).

Using formulae provided in Krebs (1999), additional comparative tests were performed using
the relative frequency of occurrence (RFO = RPO/100) and the relative volume (RV =
PV/100) as proportions for each food category in calculating (1) the Shannon-Wiener
diversity index (H'; range 0—2.807 for seven categories), (2) the evenness measure of



representation (J'; range 0-1), (3) Levin’s standardised dietary niche breadth (BA; range
0-1) and (4) Pianka’s dietary niche overlap (a; range 0-1) between pairs of seasons. In
order to facilitate ecological interpretation and comparison between (pairs of) seasons, we
considered J', BA and a values as high/broad when >0.65, low/narrow when <0.35, and
intermediate when ranging between 0.35 and 0.65.

The diet of the marsh mongoose was analysed based on 133 scats. An overall mean (x SD)
number of 4.1 £ 0.9 food categories (range 1-6) and 4.5 + 1.2 food items (range 1-8) were
present in each scat. Dominant items constituted a mean percentage volume of 63.7 £
16.7% of the scat remains at the yearly scale. The number of food categories consumed (H
=2.17, df = 3, p = 0.54), the number of food items (H = 4.89, df = 3, p = 0.18) and the
percentage volume of dominant items in scats (H = 2.53, df = 3, p = 0.47) remained stable
throughout the seasons (Table 1).

Arthropods (78%) and mammals (76%) were the dominant food items in terms of percentage
occurrence, followed by amphibians and plant material (59% each) and fish (32%). The
presence of arthropods peaked in spring and summer, that of fish in autumn, whereas birds
were mostly consumed during winter. Amphibians occurred more frequently in spring and
summer. The overall diet, expressed as absolute occurrence, changed significantly over the
seasons (x? = 42.4, df = 18, p < 0.001). However, when considering each food category
separately, only the occurrence of fish (x? = 24.38, df = 3, p < 0.0001) and amphibians (x? =
25.66, df = 3, p < 0.0001) varied significantly throughout the year.

Mammal remains were found in 103 scats, but the species consumed could only be
conclusively identified in 21 scats. These were the western rock sengi Elephantulus rupestris
(33%), thicket rats Grammomys spp. (24%), bush Karoo rat Otomys unisulcatus (19%), vlei
rat O. irroratus (19%) and pigmy mouse Mus minutoides (5%). The insect orders identified
were Coleoptera (beetles; in 57% of cases, n = 142 items from 104 scats), Isoptera
(termites; 19%), Hymenoptera (ants; 6%), Orthoptera (grasshoppers; 6%) and Odonata
(dragonflies; 2%). Another arthropod taxon found was Diplopoda (millipedes; 10%). No
remains (exoskeleton, chelipeds) of crabs were found.

The most important prey items in terms of percentage volume of food remains in scats were
amphibians (26%), fish (21%), mammals (19%) and arthropods (15%) (Figure 1). Significant
seasonal changes in the percentage volume of remains in scats were found for amphibians
(H =20.530, df = 3, p < 0.001), fish (H = 35.862, df = 3, p < 0.001) and arthropods (H =
39.911, df = 3, p < 0.001), but not for the other food categories (p > 0.086).

An assessment of the percentage overall importance revealed the absence of a primary prey
type in the diet of the marsh mongoose at the study site (Figure 2). Instead, amphibians,
mammals, arthropods and fish all acted as secondary prey. Plant material was a
supplementary food, whereas birds could be regarded as trace prey.
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Figure 1: The seasonal and yearly percentage volume of prey items found in the scats (n = 133) of
the marsh mongoose Atilax paludinosus in the Andries Vosloo Kudu Nature Reserve, Eastern Cape
province, South Africa
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Figure 2: Graphical representation of the percentage overall importance (POI) of broad food
categories in the diet of the marsh mongoose Atilax paludinosus based on the analysis of 133 scats
collected between May 2006 and June 2009 in the Andries Vosloo Kudu Nature Reserve. Percentage
volume (PV) is plotted against the percentage of occurrence (PO) of the corresponding food
category. Isopleths connect points of equal overall importance. Font size used to represent food
categories is proportional to their overall importance in the diet

When comparing diet diversity over the year using Shannon—Wiener’s formula, the diversity
indices (2.10-2.70; H'nax = 2.8074), and therefore the evenness measures of representation



(0.74-0.95), were high, with only slight variations between seasons (Table 1). The seasonal
and yearly values calculated with RFO and RV did not differ substantially. The standardised
niche breadth was broad (0.63-0.84) when calculated with RFO, but spring to autumn
values obtained with RV were intermediate (0.40-0.44). The diet overlap indices between
the six possible seasonal dyads were generally high (0.70-0.98), although intermediate
overlaps were recorded between spring and autumn (0.41), and between summer and
autumn (0.40), using RV as proportions.

Table 1: The number of marsh mongoose Atilax paludinosus scats collected in the Andries Vosloo
Kudu Nature Reserve (Eastern Cape province, South Africa) from 2006 to 2009 and corresponding
seasonal dietary parameters

Parameters Spring Summer Autumn Winter Year
Mumber of scats 21 25 33 54 133
Mean number of food categories per scat (n) 395+1.12 383078 415+ 1.00 420+0.81 409+09
Mean number of food items per scat (n) 452 +1.50 4841128 442 +1.20 426098 445+119
Mean percentage velume of dominant items in scats (%) 64 £ 16 60+ 17 66 £ 18 64 £ 16 64 £ 17
Shannon-Wiener diversity index (H")

With RFO 243 233 259 2.68 2.62

With RV 2.20 207 224 2.63 2.60
Evenness of representation (J)

With RFO 0.566 0.829 0.922 0.953 0.934

With RV 0.782 0.738 0.798 0.939 0.925
Standardised dietary niche breadth (B,)

With RFO 0.682 0.630 0.793 0.836 0.798

With RV 0.408 0.436 0.441 0.759 0.752

Previous publications suggest that aquatic prey, and particularly crustaceans, can or often
dominate the diet of the marsh mongoose in both coastal and inland riverine systems (e.g.
Rowe-Rowe 1977; Louw and Nel 1986; Purves et al. 1994). Several of those studies were,
however, based on small sample sizes (30-50 scats) and/or short study durations (Whitfield
and Blaber 1980; MacDonald and Nel 1986; Baker 1989; Somers and Purves 1996; Ray and
Sunquist 2001). Consequently, their results may not have been fully representative of the
true local diets. Our study is based on a moderate, but yet adequate number of scats (>94
sensu Trites and Joy 2005) collected opportunistically over a four-year period. Although our
results are probably only representative of the diet of a small number of marsh mongooses
(possibly 3—4 individuals), they allow us to draw three main conclusions on the feeding
ecology of this species.

First, marsh mongooses can subsist in areas where, or at least during periods when, crabs
are absent. As expected, our data indicated that this usual primary prey is replaced by a
wide range of secondary prey, both aquatic (amphibians, fish) and terrestrial (mammals,
arthropods). The idea that marsh mongooses could locally rely on other food sources had
already been hinted by studies based on small sample sizes, with molluscs dominating in a
stomach content survey carried out in Nigeria (Angelici 2000), and mammals and arthropods
being the main prey in some other inland areas in South Africa and Zambia (Stuart and
Stuart 1998, 2003a, 2003b).

Second, marsh mongooses are generalist rather than specialist foragers. This is suggested
by several of our findings. The number of food categories and food items per scat was high
(between 4 and 5 on average) and constant throughout the year, indicating that individuals
consume several types of food per feeding bout (i.e. ‘meal’). In addition, diet diversity and
dietary niche breadths were also quite broad throughout the year, with high overlaps
between seasonal dyads. The generalist feeding nature of this species may have been partly
overlooked, because previous studies only assessed the diet based on the (relative)
frequency of occurrence of food items. These diet descriptors may, however, be misleading,
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because some foods are eaten frequently, but in small quantities. In our study, the
percentage volume of food remains, and the percentage overall importance were also
determined to obtain a better estimate of the quantitative and ecological significance of each
food category (Kruuk and Parish 1981; Klare et al. 2011). Using this approach, no primary
prey emerged, and up to four secondary food categories were shown to have an overall
similar importance in the diet. Plants only acted as supplementary food, whereas the
fruits/seeds were likely eaten intentionally. It remains unclear whether the more fibrous
materials, such as leaves or grass, were ingested purposely (e.g. to remove and purge
intestinal parasites) or accidentally (e.g. when grabbing arthropods).

Third, marsh mongooses are opportunist foragers. This aspect appears clearly in our study
(Figure 1). At the daily scale, although several food items were eaten each night, one of the
prey would dominate consistently, representing on average 60-65% of the volume of
remains. This suggests that when a marsh mongoose finds an attractive food resource,
whatever the type, it will capitalise on it. The same behaviour is apparent at the seasonal
scale, with peaks of prey consumption noted in spring and partly summer for amphibians
(rainy season and amphibians’ mating period; du Preez and Carruthers 2017); arthropods in
summer (warmest season and peak in arthropod activity; Mdodana 2014; Sikade 2017); and
fish in autumn and to a lesser extent winter (when the water is colder and fish are more
lethargic and easier to catch; Rowe-Rowe 1977). Paradoxically, the finding that the diet was
the most diversified and ‘balanced’ during the lean winter season is also in line with what
would be expected from an opportunist forager. Using the same logic, it is anticipated that
marsh mongooses would predominantly feed on crabs — or any other food type for that
matter — in areas where, or during seasons, when crabs or any other food type are
particularly abundant.

As a concluding remark, small mammals occurred in 76% of scats — with a higher value of
100% only previously recorded by Avenant and Nel (1997) — and the percentage volume of
their remains was constant throughout the year. Mammals certainly represent a higher
amount of ingested biomass and leave lower volumes of remains in scats than freshwater
crabs, for example. For this reason, future studies that include an estimation of ingested
biomass might reveal that small mammals could, in fact, play a more significant role in the
diet of the marsh mongoose than previously thought.
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