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1. General introduction 

The importance of temporary waters is increasingly acknowledged (Dettinger-Klemm 1998; 

Schwartz & Jenkins 2000). Their value is not only regarded high for scientific research (e.g. Williams 

1996) but also for conservational issues (e.g. Williams 1997).  

A general definition of temporary waters describes them as aquatic systems "in which the entire 

habitat for aquatic organisms shifts from being available to being unavailable, for a duration and / or 

frequency sufficient to substantially affect the entire biota" (Schwartz & Jenkins 2000, page 3). 

Temporary water bodies, resulting from erratic or seasonal precipitation, are to be found throughout 

the world, and play an essential economic and ecological role particularly in arid and semi-arid regions 

(Comín & Williams 1994). Biodiversity of temporary waters was considered low in early studies (e.g. 

Rzoska 1961), but this perception proved to be erroneous. Faunal diversity in temporary waters is high 

and often higher than in permanent waters (Williams 2000). Temporary ponds may, furthermore, 

support a distinct fauna and thus contribute considerably to the overall invertebrate community of a 

region (Williams 1997).  

Despite the importance of temporary waters, ecological processes in these systems are only 

poorly understood (Schwartz & Jenkins 2000). Studies on the ecology of temporary waters were 

mostly conducted in Australia (e.g. Boulton & Lake 1990, 1992a, b), North America (e.g. Magoulick 

2000) and Europe (e.g. Matthaei et al. 1996), while studies in Africa are very scarce (e.g. Lahr et al. 

1999). This geographic distribution, however, reflects geographical preferences of scientists rather 

than the importance of the temporary waters in the respective region. In contrast, temporary waters are 

widespread and of great ecological importance in sub-Saharan Africa (Comín & Williams 1994).  

For the inhabiting aquatic animals desiccation of temporary waters is the major challenge. It 

requires adequate adaptations such as physiological tolerance, ability to migrate or special life-history 

traits (Wiggins et al. 1980; Williams 1996). The dry phase may be evaded in time, i.e. the fauna has a 

dormant stage of reduced metabolic activity (diapause). Many such examples are known for insects 

and other arthropods (Brown & Hodeki 1983; Tauber et al. 1986; Williams 1987). Another option is to 

evade in space. Inhabitants of temporary waters, like many insects and amphibians, may have a 

terrestrial phase in their life cycle. They use the habitat as a nursery and leave the water at the latest 

when it starts to deteriorate (Williams 1987). Like many aquatic insects that are capable of flight, the 

inhabitant may leave the desiccating water body and move to another one that still holds free water. 

This cycle of migration between temporary and permanent aquatic habitats is widespread among true 

bugs and beetles (Batzer 1996). 

The interplay of the fauna of temporary and permanent water bodies in a savannah habitat was 

studied exemplarily on aquatic beetles of the families Dytiscidae and Noteridae. The family Noteridae 

was considered as subfamily Noterinae of the Dytiscidae before. The number of valid species world-
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wide in the Noteridae in the year 1996 was 240 and in Dytiscidae 3,200 (Klausnitzer 1996). As a result 

of ongoing taxonomic efforts, in the year 2001 the species list for the Dytiscidae included 3,792 

species (Nilsson 2001). Both groups are carnivorous and Dytiscidae are known to live mostly on insect 

larvae and other small invertebrates, but also on small vertebrates like tadpoles (Klausnitzer 1996).  

Pilot studies indicated that the local diversity of aquatic beetles in Comoé National Park is high 

(N. Reintjes, unpubl. data). However, the region had barely been sampled by taxonomists and a 

comprehensive inventory of species in the study area, therefore, was very helpful for any kind of 

detailed ecological study.  

Extensive revisionary work on the taxonomy and systematics of African Dytiscidae and 

Noteridae is still in progress. Most of the material on these beetles collected in Africa was obtained 

during short-term studies, as collateral captures in studies on other groups or during short collection 

trips of taxonomists. Species lists were compiled only for a few African countries (e.g. Omer-Cooper 

1965; Zalat et al. 2000). Intense collections on a restricted location in Africa were done in Ethiopia 

(Nilsson & Persson 1993) and Guinea Bissau (Nilsson et al. 1995). Such comprehensive inventories 

contribute to the discussion of biodiversity issues (biogeographic considerations, the role of regional 

and local species pools, etc.). The study presented here for Comoé National Park is the most detailed 

one concerning Dytiscidae and Noteridae at least for West Africa, if not for the entire African 

continent. 

The hitherto executed taxonomic studies of aquatic beetles in Africa are based on material 

collected from relatively few spots. Therefore, faunistics of individual species are only poorly known 

and additional regions need to be sampled in order to complete the fragmentary distribution maps of 

the species. The intense collection of beetles in this study yields useful data on the faunistics of these 

taxa in West Africa.  

 

Whereas taxonomical and faunistic studies of African Dytiscidae and Noteridae were at least 

partly performed, ecological studies of diving beetles are scarce for the tropical regions of the world in 

general and for Africa in particular. As a consequence, our knowledge on the ecology of these insects 

in the West African savannah is extremely poor. One of the most important questions on their biology 

is "how do the beetles cope with the long dry season and the associated loss of aquatic habitats?". 

Diving beetles have developed a number of life-history strategies that may differ considerably, even 

within the same genus (Nilsson 1986). Unfavourable seasons are passed in different life stages and in 

different habitats (Boulton 1989; Galewski 1964; Garcia et al. 1990; Hicks & Larson 1995).  

One option is the cyclic migration between temporary and permanent water bodies as described 

above. Several prerequisites have to be fulfilled. First: The timing must be adequate. In temporary 

waters the moment to leave the water body may be triggered by environmental conditions such as 

water depth or temperature (Velasco & Millan 1998). Second: The mode of dispersal must be 

adequate. Most adult aquatic insects are capable of active flight (Hynes 1984). Flight capacity in some 
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species is (at times) reduced in favour of other life-history traits (Roff 1990, 1994; Zera & Denno 

1997), but usually is well synchronised with the colonization cycle (Batzer 1996; Harrison 1980; 

Landin 1980). Although among diving beetles flightlessness also occurs (Bilton 1994; Jackson 1956), 

the vast majority of species and populations in this family is capable of flight (Klausnitzer 1996). 

Third: The water body to be colonized must be found. For flying insects, the reflecting surfaces of 

water bodies are a cue to descend (Sheldon 1984). Aquatic beetles in general (Klausnitzer 1996) and 

Dytiscidae in particular (Nilsson 1997) use this parameter as shown by beetles being misled by 

anthropogenic reflecting surfaces. 

Results presented here are based upon research conducted in Comoé National Park in northern 

Ivory Coast, West Africa. The climate in this savannah is characterised by a pronounced dry season in 

which the temporary ponds and creeks in the savannah reduce their bodies and finally fall completely 

dry (Fig. 1-1). The only available water bodies during dry season in Comoé National Park are the 

Comoé River, pools in some of its tributaries and a few of the large savannah ponds.  

A comprehensive inventory of the local species pool of the families Dytiscidae and Noteridae 

amended by taxonomic and faunistic considerations is given. Moreover, the question how the beetles 

bridge the dry season was addressed. Studies analysed whether colonizing1 beetles are in the riverbed 

of the Comoé River during dry season and to which extent they are prevalent in early rainy season. 

Colonization of artificial savannah ponds by adult Dytiscidae and Noteridae was studied at the onset 

of the rainy season. 

 

Thesis outline 

The thesis is divided in two main chapters (chapters 2 and 3). 

Chapter 2 contributes to the knowledge of the local species pool of Dytiscidae and Noteridae in 

Comoé National Park by giving aspects of taxonomy and faunistics as well as an inventory of the 

species of these families. The results were elaborated in close co-operation with taxonomists 

specialised on the respective taxonomic groups. Since taxonomic analysis is a long-term task, the 

beetles collected in the study will be subject of taxonomic considerations for a long time to come. 

Therefore, it is likely that the continuous taxonomic processing of the material will yield additional 

results.  

Chapter 2.1 gives a description of a new species in the genus Laccophilus, published 2002 

(Pederzani & Reintjes 2002). Strong incidences exist that the material includes more species yet 

unknown. For example, one species in the genus Methles and one in Neptosternus certainly are new to 

                                                      
1 The terms "to colonize" and  "colonization" usually comprise the establishment and reproduction of the 

individuals in the new habitat. To keep this thesis readable, here the terms also are used if the individuals only 

entered the habitat and no statement on the duration of stay or on reproduction in the water body can be made.  
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science. The description of these species, however, requires revisions of the entire genera and is 

therefore beyond the scope of this thesis. 

Chapter 2.2 lists the species that are new to the Ivory Coast. This chapter has been published in 

2002 (Reintjes & Pederzani 2002) and thus should be considered as an interim balance. The 

continuous taxonomic processing subsequent to this publication uncovered additional species that had 

not yet been registered in the Ivory Coast. This additional information is included in the next chapter. 

Chapter 2.3 compiles the taxonomic results in a species list for the study area and was accepted 

for publication. (Reintjes accepted) The records of the species are discussed in relation to the hitherto 

known distribution. Based on literature data the distribution for each species is given and African 

records with emphasis on West Africa are listed. Species richness in Comoé National Park is 

discussed. 

 

Chapter 3 focuses on the question how Dytiscidae and Noteridae cope with the loss of aquatic 

habitats during dry season. Chapter 3.1 presents results of regular samplings for adult Dytiscidae and 

Noteridae during the dry season and beginning of the rainy season. Finding adults of a species in water 

bodies throughout the entire dry season would suggest that the species passes this unfavourable season 

as imago in aquatic habitats.  

Chapter 3.2 describes a series of studies carried out during dry and beginning rainy season in a 

dry rocky area in the riverbed of the permanent Comoé River. Four sets of studies are covered. 1.) 

Given the hypothesis that adult beetles pass the dry season in permanent2 waters, there must be 

colonizing beetles during dry season (as long as temporary savannah waters are becoming inhostile 

and are falling dry). Rock pools were artificially filled and thus offered for colonization in the peak of 

the dry season. 2.) Habitats for over-summering are needed most at the peak of the dry season, when 

the majority of the savannah waters are dry. Following little precipitation in February that filled rock 

pools but not savannah pools, an inventory of beetles was taken in naturally filled rock pools. 

Additionally the structure of the species assemblages (diversity, dominance) in the individual rock 

pools was examined and correlation with habitat characteristics were assessed. 3.) Organisms utilising 

short lived temporary habitats must be good colonizers. Sampling immediately after precipitation in 

March examined the potential of colonization at that period. 4.) After several events of precipitation at 

the beginning of the rainy season water bodies in the savannah are abundant. If the beetles use the rock 

pools for passing the dry season, they should leave them at the onset of the rainy season. A sample set 

in May controlled for adult beetles in the rock pools. 

                                                      
2 In this thesis the term "permanent water bodies" is not always utilised in sensu strictu. Here it may also include 

temporary water bodies that have free water during the period in question, but desiccate at other times. For 

linguistic readabiliy clear differentiation was dispensed with. 
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Chapter 3.3 covers recolonization processes of newly formed temporary savannah ponds at the 

onset of the rainy season. If the beetles survive the dry season as adults in permanent waters, the 

colonization of the savannah ponds must be a) by adults and b) airborne. To check these hypotheses, 

artificial ponds were offered in the open savannah. 

Chapter 3.4 gives conclusions from the studies for one subfamily of Dytiscidae (published: 

Reintjes & Linsenmair 2001). Additionally to the studies presented here, pilot studies were done from 

December 1997 to May 1998. Furthermore, in the years 2000 and 2001 extensive research was 

conducted focusing on the ecology of species in the subfamily Dytiscinae. Although detailed results 

are not presented here, some of the material is taken into consideration in the chapters of the faunistics 

of the species (see chapter 2). 

 

 

 

Fig. 1-1: Water bodies in Comoé National Park (a, b Kongo River and c, d Pond B) in beginning rainy 
season (a, c) and in dry season (b, d). 
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2. Taxonomy and faunistics of the Dytiscidae and 

Noteridae in Comoé National Park  

 

 

 

The studied region had barely been sampled by taxonomists on aquatic beetles and therefore, 

knowledge on the local species pool of Dytiscidae and Noteridae was very poor. Giving aspects of 

taxonomy and faunistics as well as an inventory of the species of these families this chapter 

contributes to the knowledge of the local species pool in Comoé National Park. For the ecological 

studies in chapter 3, particularly the comprehensive inventory, but also the faunistic considerations of 

species in the study area were very helpful preparatory work. 
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2.1. Laccophilus comoensis n.sp. from Ivory Coast 

This chapter has been published: Pederzani, F. & N. Reintjes (2002) Quaderno di Studi e Notizie di 

Storia Naturale della Romagna 16 suppl.: 35-41. Little modifications were necessary for adoption of 

the publication to the format of this dissertation.  

2.1.1. Abstract 

 Laccophilus comoensis new species from northern Ivory Coast is described and outlined. It 

belongs to the vermiculosus group. The four male specimens of the type series were sampled 

during dry season from both temporary and permanent waters of the Guinea savannah in Comoé 

National Park. The holotype is deposited in the Natural History Museum of Vienna. The new 

species is easily identified by the structure of aedeagus. 

 Key words: Dytiscidae, Laccophilus, Comoé National Park, Ivory Coast, West Africa. 

2.1.2. Riassunto 

 (Laccophilus comoensis n. sp. della Costa d'Avorio) 

 Si descrive Laccophilus comoensis nuova specie della Costa d'Avorio, appartenente al gruppo 

vermiculosus. La serie tipica è formata da quattro esemplari maschi, raccolti durante la stagione 

secca in acque temporanee e permanenti del Parco Nazionale della Comoé, situato nella savana nel 

nord della Costa d'Avorio. L'olotipo è depositato presso il Museo di Storia Naturale di Vienna. La 

specie si distingue soprattutto per i caratteri dell'edeago. 

2.1.3. Introduction  

The following species description is based on material that was collected during studies on the 

faunistics and ecology of water beetles in Comoé National Park, Ivory Coast, conducted by the second 

author. The study area is situated in the Guinea savannah and characterised by a highly seasonal 

climate. Therefore, the majority of water bodies are temporary and dry out during the pronounced dry 

season. A more detailed description of the region is given in Reintjes & Linsenmair (2001). The 

specimens were collected with a dipnet, from the margins (within 1 m) of different waters. 
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2.1.4. Description and discussion 

Laccophilus comoensis n. sp. (Fig. 2.1-1) 

Type material. Comoé National Park, Ivory Coast. Holotype ♂: Comoé River bank at 8°45.236 N, 

3°49.031 W, 4.II.1999, (sample code CB6A). - Paratypes (three specimens). 1 ♂ : pond at 8°50.512 N, 

3°46.274 W, 26.XII.1998, (sample code TB1A); 1 ♂: pond at 8°45.309 N, 3°46.625 W, 2.I.1999, 

(sample code HB2A); 1 ♂: pond at 8°46.373 N, 3°45.957 W, 3.I.1999, (sample code AB1A). 

Holotype and two paratypes in the Natural History Museum of Vienna; 1 paratype (code HB2A) in 

coll. Pederzani. 

Fig. 2.1-1: Laccophilus comoensis n. sp.: 
habitus (last abdominal segments removed). 
Photo by Gabriele Fiumi. 

Body large and not very convex, narrowed 

behind. Length: 4.46 to 4.59 mm; width: 2.48 to 

2.54 mm. Head testaceous with a double darker 

spot behind; in one paratype (code TB1A) also 

clypeus darkened at the middle. Finely, doubly 

reticulated, with the small reticulation more 

impressed. Antennae yellow; palpi reddish. 

Pronotum testaceous with a transverse brownish 

band at the anterior border and a narrow 

brownish margin at the middle of base joining 

two black spots laterally. Very finely, irregularly 

doubly reticulated and finely and sparsely 

punctured. 

Elytra testaceous with a black pattern of 

flexuous irregular lines and vermiculations, 

disappearing anteriorly beside the black suture but leaving traces of three twinned lines at the base, 

and much reduced behind, leaving lighter apical and sub-apical spots. The vermiculations are 

occasionally confluent at the middle to form a wavy transverse dark band. Reticulation double and 

weakly impressed. Small meshes of the elytral network hardly visible on the basal third. Large meshes 

distinct only on the anterior half and occasionally incomplete; elytral surface with punctures at many 

points where large meshes meet, detectable also on the posterior half, where large meshes disappear; 

serial punctures large and rather irregularly arranged. 
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Ventral side yellow with metacoxae and metacoxal process darkened, without a coxal file. Elytral 

epipleura brownish. Legs ferrugineous; metatibial spines bifid at the apex. 

Male with fore and mid tarsi laterally compressed and provided with small suckers. Last visible 

sternite slightly asymmetric, with a sub-basal ridge or tubercle at the middle of the left side; hind 

border emarginate at the sides, pointed in the middle (Fig. 2.1-2). Aedeagus very distinctive: median 

lobe with a post-basal process on the dorsal-left side, obtuse pre-apical tooth (or lamellar process) at 

the right side, projecting pre-apical ridge at the ventral side, and apical indentation; right paramer 

fairly irregular in shape; the apical seta usually inserted at the apex is not detectable; left paramer as in 

Fig. 2.1-2. 

Female unknown. The type material was collected in association with several specimens of 

closely related species. The identification of females should be based on two characters that 

presumably distinguish the n. sp. from the others: large size and weak elytral reticulation with small 

punctures at the intersection of meshes. Unfortunately no specimen was found showing those 

characters. Unless a reliable specimen or a population of pure L. comoensis is found, the identification 

of females is debatable.  

Derivatio nominis. From Comoé National Park, Ivory Coast. 

Habitat. Habitat info is given with reference to the sample code reported in the label of each 

specimen. 

Holotype. CB6A - Bank of Comoé River. Maximal depth within 10 m from sampling site: 150 cm; 

rocks and little mud; pH 8.1 ; conductivity 64 µS; dense stock of Polygonum sp. (Polygonaceae). 

Other Dytiscidae (including other Laccophilus sp.), Noteridae, Hydraenidae, Pleidae, Corixidae 

(Micronectinae), Belostomatidae, Veliidae, Zygoptera and fish present. 

Paratypes.  

TB1A - Shallow pond surrounded by open savannah, approx. 50 m from the margin of dense gallery 

forest accompanying the river Iringou; diameter of pond approx. 20 m, maximal depth 60 cm; muddy 

soil; pH 8.3; conductivity 26 µS; submerse vegetation: Dopatrium cf. junceum (Scrophulariaceae). 

Other Dytiscidae (including other Laccophilus sp.), Noteridae, Hydrophilidae, Gyrinidae, 

Notonectidae, Pleidae, Corixidae (Micronectinae), Zygoptera and fish present.  

HB2A - Pond B in Reintjes & Linsenmair (2001). At the date of sampling, estimated surface approx. 

750 m², maximal depth 55 cm; muddy soil; pH 6.7; conductivity 59 µS; dense submerse vegetation 

(Cyperaceae) at the margins. Other Dytiscidae (including other Laccophilus sp.), Noteridae, 

Hydrophilidae, Haliplidae, Hydraenidae, Notonectidae, Pleidae, Corixidae (Micronectinae), 

Belostomatidae, Veliidae, Anisoptera and Zygoptera present. 
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Fig. 2.1-2: Laccophilus comoensis n. sp., male para ht 
paramere; 4. Left paramere; 5. Last two visibl

type: 2. Penis (a, b, c: three views); 3. Rig
e abdominal segments. 
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AB1A - Pond A in Reintjes & Linsenmair (2001). Surface approx. 6 m², maximal depth 15 cm; muddy 

180 µS; no submerse vegetation. Other Dytiscidae (including other 

Laccophilus sp.), Noteridae, Hydrophilidae, Notonectidae, Anisoptera, Zygoptera, tadpoles and fish 

present. 

Systematic position. Although L. comoensis n. sp. is obscurely reticulated and the double 

reticulation is detectable only at the middle of elytra, it undoubtedly belongs to the vermiculosus group 

of African Laccophilus (Guignot 1959b), grouping species with irregular meshes on pronotum, a 

double reticulation on elytra, a dorsal pattern of irregular wavy black lines and lacking well-delimited 

testaceous markings.  

The new species is distinguishable by its large size, weakly impressed elytral reticulation, distinct 

micro-punctures on pronotum and elytra, and particularly by the structure of the aedeagus. It shares 

the pale colour of head and pronotum and the black elytral pattern of several species, such as remex, 

flaveolus, pampinatus, nodieri, etc.. It is the single African species of the vermiculosus group with a 

postbasal process at the dorsal side of penis; that process is only found in a few species of Guignot's 

variegatus group. 

The vermiculosus group now comprises 23 species in the Afrotropical and Malagasy regions, 

including two subspecies of L. adspersus Boheman. The species of this group are listed below, with 

literature references for species not included in Guignot's key (Table 2.1-1). The list includes also four 

species synonymized after the publication of Guignot (1959b). 

Table 2.1-1: List of species in the Laccophilus vermiculosus group. ° Key in Guignot (1959b); * Key 
in Omer-Cooper (1965). 

adspersus Boheman, 1848  ° * modestus Régimbart, 1895  ° * 

soil; pH 6.8; conductivity 

adspersus nigeriensis Omer-Cooper (Omer-Cooper 
1970) 

nodieri Régimbart, 1895  ° 

adspersus sudanensis Omer-Cooper (Omer-Cooper 
1970) 

olsoufieffi Guignot, 1937  ° 

burgeoni Gschwendtner, 1930  ° pallescens Régimbart, 1903  ° * 
comoensis n. sp. pampinatus Guignot, 1940  ° 
concisus Guignot, 1953  ° * praeteritus Omer-Cooper (Omer-Cooper 1957a) 

= concisus Guignot (Omer-Cooper 1965) 
cyclopis Sharp, 1882  ° * remex Guignot, 1952  ° * 
epinephes Guignot (Guignot 1955d) saegeri Guignot (Guignot 1958) 
espanyoli Hernando (Hernando 1990) simulator Omer-Cooper (Omer-Cooper 1958a) 
evanescens Régimbart, 1895  ° * turbatus Guignot (Guignot 1958) 

= ? concisus Guignot (Omer-Cooper 1965) 
flaveolus Régimbart, 1906  ° * turneri Omer-Cooper (Omer-Cooper 1957a) 

= remex Guignot (Omer-Cooper 1958a) 
irroratus Aubé, 1838  ° vermiculosus Gerstaecker, 1867  ° * 
livens Régimbart, 1895 
= adspersus Boheman (Omer-Cooper 1970) 

vitshumbi Guignot (Guignot 1959a) 

mediocris Guignot, 1952  °  
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2.2. Seventeen records of Noteridae and Dytiscidae new to the Ivory 

Coast, West Africa 

This chapter has been published and is given here as it was printed: Reintjes, N. & F. Pederzani 

(2002) Koleopterologische Rundschau 72: 113-122. Little modifications were necessary for adoption 

of the publication to the format of this dissertation. The records listed are included in the species list 

presented in chapter 2.3. Taxonomic considerations and faunistic notes published or found after the 

date of publication of chapter 2.2 are taken into account in chapter 2.3. For example, a revision of the 

genus Eretes changed the taxonomic valid name of Eretes sticticus to E. griseus. 

2.2.1. Abstract 

 Aquatic beetles in the families Noteridae and Dytiscidae have been collected by the first author 

from waters in the southern part of the Comoé National Park (Ivory Coast, West Africa).  

 Records of 17 species new to the Ivory Coast, including three new for West Africa, are reported 

here. These are Canthydrus koppi WEHNCKE, Hydrocanthus parvulus GSCHWENDTNER, 

Hyphydrus caryerus GUIGNOT and H. signatus SHARP, Hydroglyphus speculum BRUNEAU DE 

MIRÉ & LEGROS, H. intermedius BISTRÖM and H. angularis (KLUG), Yola enigmatica OMER-

COOPER, Yolina chopardi GUIGNOT, Herophydrus sudanensis GUIGNOT, Copelatus epactus 

GUIGNOT, Eretes sticticus (LINNÉ), Hydaticus bivittatus CASTELNAU, Cybister mocquerysi 

RÉGIMBART, C. nigroolivaceus ZIMMERMANN, C. senegalensis AUBÉ and C. buqueti AUBÉ. 

Based on literature data the distribution for each species is given and West African records are 

listed. 

Key words: Coleoptera, Dytiscidae, faunistics, Ivory Coast, West Africa, new records, savannah 

2.2.2. Résumé 

 Des coléoptères aquatiques appartenant aux familles des Noteridae et Dytiscidae ont été collectés 

par le premier auteur dans les eaux de la partie sud du Parc National de la Comoé (Côte d'Ivoire, 

Afrique de l'Ouest).  

 Ce travail document la découverte de 17 espèces nouvelles pour la Côte d'Ivoire, incluant trois 

espèces nouvelles pour l'Afrique de l'Ouest. La liste contient des espèces Canthydrus koppi 

WEHNCKE, Hydrocanthus parvulus GSCHWENDTNER, Hyphydrus caryerus GUIGNOT et H. 

signatus SHARP, Hydroglyphus speculum BRUNEAU DE MIRE & LEGROS, H. intermedius BISTRÖM 

et H. angularis (KLUG), Yola enigmatica OMER-COOPER, Yolina chopardi GUIGNOT, 

Herophydrus sudanensis GUIGNOT, Copelatus epactus GUIGNOT, Eretes sticticus (LINNE), 

Hydaticus bivittatus CASTELNAU, Cybister mocquerysi REGIMBART, C. nigroolivaceus 
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ZIMMERMANN, C. senegalensis AUBE et C. buqueti AUBE. La distribution générale de chaque 

espèce, reposant sur une analyse bibliographique poussée, sera présentée ; elle sera plus 

particulièrement détaillée pour l'Afrique de l'Ouest. 

2.2.3. Introduction 

Afrotropical water beetles of the families Noteridae and Dytiscidae have been subjects for 

taxonomic studies since colonial times. Their faunistics still, however, is relatively unknown. The last 

comprehensive revision of these families in Africa (Guignot 1959b, c, 1961b) gives the species 

distribution as known by the end of the 1950s. However, more detailed information on the distribution 

is indicated only for the less widespread species.  

More or less extensive regional species lists on Noteridae and Dytiscidae in West African 

countries were elaborated for Mauritania (Dekeyser & Villiers 1956; Guignot 1952a, 1955a), Senegal 

(Guignot 1956b, 1961a; Legros 1972), Sierra Leone (Franciscolo & Sanfilippo 1986), Guinea Bissau 

(Nilsson et al. 1995), Burkina Faso and Mali (Guignot 1943), Guinea (Guignot 1955b; Legros 1954; 

Legros 1958) Benin and Togo (Guignot 1952b) and Nigeria (Medler 1980). 

Data on the faunistics of Noteridae and Dytiscidae of the Ivory Coast are given by (Bilardo & 

Pederzani 1978; Forge 1979; Guignot 1943) and are distributed in systematic or taxonomic 

publications (Bilardo & Pederzani 1979; Biström 1979b, 1982, 1983c, 1985, 1986, 1987b, 1988b, 

1988c, 1988d, 1996a; Guignot 1959b, c, 1961b). 

An unpublished literature study of Noteridae and Dytiscidae by the first author for the Ivory 

Coast revealed a total of 162 species. The respective material had been collected in several parts of the 

country, covering the humid tropical south as well as the savannah belt in the north. 

Since 1998 the first author has worked in the Comoé National Park, northern Ivory Coast, 

collecting data on the faunistics and ecology of water beetles. Among West African countries the 

Ivory Coast has received considerable attention from taxonomists working on Noteridae and 

Dytiscidae. Nevertheless, this study revealed another 17 newly recorded species for the Ivory Coast 

including three previously unrecorded species for West Africa. These species are listed below and the 

records are discussed in relation to the species' known distribution. 

2.2.4. Study sites 

The Comoé National Park (08°3'-09°4'N, 003°1'-004°3'W) covers 11,500 km² at an altitude of 

about 250 m a.s.l. and comprises different vegetational zones from Guinea savannah in the south to 

Sudan savannah in the north (Poilecot 1991). The climate is characterised by a long dry season from 

about November to March/April, a mean annual precipitation of 950 mm and an annual average 

temperature between 25°C and 28°C (Linsenmair 1998). Vegetation on the ferruginous soil is of 

savannah-type interspersed with forest islands, while riverine forest borders the large rivers 
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(Porembski 1991). The longest (1,160 km) Ivorian river, the Comoé runs for 230 km from north to 

south through the park. During the rainy season the park is drained by a few rivers and numerous 

creeks and savannah ponds of variable sizes are abundant. Towards the end of the dry season flow 

often ceases even in the Comoé River. The other rivers and creeks desiccate to a great extent or 

entirely like virtually all the ponds (Rödel 2000).  

Different types of waters in the south-west of the National Park were sampled. Most specimens 

reported on here derive from rockpools in the riverbed of the permanent Comoé River (Crp). 

Additional material was sampled in the Kongo River (K). It is one of the major tributaries of the 

Comoé and is bordered by narrow gallery forest. The Lola Creek (L) drains directly into the Comoé 

and has open shrub vegetation along its banks. Three savannah ponds were sampled, two with a rocky 

bottom (Srp) and one with a sandy bottom (Ssp).  

2.2.5. Materials and Methods 

Beetles were collected from 1998 to 2000 during the dry season and the beginning of the rainy 

season. For sampling of the beetles in the rockpools of the Comoé River, the pools were entirely 

emptied, pouring the water through a net (mesh size 500 µm). In the other waters the beetles were 

caught either using dipnets (mesh size 500 µm and 1 mm) or funnel traps. Light trapping near the 

waters (Klt = on a bridge of the Kongo River; Llt = beside the Lola Creek) yielded additional material. 

All specimens were sampled and sorted by the first author. Identification and nomenclature 

followed the most recent revisions (see below the genus names). Determination of species was 

checked by O. Biström (OB), A.N. Nilsson (AN) or F. Pederzani (FP). The number of specimens 

checked, locality and month/year of sampling as well as the taxonomists involved are given in the 

abbreviations following species' names. A collection of all species cited here is deposited in the 

Natural History Museum Vienna. Additional specimens remain in private collections of the authors 

and will be deposited in the research station of the Comoé National Park. 

For purposes of discussion of species distribution, West Africa is defined as the region south of 

the Sahara from Mauritania and Senegal to Niger and Nigeria. Only species that had not yet been 

recorded in the Ivory Coast are listed and all published records for West Africa are cited. Additional 

unpublished records known to the authors are mentioned, if they add to the already published 

distribution. 
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2.2.6. Results and Discussion 

Family Noteridae 

Genus Canthydrus SHARP, 1882 

Species of this genus occur in South-America, Australia, Asia and Africa with one species reaching 

southern Europe (Guignot 1959b). The last revision of this genus is by Guignot (1959b). 

Canthydrus koppi WEHNCKE, 1883 
Material examined and identified by specialists: 1 ex. Crp 2/1999, det. FP. 

Guignot (1959b) gives West Africa as the distribution area of this species. Published records, 

however, only are from Senegal (Guignot 1959b; Legros 1972) and Nigeria (Medler 1980). 

Unpublished records (det. Pederzani, in coll. FP) are from Chad (Bol: light trap, 21 exs., 11/1980, leg. 

Melandri), Cameroon (near Maroua: 15 exs., 7/1979, leg. Onore) and Niger (N'Dounga: light trap, 6 

exs., 8/1980, leg. Leblanc). Additional unpublished material (leg. Endrödy-Younga, det. Wewalka, in 

coll. Wewalka) is from Nigeria (Samaru: light trap, 4 exs., 10/1969) and Ghana (Abundi, 60 km south 

of Ho: 6 exs., 12/1970; Ashanti Region, Kwadaso: light trap, 4 exs., 5/1969; Tamale: light trap, 3 exs. 

8/1970; Nakpanduri, 75 km south of Bawku: light trap, 7 exs. 7/1979; Mole game reserve, Damongo: 

at light, 5 exs., 11/1970). The authors' finding, therefore, fills a gap in the knowledge on the 

distribution of this species. 

Genus Hydrocanthus SAY, 1823 

The African, Oriental and Australian species of this world-wide genus were assigned to the subgenus 

Sternocanthus GUIGNOT, 1948. The last revision of Afrotropical and Madagascan species is by 

Guignot (1959b). 

Hydrocanthus parvulus GSCHWENDTNER, 1930 
Material examined and identified by specialists: 1 ex. Klt 3/1999, det. FP. 

There are a few records from Southern (Omer-Cooper 1957b) and Central Africa (Guignot 1959b; 

Pederzani & Rocchi 1982). In West Africa the species was recorded in Nigeria (Medler 1980). 

Unpublished records (det. Pederzani, in coll. FP) are known from Gabon (Makokou: 10 exs., 8/1983, 

leg. Bilardo). The authors' specimen from the Ivory Coast represents by far the westernmost record of 

this species. 
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Family Dytiscidae 

Subfamily Hydroporinae AUBÉ, 1836 

Genus Hyphydrus ILLIGER, 1802 

The genus comprises about 100 species and is known from Europe, Asia, Australia and Africa 

(Biström 1982). It was last revised by Biström (1982). 

Hyphydrus caryerus GUIGNOT, 1942 
Material examined and identified by specialists: 2 exs. Crp 2/1999, 5 exs. Crp 3/1999, det. OB. 

The species is restricted to Central and West Africa (Biström 1982). In West Africa it is known from 

Senegal, Mali, Guinea, Ghana, Benin and Nigeria (Biström 1982). Beside the authors' recording more 

material is known from about the same latitude in the Ivory Coast (Mankono: 9 exs., 2/1980, leg. 

Evers, det. Wewalka, in coll. Wewalka). 

Hyphydrus signatus SHARP, 1882 
Material examined and identified by specialists: 3 exs. K 3/1998, det. AN. 

The species is widely distributed all-over Africa. From West Africa it is known only from Guinea and 

Sierra Leone (Biström 1982). The record in the Ivory Coast connects the West African records to 

those in Central Africa. 

Genus Hydroglyphus MOTSCHULSKY, 1853 

The 80 species in this genus occur in Europe, Asia, Australia and Africa (Biström 1988b). The 41 

African species were revised by Biström (1986). 

Hydroglyphus speculum BRUNEAU DE MIRE & LEGROS, 1963 
Material examined and identified by specialists: 5 exs. Crp 2/1999, det. OB. 

Only a few records exist from Central and West Africa (Biström 1986). The latter are from Nigeria 

(Biström 1986) and Guinea Bissau (Nilsson et al. 1995). Earlier, but unpublished records of this 

species from the Ivory Coast exist (Mankono: 5 exs., 3/1980, leg. Evers, det. Wewalka, in coll. 

Wewalka). The records in the Ivory Coast lie in-between the published distant West African 

recordings and are a valuable addition to known distribution.  
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Hydroglyphus intermedius BISTRÖM, 1986 
Material examined and identified by specialists: 2 exs. Crp 2/1999, det. OB. 

This Central and West African species was recorded in West Africa in Senegal, Mauritania, Mali, 

Ghana and Nigeria (Biström 1986). Another record in the savannah belt of the Ivory Coast has not yet 

been published (Bandama River: 2 exs., 4/1980, leg. Evers, det. Wewalka, in coll. Wewalka). 

Hydroglyphus angularis (KLUG, 1834) 
Material examined and identified by specialists: 1 ex. K 4/1998, 1 ex. Crp 2/1999, det. OB. 

This species has previously been reported from the North African savannah and desert belt, in West 

Africa from Mauritania, Gambia, Senegal, Mali, Niger, Burkina Faso and Nigeria (Biström 1986) and 

Guinea Bissau (Nilsson et al. 1995). The record in Comoé National Park is the southernmost in West 

Africa. 

Genus Yola GOZIS, 1886 

With one exception the 39 species in this genus are confined to Asia and Africa (Biström 1988b). The 

35 African species were recently treated by Biström (1983c). 

Yola enigmatica OMER-COOPER, 1954 
Material examined and identified by specialists: 4 exs. Crp 3/1999, det. OB. 

This species lives in the savannah belt and is common in West Africa. Known records are from 

Mauritania, Senegal, Gambia, Mali, Burkina Faso, Niger, Nigeria (Biström 1983c) and Guinea Bissau 

(Nilsson et al. 1995). The authors' record in Comoé National Park is located in the Guinea savannah 

and is the southernmost record of the species. 

Genus Yolina GUIGNOT, 1936 

The genus includes nine African species with one species also occurring in SW-Asia (Biström 1988b). 

Determination followed Biström (1983c). 

Yolina chopardi GUIGNOT, 1950 
Material examined and identified by specialists: 1 ex. K 5/1998, 2 exs. Crp 3/1999, det. OB; 1 ex. Srp 5/1998, 

det. AN. 

A species that is largely restricted to West Africa, where it is known from Ghana, Nigeria, Niger and 

probably Sierra Leone (Biström 1983c), Guinea Bissau (Nilsson et al. 1995) and Guinea (Guignot 

1959c). 
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Genus Herophydrus SHARP, 1882 

The genus includes 44 species in the Afrotropical, Oriental, and Palearctic regions (Nilsson 2001). 

Biström & Nilsson (2002) give a taxonomic revision and a cladistic analysis of the 39 African species.  

Herophydrus sudanensis GUIGNOT, 1952 
Material examined and identified by specialists: 4 exs. Crp 3/1999, det. OB. 

Biström & Nilsson (2002) report the species from Guinea-Bissau, Guinea, Mali, Chad, Ghana, Ivory 

Coast (relating to the author’s specimens mentioned above), Nigeria, Sudan and probably Algeria.  

Subfamily Colymbetinae ERICHSON, 1837  

Note: Ruhnau & Brancucci (1984) raised the former tribe Copelatini of the Colymbetinae to subfamily 

level, viz. Copelatinae.  

Genus Copelatus ERICHSON, 1832 

The genus with more than 400 species shows a world-wide distribution. A checklist for the 199 

Afrotropical and Madagascan species of Copelatus known in 1996 with a review of published penis 

drawings is given by Nilsson et al. (1996). Including those described by Bilardo & Rocchi (1999), 

today 208 species are known. 

Copelatus epactus GUIGNOT, 1948 
Material examined and identified by specialists: 1 ex. Llt 2/1999, det. FP. 

The species was reported from Central Africa (Pederzani & Rocchi 1982). There are no published 

records in West Africa, but the authors know unpublished material from Ghana (Tamale: light trap, 3 

exs., 3/1970 and Brong-Ahafo region, Bui: light trap, 5 exs. 11/1965, leg. Endrödy-Younga, det. 

Wewalka, in coll. FP, coll. Mus. Budapest and coll. Wewalka). The here published record in the Ivory 

Coast extends the distribution area of the species further west. 

Subfamily Dytiscinae LEACH, 1817 

Genus Eretes CASTELNAU, 1833 

The genus includes only one species in Australia and one species in all the other biogeographic 

regions (Franciscolo 1979). Larson et al. (2000), however, suggest that all New World specimens 

belong to a third species. 
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Eretes sticticus (LINNÉ, 1767) 
Material examined and identified by specialists: 2 exs. K 4/1998, det. AN; 1 ex. Crp 2/1999, det. FP. 

Although this species is widespread all-over Africa and common in West Africa, namely Mauritania 

(Dekeyser & Villiers 1956; Guignot 1952a, 1955a), Senegal (Legros 1972), Burkina Faso (Guignot 

1943), Niger (Guignot 1950), Nigeria (Medler 1980) and Guinea Bissau (Nilsson et al. 1995), records 

have never been published for the Ivory Coast. Besides this record in Comoé National Park the authors 

know of another unpublished record from the western Ivory Coast (Monts de Dans; 1 ex. 6/1998 leg. 

Moretto, det. Pederzani, in coll. FP). Regarding West Africa, these records are the southernmost of 

this species. 

Genus Hydaticus LEACH, 1817 

About 150 species are known in this world-wide distributed genus (Nilsson et al. 1995). Determination 

followed Guignot (1961b), who revised the 60 African species. 

Hydaticus bivittatus CASTELNAU, 1834 
Material examined and identified by specialists: 1 ex. Crp 3/1999, det. FP. 

The distribution of this species covers the Ethiopian region and Madagascar (Guignot 1961b). In West 

Africa it is known from Senegal (Omer-Cooper 1965), Guinea Bissau (Nilsson et al. 1995), Guinea 

(Guignot 1956b), Burkina Faso (Guignot 1943) and Nigeria (Medler 1980). The authors' record 

extends the known West African distribution further south.  

Genus Cybister CURTIS, 1827 

The genus is largely confined to the Old World tropics and includes about 100 species (Nilsson et al. 

1995). The 48 African species are reviewed by Guignot (1961b). 

Cybister mocquerysi REGIMBART, 1895 
Material examined and identified by specialists: 1 ex. Ssp 5/2000, 1 ex. Srp 6/2000, det. FP. 

The species occurs in Central and West Africa. In the latter records are from Nigeria (Medler 1980), 

Mali, Guinea and Sierra Leone (Guignot 1961a). The authors' record in the Ivory Coast give another 

link between the known west and central African records. 
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Cybister nigroolivaceus ZIMMERMANN, 1928 
Material examined and identified by specialists: 1 ex. Srp 4/2000, det. FP. 

The species is known from Central Africa (Guignot 1961b) and was recorded from West Africa in 

Guinea Bissau (Nilsson et al. 1995). The record in the Ivory Coast confirms the West African 

distribution and links to the Central African records. 

Cybister senegalensis AUBÉ, 1838 
Material examined and identified by specialists: 1 ex. K 3/2000, det. FP. 

The species occurs in entire Africa (Guignot 1961b). In West Africa the only records are from Senegal 

(Legros 1972), Guinea Bissau (Nilsson et al. 1995) and Nigeria (Medler 1980). Further findings in 

West Africa connecting the few known records are likely.  

Cybister buqueti AUBE, 1838 
Material examined and identified by specialists: 1 ex. Srp 4/2000, det. FP. 

Rare in the entire continental Africa (Guignot 1961b), it had not yet been recorded in West Africa. 
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2.3. Noteridae and Dytiscidae of the Comoé National Park, Ivory Coast, 

West Africa 

This chapter is accepted for publication: Reintjes, N. (accepted): Koleopterologische Rundschau 74 

(planned for publication in June 2004). Modifications of the format were necessary for adoption to this 

dissertation. 

2.3.1. Abstract 

 Aquatic beetles in the families Noteridae and Dytiscidae have been collected from waters in the 

southern part of the Comoé National Park (Ivory Coast, West Africa). A total of 12 species of 

Noteridae in 4 genera and 95 species of Dytiscidae in 22 genera were recorded; 30 species are 

reported for the first time from the Ivory Coast. An annoted list of species is presented here. Based 

on literature data the distribution for each species is given and African records with emphasis on 

West Africa are listed. Species richness in Comoé National Park is discussed. 

Key words: Coleoptera, Dytiscidae, Noteridae, faunistics, Comoé National Park, Ivory Coast, West 

Africa, savannah 

2.3.2. Résumé 

 Des coléoptères aquatiques appartenant aux familles des Noteridae et Dytiscidae ont été collectés 

dans les eaux de la partie sud du Parc National de la Comoé (Côte d'Ivoire, Afrique de l'Ouest). Ce 

travail document la découverte de 12 espèces des Noteridae dans 4 genres et 95 espèces des 

Dytiscidae dans 22 genres; 30 espèces sont nouvelles pour la Côte d'Ivoire. Une liste des espèces 

identifiées est presentée ici. La distribution générale de chaque espèce, reposant sur une analyse 

bibliographique poussée, sera présentée ; elle sera plus particulièrement détaillée pour l'Afrique de 

l'Ouest. La richesse des espèces du Parc National de la Comoé est discutée. 

2.3.3. Introduction 

Although considerable efforts have been undertaken on the taxonomy of Afrotropical water 

beetles of the families Noteridae and Dytiscidae, their faunistics are relatilevely unknown. The last 

comprehensive revision of these families in Africa (Guignot 1959b, c, 1961b) gives the species 

distribution as known by the end of the 1950s. However, more detailed information on the distribution 

is indicated only for the less widespread species.  

Regional species lists on Noteridae and Dytiscidae in West African countries were elaborated 

more or less extensively for Mauritania (Dekeyser & Villiers 1956; Guignot 1952a, 1955a), Senegal 

(Guignot 1956b, 1961a; Legros 1972), Sierra Leone (Franciscolo & Sanfilippo 1986, 1990), Guinea 
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Bissau (Nilsson et al. 1995), Burkina Faso and Mali (Guignot 1943), Guinea (Guignot 1955b; Legros 

1954, 1958) Benin and Togo (Guignot 1952b) and Nigeria (Medler 1980). 

Among West African countries the Ivory Coast has received considerable attention from 

taxonomists working on Noteridae and Dytiscidae. Data on the faunistics of Noteridae and Dytiscidae 

of the Ivory Coast are given by Bilardo & Pederzani (1978), Forge (1979), Guignot (1943) and are 

distributed in systematic or taxonomic publications (among others Bilardo & Pederzani 1979; Biström 

1979, 1982, 1983c, 1985, 1986, 1987b, 1988b, c, d, 1996a; Guignot 1959b, c, 1961b).  

Since 1998 the author has worked in the Comoé National Park, northern Ivory Coast, collecting 

data on the faunistics and ecology of water beetles. A prelimnary list of species that had not yet been 

reported from the Ivory Coast was published (Reintjes & Pederzani 2002). In the following paper, all 

the species collected during the study in Comoé National Park are listed. Faunistic information on the 

species' known distribution is gathered from the literature. Species richness of Dytiscidae and 

Noteridae in Comoé NP is discussed. 

2.3.4. Study sites 

For a general description of the Comoé National Park, its climate and aquatic system see chapter 

2.2.4. Different types of waters in the south-west of the National Park were sampled (Fig. 2.3-1). Most 

specimens reported on here derive from rockpools in the riverbed of the permanent Comoé River 

(Crp). Further material was sampled in the Kongo River (KR) and the Lola Creek (LC). The former is 

one of the major tributaries of the Comoé River and is bordered by narrow gallery forest. The latter 

drains directly into the Comoé River and has open shrub vegetation along its banks. Additional beetles 

derive from the main water body of the Comoé River (Coc, Cc), as well as from several temporary 

ponds in the savannah (PondA-C, PondF, PondH, PondK-L, PondN-P) and gallery forest (PondE). 

Moreover, material from a temporary pond on an Inselberg (PondG), from a (in most years) permanent 

pond (PondQ) and from artificial savannah ponds (ArtA-B) is included. Light trapping near Lola 

Creek (LC-lt), Kongo River (KR-lt), Comoé River (Cc-lt) and PondB (PondB-lt) yielded additional 

material. Note that abbreviations of the water bodies were partly changed compared to Reintjes & 

Pederzani (2002): L to LC, K to KR, Ssp to PondC, Srp split into PondG and PondK. 

2.3.5. Materials and Methods 

Beetles were collected from 1998 to 2001 during the dry season and the beginning of the rainy 

season. For sampling of the beetles in the rockpools of the Comoé River, the pools were entirely 

emptied, pouring the water through a net (mesh size 500 µm). In the other waters the beetles were 

caught either using dipnets (mesh size 500 µm and 1 mm) or funnel traps.  
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Fig. 2.3-1: Map of the study area in Comoé National Park. The Comoé research station is close to the 
sample site Cc. Details like dirt roads not comprehensive, no details west of Comoé River. 

 

Species identification followed the most recent revisions and nomenclature is according to 

Nilsson's World Catalogue of Insects (2001). For each genus of Dytiscidae the rough geographic 

distribution and the number of species within the genus are cited from Nilsson (2001). He applies the 

following zoogeographical regions: Afrotropical (AF), Australian (AU), Nearctic (NA), Neotropical 

(NT), Oriental (OR), Pacific (PC) and Palearctic (PL). The last revision covering the genus or at least 

the African portion is given for each genus. 

In order to facilitate retrievement of species within a genus, the species are arranged 

alphabetically. For every species of Dytiscidae the geographic distribution is cited from Nilsson 

(2001). Moreover, it is mentioned, if type material derives from the Ivory Coast. For further discussion 
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of species distribution, West Africa is defined as the region south of the Sahara from Mauritania and 

Senegal to Niger and Nigeria. Published records for West Africa are cited and supplemented by 

records from other African regions, particularly from Central and Eastern Africa. The basis of this list 

are faunistic publications and scattered informations in taxonomic papers. Neither were all 

determinations checked, nor does this list claim to be complete, particularly for regions outside West 

Africa. Species are considered new to the Ivory Coast, if no respective records were found in the 

author's comprehensive literature study. All species that had been mentioned as new to the Ivory Coast 

elsewhere (particularly in Reintjes & Pederzani 2002) based on the material collected in this study, 

are listed here again. 

Determinations of the species listed here were spot checked by O. Biström (OB), A.N. Nilsson 

(AN) or F. Pederzani (FP). The number of specimens checked, locality and month/year of sampling as 

well as the taxonomists involved are given in abbreviations for each species. Note that additional 

material was collected and determined by the author and therefore, only limited conclusions on 

abundance and habitat should be drawn from the given informations. A collection of all species cited 

here is deposited in the Natural History Museum Vienna. Additional specimens remain in the private 

collection of the author.  

 

2.3.6. Results 

Family Noteridae 

Genus: Hydrocoptus MOTSCHULSKY, 1859 
Zoogeographical regions: AF AU OR;  number of species: 17; last revision: Guignot (1959b) 

Hydrocoptus koppi WEHNCKE, 1883 
Material examined by specialists: 2 exs. LC 1/1999, 3 exs. LC 4/1999, 1 ex. LC-lt 5/1999, 31 exs. PondA 

4/1999, 2exs. PondA 5/1999, 4 exs. 1/1999 and 1 ex. 5/1999 PondB, 3 exs. PondF 5/1999, det. FP 

Senegal (Guignot 1961a); Chad (Bruneau de Miré & Legros 1963); Sudan (Guignot 1959b); Guinea 

(Legros 1958); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979); Nigeria (Medler 1980); 

Cameroon (Bilardo 1982); Gabon (Bilardo & Pederzani 1978); Democratic Republik of the Congo 

(Guignot 1959b). 

Hydrocoptus uellensis GUIGNOT, 1953 
Material examined by specialists: 2 exs. LC 12/1998, 2 exs. LC-lt 2/1999, 5 exs. PondA 4/1999, 2 exs. PondB 

5/1999, det. FP 
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Senegal (Guignot 1961a); Nigeria (Medler 1980); Democratic Republik of the Congo (Guignot 

1959b). Reported as Hydrocoptus angolensis Pechet, 1925 from Gabon and Ivory Coast (Bilardo & 

Pederzani 1978, correction based on pers. comm. with F. Pederzani).  

Genus: Synchortus SHARP, 1880-1882 
Zoogeographical regions: AF;  number of species: 8; last revision: Guignot (1959b) 

Synchortus simplex SHARP, 1882 
Material examined by specialists: 2 exs. LC 4/1999, 2 exs. LC 5/1999, det. FP 

Sudan (Guignot 1959b); Nigeria (Medler 1980). New to the Ivory Coast. 

Synchortus sparsus SHARP, 1882 
Material examined by specialists: 2 exs. KR-lt 2/1999, 1 ex. KR-lt 3/1999, 1 ex. PondB 2/1999, 1 ex. PondB 

5/1999, 1 ex. PondF 5/1999, det. FP 

Mauritania, Niger, Sudan, Democratic Republik of the Congo (Guignot 1959b); Senegal (Guignot 

1956b); Gambia (Legros 1972); Ivory Coast, Gabon (Bilardo & Pederzani 1978); Benin (Guignot 

1952b).  

Genus: Canthydrus SHARP, 1880-1882 
Zoogeographical regions: AF OR NT AU;  number of species: approx. 60; last revision: Guignot (1959b) 

Canthydrus bisignatus WEHNCKE, 1883 
Material examined by specialists: 4 exs. Crp 3/1999, det. FP; 1 ex. KR 4/1998 det. AN 

Democratic Republik of the Congo (Guignot 1959b); Guinea (Legros 1958); Ivory Coast (Guignot 

1943); Nigeria (Medler 1980); Gabon (Bilardo & Pederzani 1978). 

Canthydrus irenicus GUIGNOT, 1955 
Material examined by specialists: 1 ex. KR 2/1999, 1 ex. LC 12/1998, 1 ex. LC 1/1999, det. FP 

Senegal, Ivory Coast (Guignot 1955c); Guinea (Rocchi 2000). Type material from Toumodi, Ivory 

Coast. 
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Canthydrus koppi WEHNCKE, 1883 
Material examined by specialists: 1 ex. Crp 2/1999, det. FP 

Senegal (Guignot 1959b, 1961a; Legros 1972); Mauritania (Guignot 1955a); Chad (Bruneau de Miré 

& Legros 1963); Nigeria (Medler 1980). New to the Ivory Coast (see also Reintjes & Pederzani 

2002). 

Canthydrus xanthinus REGIMBART, 1895 
Material examined by specialists: 1 ex. KR 3/1998, 1 ex. KR 4/1998, det. AN; 4 exs. Crp 3/1999, 1 ex. LC 

4/1999, det. FP 

Mauritania, Mali, Sudan, Benin, Democratic Republik of the Congo, Uganda (Guignot 1959b); 

Senegal (Guignot 1959b; Legros 1972); Burkina Faso (Guignot 1943); Chad (Bruneau de Miré & 

Legros 1963); Guinea (Legros 1958); Ivory Coast (Bilardo & Pederzani 1978); Nigeria (Medler 1980). 

Genus: Hydrocanthus SAY, 1825 
Zoogeographical regions: AF NA OR AU;  number of species: 38; last revision: Guignot (1959b) 

Hydrocanthus carbonarius GUIGNOT, 1936 
Material examined by specialists: 3 exs. Crp 3/1999, det. FP 

Senegal, Burkina Faso, Guinea, (Guignot 1959b); Ivory Coast (Forge 1979; Guignot 1959b); Nigeria 

(Medler 1980). 

Hydrocanthus grandis (LAPORTE DE CASTELNAU, 1834) 
Material examined by specialists: 2 exs. LC-lt 5/1999, det. OB 

Mauritania (Guignot 1955a); Senegal (Guignot 1956b); Burkina Faso (Guignot 1943); Chad (Bruneau 

de Miré & Legros 1963); Guinea (Legros 1954); Ivory Coast (Bilardo & Pederzani 1978); Benin 

(Guignot 1952b); Nigeria (Medler 1980); Cameroon (Bilardo 1982); Gabon (Bilardo & Pederzani 

1978); Democratic Republik of the Congo (Guignot 1959b). 

Hydrocanthus micans WEHNCKE, 1883 
Material examined by specialists: 1 ex. LC 4/1998, 1 ex. LC-lt 4/1998, det. AN; 5 exs. Crp 3/1999, det. FP 

Senegal (Guignot 1956b; Legros 1972); Burkina Faso (Guignot 1943); Guinea (Legros 1958); Ivory 

Coast (Bilardo & Pederzani 1978; Forge 1979); Benin (Guignot 1952b); Nigeria (Medler 1980); 

Gabon (Bilardo & Pederzani 1978). 
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Hydrocanthus parvulus GSCHWENDTNER, 1930 
Material examined by specialists: 1 ex. KR-lt 3/1999, det. FP 

Nigeria (Medler 1980); Cameroon, Democratic Republik of the Congo, Zimbabwe (Guignot 1959b). 

New to the Ivory Coast (see also Reintjes & Pederzani 2002). 

Family Dytiscidae 

Genus: Copelatus ERICHSON, 1832 
Zoogeographical regions: AF AU NA NT OR PL;  number of species: 468; last revision: Guignot (1961b) and 

Nilsson et al. (1996) 

Copelatus crassus REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. ArtB 3/1999, 2 exs. ArtB 4/1999, det. FP 

Senegal, Mali, Ivory Coast, Democratic Republik of the Congo, Uganda, (Guignot 1961b); Guinea 

Bissau (Nilsson et al. 1995). 

Copelatus epactus GUIGNOT, 1948 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC-lt 2/1999, det. FP 

Democratic Republik of the Congo (Guignot 1961b). New to the Ivory Coast (see also Reintjes & 

Pederzani 2002). 

Copelatus erichsonii GUERIN-MENEVILLE, 1849 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. KR 3/1998, 1 ex. KR 5/1998 det. AN 

Cape Verde, Democratic Republik of the Congo (Guignot 1961b); Ethiopia (Guignot 1961b; Nilsson 

& Persson 1993); Ivory Coast (Forge 1979). 

Copelatus nigrostriatus REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 7 exs. KR 2/1999, 3 exs. KR 3/1999, 4 exs. PondE 4/1999, det. FP 

Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Bilardo & Pederzani 1978); Nigeria (Guignot 

1961b; Medler 1980); Togo, Benin, Gabon, Democratic Republik of the Congo, Angola (Guignot 

1961b). 
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Copelatus sylvaticus GUIGNOT, 1952 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. KR 5/1998, 2 exs. KR 4/1998, det. AN; 3 exs. PondB-lt 4/1999, det. FP 

Senegal (Guignot 1956b); Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Bilardo & Pederzani 

1978; Forge 1979); Cameroon (Bilardo 1982; Guignot 1961b); Gabon (Bilardo & Pederzani 1978); 

Democratic Republik of the Congo, Uganda (Guignot 1961b). 

Copelatus togoensis REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. KR 4/1998, 1 ex. KR 5/1999, det. AN; 1 ex. KR 1/1999, 2 exs. KR 
2/1999, det. FP 

Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979); Nigeria 

(Medler 1980); Guinea, Togo, Benin, Democratic Republik of the Congo, Uganda (Guignot 1961b). 

Genus: Rhantaticus SHARP, 1882 
Zoogeographical regions: AF AU OR PL;  number of species: 1; last revision: Guignot (1961b) 

Rhantaticus congestus (KLUG, 1833) 
Zoogeographical regions: AF AU OR PL 

Material examined by specialists: 2 exs. KR 4/1998, det. AN; 1 ex. Crp 2/1999, 1 ex. Crp 3/1999, det. FP 

Mauritania (Dekeyser & Villiers 1956; Guignot 1952a); Senegal (Legros 1972; Nilsson 2001); Mali, 

Burkina Faso (Guignot 1943); Niger (Guignot 1950); Chad (Bruneau de Miré & Legros 1963); Sudan 

(Biström 1979a); Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Ivory Coast 

(Bilardo & Pederzani 1978; Forge 1979); Benin (Guignot 1952b); Nigeria (Medler 1980); Cameroon 

(Bilardo 1982); Gabon (Bilardo & Pederzani 1978); Madagascar (Nilsson 2001). 

Genus: Cybister CURTIS, 1827 
Zoogeographical regions: AF AU NA NT OR PL;  number of species: 102; last revision: Guignot (1961b) 

Cybister bimaculatus AUBÉ, 1838 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. PondB 6/2000, det. FP 

Senegal, Guinea, Democratic Republik of the Congo (Guignot 1961b); Ivory Coast (Forge 1979); 

Nigeria (Medler 1980; Omer-Cooper 1967). 
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Cybister buqueti AUBE, 1838 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondK 4/2000, det. FP 

Senegal, Mozambique (Guignot 1961b); Uganda, Democratic Republik of the Congo, Sudan, 

Zimbabwe (Omer-Cooper 1965). New to the Ivory Coast (see also Reintjes & Pederzani 2002). 

Cybister gschwendtneri GUIGNOT, 1935 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondB 4/1999, det. FP 

Mauritania (Dekeyser & Villiers 1956; Guignot 1952a); Mali, Burkina Faso (Guignot 1943); Ethiopia 

(Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Omer-Cooper 1965); 

Benin (Guignot 1952b); Nigeria (Medler 1980); Uganda, Tanzania, Angola, Mozambique (Nilsson 

2001).  

Cybister immarginatus (FABRICIUS, 1794) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondH 4/2001, 1 ex. PondQ 2/2001, det. FP 

Senegal, Democratic Republik of the Congo (Guignot 1961b); Guinea Bissau (Nilsson et al. 1995); 

Nigeria (Medler 1980); Guinea, Togo, Ivory Coast, Cameroon, Kenya, Tanzania, Zanzibar, 

Democratic Republik of the Congo, Angola, Mozambique, South Africa (Omer-Cooper 1965).  

Cybister marginicollis BOHEMAN, 1848 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC-lt 3/1999, det. FP 

Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson 2001; Nilsson et al. 1995); Guinea 

(Legros 1954); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979); Benin (Guignot 1952b); Nigeria 

(Medler 1980); Cameroon (Bilardo 1982); Gabon (Bilardo & Pederzani 1978; Nilsson 2001); 

Tanzania, South Africa, Mozambique, Madagascar (Nilsson 2001).  

Cybister mocquerysi RÉGIMBART, 1895 (Fig. 2.3-2g) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondC 5/2000, 1 ex. PondK 6/2000, det. FP 

Nigeria (Medler 1980); Mali, Guinea, Sierra Leone, Democratic Republik of the Congo, Mozambique 

(Guignot 1961b). New to the Ivory Coast (see also Reintjes & Pederzani 2002).  
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Cybister senegalensis AUBÉ, 1838 (Fig. 2.3-2e) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. KR 3/2000, det. FP 

Senegal (Legros 1972); Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); 

Nigeria (Medler 1980); Gabon (Guignot 1961b). New to the Ivory Coast (see also Reintjes & 

Pederzani 2002).  

Cybister tripunctatus (OLIVIER, 1795) (Fig. 2.3-2f) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondK 6/2000, det. FP 

Senegal (Legros 1972); Niger (Guignot 1950); Chad (Bruneau de Miré & Legros 1963); Ethiopia 

(Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Forge 1979); Nigeria 

(Medler 1980); Gabon (Bilardo & Pederzani 1978). 

Cybister vicinus ZIMMERMANN, 1917 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. light at camp 3/1999, det. FP 

Senegal (Legros 1972); Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Forge 1979); Cameroon 

(Bilardo 1982); Gabon (Bilardo & Pederzani 1978); Uganda, Kenya, Tanzania, Zambia, Zimbabwe, 

Botswana, Mozambique, Swaziland, South Africa (Biström 1983b). 

Cybister vulneratus KLUG, 1834 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. LC 3/1999, 1 ex. PondK 4/2000, det. FP 

Chad (Bruneau de Miré & Legros 1963); Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson 

et al. 1995); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979); Nigeria (Medler 1980); Cameroon 

(Bilardo 1982); Gabon (Bilardo & Pederzani 1978). 

Cybister zimmermanni MOUCHAMPS, 1957 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondK 4/2000, 1ex. PondQ 2/2001, det. FP 

These specimen had been identified as C. nigroolivaceus Zimmermann, 1928, sensu GUIGNOT 1961b 

(nec C. smaragdinus Régimbart, 1895 sensu MOUCHAMPS, 1957) and the record was published 

(Reintjes & Pederzani 2002). Further study showed the specimen belong to C. zimmermanni. Ivory 

Coast (Mouchamps 1957). 



2.3. Species list of Noteridae and Dytiscidae in Comoé National Park 35

Genus: Eretes LAPORTE DE CASTELNAU, 1833 
Zoogeographical regions: AF AU NA NT OR PL;  number of species: 4; last revision: Miller (2002) 

Eretes griseus (FABRICIUS, 1781) 
Zoogeographical regions: AF OR PL 

Material examined by specialists: 2 exs. KR 4/1998, det. AN; 1 ex. Crp 2/1999, det. FP. 

Specimen were reported as Eretes sticticus (Linnaeus, 1767) sensu GUIGNOT 1961b (Reintjes & 

Pederzani 2002). Following the recent revision, it is assigned to E. griseus.  

Mauritania (Dekeyser & Villiers 1956; Guignot 1952a, 1955a); Cape Verde (Nilsson 2001); Senegal 

(Legros 1972); Burkina Faso (Guignot 1943); Niger (Guignot 1950); Chad (Bruneau de Miré & 

Legros 1963); Sudan (Biström 1979a; Nilsson 2001); Ethiopia (Nilsson & Persson 1993); Guinea 

Bissau (Nilsson et al. 1995); Nigeria (Medler 1980); Madagascar, Mauritius (Biström 1979a). New to 

the Ivory Coast (see also Reintjes & Pederzani 2002). 

Genus: Hydaticus LEACH, 1817 
Zoogeographical regions: AF AU NA NT OR PC PL;  number of species: 135; last revision: Guignot (1961b) 

Hydaticus bivittatus LAPORTE DE CASTELNAU, 1835 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. Crp 3/1999, 1ex. PondO 4/2000, det. FP 

Senegal (Guignot 1956b; Nilsson 2001; Omer-Cooper 1965); Burkina Faso (Guignot 1943); Sudan 

(Biström 1979a); Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Nigeria 

(Medler 1980). New to the Ivory Coast (see also Reintjes & Pederzani 2002). 

Hydaticus dorsiger AUBÉ, 1838 (Fig. 2.3-2b) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. LC-lt 4/1998, det. AN; 1 ex. Crp 2/1999, det. FP 

Senegal (Guignot 1961b; Legros 1972); Mali, Burkina Faso, Niger (Guignot 1943); Ethiopia (Nilsson 

& Persson 1993); Guinea Bissau (Nilsson et al. 1995); Guinea (Guignot 1961b); Ivory Coast (Forge 

1979; Guignot 1943); Benin (Guignot 1952b); Nigeria (Medler 1980). 

Hydaticus exclamationis AUBE, 1838 (Fig. 2.3-2c) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. Crp 2/1999, det. FP 
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Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Guinea (Legros 1954; Legros 

1958); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979); Benin (Guignot 1952b); Nigeria (Medler 

1980); Gabon (Bilardo & Pederzani 1978). 

Hydaticus flavolineatus BOHEMAN, 1848 (Fig. 2.3-2a) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. KR 3/2000, det. FP 

Senegal (Guignot 1956b); Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); 

Ivory Coast (Forge 1979); Nigeria (Medler 1980). 

Hydaticus leander (ROSSI, 1790) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. PondQ 4/2001, 1 ex. PondN 2/2001, det. FP 

Mauritania (Guignot 1955a); Senegal (Legros 1972); Benin (Guignot 1952b); Nigeria (Medler 1980). 

New to the Ivory Coast. 

Hydaticus matruelis CLARK, 1864 (Fig. 2.3-2d) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. LC-lt 4/1998, det. AN; 1 ex. Crp 2/1999, det. FP 

Niger (Nilsson 2001); Ethiopia (Nilsson & Persson 1993); Guinea (Legros 1954, 1958); Ivory Coast 

(Bilardo & Pederzani 1978; Forge 1979); Benin (Guignot 1952b); Nigeria (Medler 1980); Cameroon 

(Bilardo 1982); Gabon (Bilardo & Pederzani 1978); Democratic Republik of the Congo, Zimbabwe 

(Nilsson 2001).  

Hydaticus vitticollis RÉGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondQ 2/2001, 1 ex. 6/2000 PondO, det. FP 

Senegal (Nilsson 2001); Guinea (Legros 1954); Ivory Coast (Forge 1979); Nigeria (Medler 1980); 

Cameroon, Democratic Republik of the Congo, Tanzania (Guignot 1961b).  

Genus: Bidessus SHARP, 1882 
Zoogeographical regions: AF PL;  number of species: 50; last revision: Biström (1985) 

Bidessus pergranulum BISTRÖM, 1985 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. Crp 3/1999, det. OB 
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Senegal, Guinea, Ivory Coast, Nigeria, Gabon, Democratic Republik of the Congo, Tanzania (Biström 

1985); Guinea Bissau (Nilsson et al. 1995); Central African Republic (Biström 1988a).  

Bidessus sodalis GUIGNOT, 1939 
Zoogeographical regions: AF 

Material examined by specialists: 2 exs. Crp 3/1999, 2 exs. LC 4/1998, det. OB 

Mali, Burkina Faso, Chad, Sudan, Ghana, Nigeria, Cameroon, Democratic Republik of the Congo, 

Tanzania, Malawi (Biström 1985); Gambia, Uganda (Biström & Sanfilippo 1986); Guinea Bissau 

(Nilsson et al. 1995); Ivory Coast (Omer-Cooper 1979); Central African Republic (Biström 1988a); 

Ethiopia (Nilsson & Persson 1993).  

Bidessus toumodiensis GUIGNOT, 1939 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. Crp 3/1999, det. OB 

Ivory Coast, Ghana, Nigeria, Cameroon, Democratic Republik of the Congo, Tanzani, Zimbabwe 

(Biström 1985); Ethiopia (Biström 1988a; Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 

1995); Liberia, Angola (Biström 1988a). Type material from Toumodi, Ivory Coast.  

Genus: Clypeodytes REGIMBART, 1894 
Zoogeographical regions: AF AU OR PL;  number of species: 36; last revision: Biström (1988d) 

Clypeodytes bedeli REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 7 exs. Crp 3/1999, 2 exs. KR 3/1998, 1 ex. PondB 4/1999, det. OB 

Senegal, Gambia, Mali, Chad, Sudan, Ivory Coast, Ghana, Nigeria, Cameroon, Central African 

Republic, Democratic Republik of the Congo, Malawi, Zimbabwe (Biström 1988d); Guinea Bissau 

(Nilsson et al. 1995); Uganda, Kenya (Guignot 1959c; Omer-Cooper 1959).  

Clypeodytes cribrosus (SCHAUM, 1864) 
Zoogeographical regions: AF PL 

Material examined by specialists: 3 exs. KR 3/1998, 1 ex. LC 4/1999, det. OB 

Egypt, Senegal, Mali, Burkina Faso, Niger, Chad, Sudan, Ivory Coast, Nigeria, Gabon (Biström 

1988d); Ethiopia (Nilsson & Persson 1993); Malawi, Zimbabwe (Omer-Cooper 1959).  
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Clypeodytes meridionalis RÉGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 8 exs. LC 1/1999, 17 exs. LC 2/1999, 15 exs. LC 3/1999, det. OB 

Nigeria, Cameroon, Central African Republic, Democratic Republik of the Congo, Uganda, Kenya, 

Tanzania, Ruanda, Angola, Zambia, Malawi, Zimbabwe, Namibia, Botswana, South Africa (Biström 

1988d); Ethiopia (Biström 1988d; Nilsson & Persson 1993). New to the Ivory Coast. 

Clypeodytes proditus GUIGNOT, 1942 
Zoogeographical regions: AF 

Material examined by specialists: 2 ex. KR 3/1998, det. OB 

Chad, Guinea, Ivory Coast, Nigeria, Cameroon, Central African Republic, Democratic Republik of the 

Congo (Biström 1988d); Sudan (Omer-Cooper 1959); Malawi, Zimbabwe (Omer-Cooper 1959). Type 

material from Toumodi, Ivory Coast. 

Genus: Hydroglyphus MOTSCHULSKY, 1853 
Zoogeographical regions: AF AU OR PL;  number of species: 87; last revision: Biström (1986) 

Hydroglyphus angularis (KLUG, 1834) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. Crp 2/1999, 1 ex. KR 4/1998, det. OB 

Algeria, Tunesia, Egypt, Mauritania, Senegal, Gambia, Mali, Burkina Faso, Niger, Chad, Sudan, 

Djibouti, Nigeria, Cameroon, Central African Republic, Uganda (Biström 1986); Marocco, 

Democratic Republik of the Congo (Guignot 1959c); Ethiopia (Biström 1986; Nilsson & Persson 

1993); Guinea Bissau (Nilsson et al. 1995). New to the Ivory Coast (see also Reintjes & Pederzani 

2002). 

Hydroglyphus confusus (KLUG, 1834) 
Zoogeographical regions: AF PL 

Material examined by specialists: 4 exs. KR 4/1998, 1 ex. LC 4/1998, det. OB 

Tunesia, Egypt, Mauritania, Senegal, Gambia, Mali, Burkina Faso, Niger, Chad, Sudan, Djibouti, 

Somalia, Guinea, Ivory Coast, Nigeria, Cameeroon, Central African Republic (Biström 1986); 

Ethiopia (Biström 1986; Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995). 
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Hydroglyphus dakarensis (RÉGIMBART, 1895) 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. Crp 2/1999, 3 exs. KR 4/1998, 1 ex. LC 4/1998, det. OB 

Mauritania, Senegal, Gambia, Mali, Burkina Faso, Sudan, Guinea, Sierra Leone, Ivory Coast, Ghana, 

Benin, Togo, Nigeria, Central African Republic, Democratic Republik of the Congo, Republik of the 

Congo, Uganda, Angola, Zambia, Malawi, Simbabwe (Biström 1986); Guinea Bissau (Nilsson et al. 

1995).    

Hydroglyphus flavoguttatus (REGIMBART, 1895) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. Crp 3/1999, 1 ex. LC 1/1999, det. OB 

Mauritania, Senegal, Gambia, Mali, Burkina Faso, Chad, Sudan, Guinea, Ivory Coast, Ghana, Nigeria, 

Cameroon, Central African Republic, Gabon, Democratic Republik of the Congo, Uganda, Kenya, 

Tanzania, Angola, Zambia, Malawi, Zimbabwe, Namibia, Botswana, Mozambique, Madagascar 

(Biström 1986); Ethiopia (Biström 1986; Nilsson & Persson 1993); Guinea Bissau (Biström 1986; 

Nilsson et al. 1995). 

Hydroglyphus intermedius BISTRÖM, 1986 
Zoogeographical regions: AF 

Material examined by specialists: 2 exs. Crp 2/1999, det. OB 

Mauritania, Senegal, Mali, Chad, Ghana, Nigeria, Cameroon, Central African Republic (Biström 

1986). New to the Ivory Coast (see also Reintjes & Pederzani 2002). 

Hydroglyphus speculum (BRUNEAU DE MIRE & LEGROS, 1963) 
Zoogeographical regions: AF 

Material examined by specialists: 5 exs. Crp 2/1999, det. OB 

Chad, Sudan, Nigeria, Central African Republic, Democratic Republik of the Congo (Biström 1986); 

Guinea Bissau (Nilsson et al. 1995). New to the Ivory Coast (see also Reintjes & Pederzani 2002). 

Genus: Leiodytes GUIGNOT, 1936 
Zoogeographical regions: AF OR PL;  number of species: 28; last revision: Biström (1987b) 

Leiodytes demoulini (GUIGNOT, 1955) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 4/1998, det. OB 
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Sengal, Mali, Sudan, Ivory Coast, Cameroon, Central African Republic, Democratic Republik of the 

Congo (Biström 1987b); Guinea Bissau (Nilsson et al. 1995); Nigeria (Medler 1980). 

Leiodytes evanescens (BOHEMAN, 1848) 
Zoogeographical regions: AF 

Material examined by specialists: 6 exs. Crp 2/1999, 3 exs. Crp 3/1999, 3 exs. KR 3/1998, det. OB 

Chad, Sudan, Liberia, Ghana, Nigeria, Cameroon, Central African Republic, Democratic Republik of 

the Congo, Uganda, Kenya, Tanzania, Angola, Zambia, Malawi, Zimbabwe, Namibia, Botswana, 

South Africa, Lesotho, Mozambique (Biström 1987b); Senegal (Guignot 1961a); Mali (Guignot 1943; 

Omer-Cooper 1959); Ethiopia (Guignot 1959b; Nilsson & Persson 1993); Ivory Coast (Bilardo & 

Pederzani 1978; Guignot 1943; Omer-Cooper 1959); Republik of the Congo (Pederzani & Rocchi 

1982); Swaziland (Omer-Cooper 1959). 

Leiodytes hieroglyphicus (RÉGIMBART, 1894) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 4/1998, 5 exs. LC 1/1999, 6 exs. LC 2/1999, det. OB 

Senegal, Burkina Faso, Sudan, Ethiopia, Nigeria, Cameroon, Central African Republic, Gabon, 

Democratic Republik of the Congo, Uganda, Angola, Zambia, Malawi, Zimbabwe, Namibia, South 

Africa, Mozambique (Biström 1987b); Mali (Guignot 1943); Ethiopia (Guignot 1959b; Nilsson & 

Persson 1993); Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Bilardo & Pederzani 1978). 

Genus: Platydytes BISTRÖM, 1988 
Zoogeographical regions: AF;  number of species: 4; last revision: Biström (1988b) 

Platydytes coarctaticollis (RÉGIMBART, 1894) 
Zoogeographical regions: AF 

Material examined by specialists: 32 exs. LC 1/1999, 8 exs. LC 2/1999, 3 exs. LC 3/1999, det. OB 

Senegal, Sudan, Ivory Coast, Ghana, Cameroon, Gabon, South Africa (Biström 1988b). 

Genus: Pseuduvarus BISTRÖM, 1988 
Zoogeographical regions: AF OR PL;  number of species: 1; last revision: Biström (1988b) 

Pseuduvarus vitticollis (BOHEMAN, 1848) 
Zoogeographical regions: AF OR PL 

Material examined by specialists: 4 exs. Crp 3/1999, 1 ex. KR 3/1998, det. OB 
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Senegal, Chad, Ethiopia, Liberia, Ivory Coast, Ghana, Benin, Nigeria, Cameroon, Central African 

Republic, Gabon, Democratic Republik of the Congo, Republik of the Congo, Uganda, Kenya, 

Tanzania, Angola, Zambia, Malawi, Zimbabwe, Namibia, South Africa, Swaziland, Madagascar, 

Reunion (Biström 1988b); Ethiopia (Biström 1988b; Nilsson & Persson 1993); Guinea Bissau 

(Nilsson et al. 1995); Burkina Faso, Mauritius (Omer-Cooper 1959, 1965). 

Genus: Uvarus GUIGNOT, 1939 
Zoogeographical regions: AF AU NA NT OR;  number of species: 58; last revision: Biström (1988c) 

Uvarus angustulus BISTRÖM, 1988 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. KR 1/1999, 6 ex. KR 2/1999, 1 ex. KR 4/1999, det. OB 

Senegal, Ghana, Nigeria (Biström 1988c). New to the Ivory Coast. 

Uvarus baoulicus (GUIGNOT, 1939) 
Zoogeographical regions: AF 

Material examined by specialists: 5 exs. LC 3/1999, 2 exs. LC 5/1999, det. OB 

Senegal, Gambia, Chad, Sudan, Ivory Coast, Ghana, Nigeria, Cameroon, Democratic Republik of the 

Congo, Angola (Biström 1988c); Guinea Bissau (Nilsson et al. 1995); Gabon (Bilardo & Pederzani 

1978); Uganda, Kenya, Malawi, South Africa (Omer-Cooper 1965). Type material from Toumodi, 

Ivory Coast. 

Uvarus retiarius (GUIGNOT, 1939) 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. Crp 3/1999, 2 exs. KR 3/1998, 2 exs. KR 5/1998, det. OB 

Senegal, Gambia, Burkina Faso, Ivory Coast, Ghana, Nigeria (Biström 1988c); Guinea Bissau 

(Nilsson et al. 1995); Democratic Republik of the Congo (Guignot 1959c). 

Uvarus venustulus (GSCHWENDTNER, 1933) 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 1/1999, det. OB 

Guinea, Ghana, Nigeria, Cameroon, Democratic Republik of the Congo, Tanzania (Biström 1988c); 

Angola (Ferreira 1967). New to the Ivory Coast. 
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Genus: Yola GOZIS, 1886 
Zoogeographical regions: AF OR PL;  number of species: 43; last revision: Biström (1983c) 

Yola cuspis BILARDO & PEDERZANI, 1978 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. Crp 3/1999, det. OB 

Mauritania, Senegal, Gambia, Mali, Burkina Faso, Ivory Coast, Ghana, Benin, Nigeria, Cameroon 

(Biström 1983c); Niger (Biström 1987c; Guignot 1943); Guinea Bissau (Biström 1983c; Nilsson et al. 

1995); Liberia (Biström 1995); Gabon (Biström 1987c); Malawi (Omer-Cooper 1959).  

Yola enigmatica OMER-COOPER, 1954 
Zoogeographical regions: AF PL 

Material examined by specialists: 4 exs. Crp 3/1999, det. OB 

Mauritania, Senegal, Gambia, Mali, Burkina Faso, Niger Sudan, Ethiopia, Djibouti, Nigeria, 

Cameroon (Biström 1983c); Chad (Biström 1984a; Bruneau de Miré & Legros 1963); Guinea Bissau 

(Nilsson et al. 1995). New to the Ivory Coast (see also Reintjes & Pederzani 2002). 

Yola mocquerysi (REGIMBART, 1894) 
Zoogeographical regions: AF 

Material examined by specialists: 4 exs. Crp 3/1999, 1ex. KR 3/1998, 1 ex. KR 4/1998, 1 ex. LC 4/1998, det. 
OB 

Senegal, Mali, Burkina Faso, Chad, Sudan, Ivory Coast, Ghana, Benin, Nigeria,Cameroon, 

Democratic Republik of the Congo (Biström 1983c); Mauritania (Guignot 1952a, 1955a). 

Yola nigrosignata REGIMBART, 1895 (Fig. 2.3-2h) 
Zoogeographical regions: AF 

Material examined by specialists: 4 exs. Crp 2/1999, 2 exs. KR 4/1998, 1 ex. LC 5/1998, det. OB 

Senegal, Gambia, Mali, Sudan, Ivory Coast, Ghana, Benin, Nigeria, Central African Republic, 

Democratic Republik of the Congo, Republik of the Congo, Uganda, Zimbabwe (Biström 1983c); 

Algeria (Biström 1987c); Niger (Guignot 1943); Guinea Bissau (Nilsson et al. 1995). 
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Genus: Yolina GUIGNOT, 1936 
Zoogeographical regions: AF PL;  number of species: 12; last revision: Biström (1983c) 

Yolina chopardi (GUIGNOT, 1950) 
Zoogeographical regions: AF 

Material examined by specialists: 2 exs. Crp 3/1999, 1 ex. KR 5/1998, det. OB; 1 ex. PondG 5/1998, det. AN 

Niger, Sierra Leone, Ghana, Nigeria, Cameroon, Gabon (Biström 1983c); Mauritania (Dekeyser & 

Villiers 1956; Guignot 1952a); Senegal (Guignot 1956b); Guinea Bissau (Nilsson et al. 1995); Guinea 

(Guignot 1959c); Malawi, Zimbabwe (Omer-Cooper 1959). New to the Ivory Coast (see also Reintjes 

& Pederzani 2002). 

Genus: Peschetius GUIGNOT, 1942 
Zoogeographical regions: AF OR;  number of species: 9; last revision: Biström & Nilsson (2003) 

Peschetius parvus OMER-COOPER, 1970 
Zoogeographical regions: AF 

Material examined by specialists: 9 exs. LC 1/1999, 4 exs. LC 2/1999, 8 exs. LC 4/1999, 1 ex. LC 5/1999, 1 ex. 
LC-lt 5/1999, det. OB 

Guinea Bissau, Mali, Ivory Coast, Nigeria, Cameroon (Biström & Nilsson 2003).  

Genus: Hydrovatus MOTSCHULSKY, 1853 
Zoogeographical regions: AF AU NA NT OR PC PL;  number of species: 204; last revision: Biström (1996a) 

Hydrovatus abraeoides RÉGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 1/1999, det. OB 

Senegal, Gambia, Ghana, Nigeria, Gabon, Democratic Republik of the Congo, Malawi, South Africa 

(Biström 1996a). New to the Ivory Coast. 

Hydrovatus balneator GUIGNOT, 1954 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondA 5/1999, 1 ex. PondB 5/1999, det. OB 

Senegal, Burkina Faso, Chad, Sudan, Guinea Bissau, Ghana, Nigeria, (Biström 1996a); Gabon 

(Bilardo & Pederzani 1978); Ivory Coast (Biström 1996b). 
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Hydrovatus brevipilis GUIGNOT, 1942 
Zoogeographical regions: AF 

Material examined by specialists: 2 exs. LC 4/1999, det. OB 

Senegal, Gambia, Mali, Chad, Sudan, Guinea Bissau, Guinea, Ivory Coast, Ghana, Benin, Nigeria, 

Gabon, Democratic Republik of the Congo, Angola, Zimbabwe, Namibia (Biström 1996a).  

Hydrovatus facetus GUIGNOT, 1942 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 4/1999, det. OB 

Gambia, Chad, Benin, Democratic Republik of the Congo, Kenya, Zimbabwe (Biström 1996a); 

Botswana (Bilardo & Rocchi 1987); Swaziland (Omer-Cooper 1958c). New to the Ivory Coast. 

Hydrovatus gabonicus REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 2 exs. LC 3/1999, 1 ex. LC 4/1999, 7 exs. LC 5/1999, 1 ex. LC-lt 5/1999, 2 
exs. PondA 4/1999, det. OB 

Senegal, Gambia, Chad, Sudan, Guinea Bissau, Benin, Nigeria, Gabon, Democratic Republik of the 

Congo, Ruanda (Biström 1996a). Reported as H. macrocerus Régimbart, 1895 from Ivory Coast 

(Bilardo & Pederzani 1978, correction based on pers. comm. with F. Pederzani).  

Hydrovatus insolitus GUIGNOT, 1948 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondA 4/1999, det. OB 

Senegal, Gambia, Mali, Chad, Sudan, Guinea Bissau, Guinea, Ivory Coast, Benin, Nigeria, 

Democratic Republik of the Congo, Angola, Botswana (Biström 1996a); Gabon (Bilardo & Pederzani 

1978); Republik of the Congo (Pederzani & Rocchi 1982).  

Hydrovatus oblongipennis RÉGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondB 5/1999, det. OB 

Senegal, Sudan, Ethiopia, Ghana, Nigeria, Cameroon, Central African Republic, Equatorial Guinea, 

Democratic Republik of the Congo, Uganda, Tanzania, Angola, Zambia, Malawi, South Africa, 

Mozambique (Biström 1996a); Ivory Coast (Bilardo & Pederzani 1978); Benin, Gabon (Guignot 

1959c); Republik of the Congo (Pederzani & Rocchi 1982). 
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Hydrovatus occidentalis GUIGNOT, 1949 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 1/1999, 1 ex. LC 4/1999, det. OB 

Senegal, Sudan, Guinea Bissau, Ghana, Central African Republic (Biström 1996a). New to the Ivory 

Coast. 

Hydrovatus parallelipennis REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC-lt 5/1999, 1 ex. PondA 4/1999, 3 ex. PondA 5/1999, det. OB 

Sudan, Sierra Leone, Ivory Coast, Ghana, Nigeria, Central African Republic, Angola, Madagascar 

(Biström 1996a); Gabon (Guignot 1959c); Republik of the Congo (Pederzani & Rocchi 1982). 

Hydrovatus parvulus REGIMBART, 1899 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 12/1998, 4 exs. LC 4/1999, 1 ex. PondB 4/1999, det. OB 

Senegal, Gambia, Chad, Sudan, Ethiopia, Guinea, Ivory Coast, Ghana, Nigeria, Cameroon, Equatorial 

Guinea, Gabon, Democratic Republik of the Congo, Republik of the Congo, Tanzania, Madagascar 

(Biström 1996a); Kenya (Zimmermann 1926); Botswana (Bilardo & Rocchi 1987).   

Hydrovatus pictulus SHARP, 1882 
Zoogeographical regions: AF 

Material examined by specialists: 6 exs. LC 1/1999, 2 exs. PondB 4/1999, det. OB 

Mali, Ghana, Central African Republic, Kenya, Tanzania, Angola, Zimbabwe, Namibia, Botswana, 

Swaziland, Madagascar (Biström 1996a); Sudan (Guignot 1959c); Republik of the Congo (Omer-

Cooper 1965); Malawi (Omer-Cooper 1958c); South Africa (Omer-Cooper 1963). New to the Ivory 

Coast. 

Hydrovatus pulcher GSCHWENTNER, 1934 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondA 5/1999, 6 exs. PondB 5/1999, det. OB 

Guinea, Ghana, Democratic Republik of the Congo, Republik of the Congo, Uganda, Tanzania, 

Angola, Zimbabwe (Biström 1996a); Ivory Coast (Bilardo & Pederzani 1978); Cameroon (Biström 

1996b). 
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Hydrovatus regimbarti ZIMMERMANN, 1919 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. Crp 2/1999, det. OB 

Senegal, Gambia, Mali, Burkina Faso, Sudan, Guinea Bissau, Guinea, Ghana, Benin, Nigeria, 

Cameroon, Democratic Republik of the Congo, Republik of the Congo, Tanzania, Namibia, Botswana 

(Biström 1996a); Ethiopia (Guignot 1959c; Nilsson & Persson 1993); Ivory Coast (Bilardo & 

Pederzani 1978; Guignot 1945); Malawi (Omer-Cooper 1963). 

Hydrovatus reticuliceps RÉGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. Crp 2/1999, 2 exs. LC 3/1999, 5 exs. LC 5/1999, det. OB 

Gambia, Chad, Sudan, Ethiopia, Guinea Bissau, Guinea, Ivory Coast, Ghana, Benin, Nigeria, 

Cameroon, Gabon, Democratic Republik of the Congo, Republik of the Congo, Tanzani, Angola, 

Malawi, Namibia (Biström 1996a); Senegal (Guignot 1961a); Zambia (Pederzani 1988); Zimbabwe 

(Guignot 1959c); Botswana (Bilardo & Rocchi 1987); Mozambique (Omer-Cooper 1956). 

Hydrovatus senegalensis RÉGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. KR 3/1999, 3 exs. LC 1/1999, 3 exs. LC 2/1999, 1 ex. LC 3/1999, 11 
exs. LC 5/1999, 3 exs. PondA 4/1999, 1 ex. PondB 4/1999, det. OB 

Senegal, Gambia, Chad, Sudan, Benin, Nigeria, Democratic Republik of the Congo, Tanzania, 

Zambia, Malawi, Zimbabwe, Botswana, Swaziland, Mozambique (Biström 1996a); Mali (Guignot 

1956a); Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Bilardo & Pederzani 1978); Kenya 

(Balfour-Browne 1939). 

Hydrovatus suturalis BILARDO & PEDERZANI, 1978 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 4/1999, 1 ex. LC 5/1999, det. OB 

Gambia, Chad, Sudan, Guinea Bissau, Ivory Coast, Benin, Nigeria, Democratic Republik of the Congo 

(Biström 1996a). Type material from Toumodi, Ivory Coast. 
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Genus: Herophydrus SHARP, 1882 
Zoogeographical regions: AF OR PL;  number of species: 44; last revision: Biström & Nilsson (2002) 

Herophydrus sudanensis GUIGNOT, 1952 
Zoogeographical regions: AF 

Material examined by specialists: 4 exs. Crp 3/1999, det. OB 

Algeria, Mali, Chad, Sudan, Guinea Bissau, Guinea, Ivory Coast, Ghana, Nigeria (Biström & Nilsson 

2002). For the Ivory Coast Biström & Nilsson refer to the material from Comoé NP mentioned here. 

The species was new to the Ivory Coast (see also Reintjes & Pederzani 2002). 

Genus: Heterhydrus FAIRMAIRE, 1869 
Zoogeographical regions: AF PL;  number of species: 5; last revision: Guignot (1959c) 

Heterhydrus senegalensis (LAPORTE DE CASTELNAU, 1835) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. LC 5/1999, det. OB 

Chad (Bruneau de Miré & Legros 1963); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979; 

Guignot 1959c); Nigeria (Medler 1980); Gabon (Bilardo & Pederzani 1978); Egypt, Senegal, 

Democratic Republik of the Congo (Guignot 1959c). 

Genus: Hyphydrus ILLIGER, 1802 
Zoogeographical regions: AF AU OR PL;  number of species: 133; last revision: Biström (1982) 

Hyphydrus caryerus GUIGNOT, 1942 
Zoogeographical regions: AF 

Material examined by specialists: 2 exs. Crp 2/1999, 5 exs. Crp 3/1999, 2 exs. LC 1/1999, det. OB 

Senegal, Mali, Chad, Sudan, Guinea, Ghana, Benin, Nigeria, Cameroon, Central African Republic, 

Democratic Republik of the Congo (Biström 1982). New to the Ivory Coast (see also Reintjes & 

Pederzani 2002). 

Hyphydrus grandis LAPORTE DE CASTELNAU, 1835 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. KR 5/1999, 1 ex. PondF 5/1999, det. OB 
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Egypt, Senegal, Gambia, Chad, Sudan, Ivory Coast, Benin, Nigeria, Cameroon, Gabon (Biström 

1982); Mauritania (Guignot 1955a, 1959c); Mali (Guignot 1956a; Omer-Cooper 1971); Ethiopia 

(Biström 1982; Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Democratic Republik 

of the Congo (Biström 1982, 1987a). 

Hyphydrus impressus KLUG, 1833 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. KR 3/1998, 2 exs. LC 4/1998, det. AN; 3 exs. Crp 2/1999, 2 exs. Crp 
3/1999, det. OB 

Senegal, Gambia, Mali, Burkina Faso, Chad, Sudan, Somalia, Ivory Coast, Ghana, Benin, Nigeria, 

Cameroon, Democratic Republik of the Congo, Uganda, Kenya, Tanzania, Angola, Zimbabwe, 

Namibia, Botswana, South Africa, Mozambique, Madagascar, Mauritius (Biström 1982); Ethiopia 

(Biström 1982; Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Liberia (Biström 

1983a); Republik of the Congo (Guignot 1959c); Zambia (Biström 1987a); Malawi (Biström 1983a; 

Omer-Cooper 1958b); Swaziland (Omer-Cooper 1958b); Seychelles (Guignot 1959c; Omer-Cooper 

1958b).  

Hyphydrus lasiosternus GUIGNOT, 1942 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 1/1999, 1 ex. LC 5/1999, 2 exs. PondE 4/1999, 4 exs. PondE 5/1999, 
det. OB 

Guinea, Ivory Coast, Ghana, Republik of the Congo (Biström 1982); Central African Republic 

(Biström 1984b). Type material from Toumodi, Ivory Coast. 

Hyphydrus maculatus BABINGTON, 1841 
Zoogeographical regions: AF PL 

Material examined by specialists: 3 exs. Crp 3/1999, 3 exs. LC 1/1999, 2 exs. PondA 1/1999, det. OB 

Algeria, Mauritania, Cape Verde, Senegal, Gambia, Mali, Niger, Chad, Sudan, Somalia, Guinea, 

Sierra Leone, Ivory Coast, Benin, Nigeria, Cameroon, Central African Republic, Democratic Republik 

of the Congo, Kenya (Biström 1982); Ethiopia (Biström 1982; Nilsson & Persson 1993); Guinea 

Bissau (Nilsson et al. 1995).  

Hyphydrus parvicollis SHARP, 1882 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. Cal 3/2000, 1 ex. KR 4/1999, 1 ex. PondP, det. OB 

Sudan, Ivory Coast, Nigeria, Gabon, Democratic Republik of the Congo, Uganda, Tanzania, Angola, 

Zambia, Botswana (Biström 1982); Senegal (Guignot 1956b); Guinea (Biström 1984a; Legros 1954); 
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Guinea Bissau (Biström 1987a; Nilsson et al. 1995); Burkina Faso (Guignot 1943, 1952b); Benin, 

Republik of the Congo, Zimbabwe (Guignot 1952b); Cameroon (Biström 1981b); Central African 

Republik (Biström 1984b); Ethiopia (Biström 1982; Nilsson & Persson 1993); Malawi (Omer-Cooper 

1958b); Namibia (Biström 1987a). 

Hyphydrus signatus SHARP, 1882 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. KR 3/1998, det. AN 

Guinea, Sierra Leone, Democratic Republik of the Congo, Republik of the Congo, Uganda, Kenya, 

Tanzania, Ruanda, Angola, Zambia, Zimbabwe, Namibia, Botswana, South Africa, Mozambique 

(Biström 1982); Ethiopia (Biström 1982; Nilsson & Persson 1993); Cameroon (Legros 1949); Gabon 

(Bilardo & Pederzani 1978); Malawi (Omer-Cooper 1965); Swaziland (Omer-Cooper 1958b). New to 

the Ivory Coast (see also Reintjes & Pederzani 2002). 

Genus: Methles SHARP, 1882 
Zoogeographical regions: AF OR PL;  number of species: 7; last revision: Guignot (1959c) 

Methles cribatellus (FAIRMAIRE, 1880) 
Zoogeographical regions: AF PL 

Material examined by specialists: 1 ex. PondA 4/1999, 11 exs. PondA 5/1999, 2 exs. PondB 1/1999, 3 exs. 
PondB 4/1999, 3 exs. PondB 5/1999, det. FP 

Algeria, Ghana, (Nilsson 2001); Senegal (Guignot 1956b); Gambia (Legros 1972); Chad (Bruneau de 

Miré & Legros 1963); Sudan, Democratic Republik of the Congo, Madagascar, Mauritius (Guignot 

1959c); Ethiopia (Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); Guinea (Legros 

1958); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979); Nigeria (Medler 1980; Nilsson 2001); 

Cameroon (Bilardo 1982); Gabon (Bilardo & Pederzani 1978).  

Genus: Derovatellus SHARP, 1882 
Zoogeographical regions: AF NA NT OR;  number of species: 38; last revision: Biström (1979b) 

Derovatellus ater BILARDO & PEDERZANI, 1978 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 3/1999, 6 exs. LC 5/1999, det. OB 

Senegal (Biström 1981a); Ivory Coast (Bilardo & Pederzani 1978; Biström 1979b); Ghana. Nigeria 

(Biström 1979b). Type material from Toumodi, Ivory Coast. 
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Derovatellus dagombae BISTRÖM, 1979 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 3/1999, 2 exs. LC 5/1999, det. OB 

Senegal (Biström 1981a); Ghana (Biström 1979b). New to the Ivory Coast. 

Genus: Laccophilus LEACH, 1815 
Zoogeographical regions: AF AU NA NT OR PL;  number of species: 254; last revision: Guignot (1959b) 

 

Laccophilus adspersus BOHEMAN, 1848 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 2/1999, 1 ex. PondE 1/1999, det. FP 

Ethiopia, Democratic Republik of the Congo (Guignot 1959b); Nigeria (Medler 1980). New to the 

Ivory Coast. 

Laccophilus comoensis PEDERZANI & REINTJES, 2002 
Material examined by specialists: 1 ex. Cc 2/1999, 1 ex. KR 12/1998, 2 exs. KR 2/1999, 3 exs. PondA 1/1999, 1 

ex. PondA 5/1999, 2 exs. PondB 1/1999, 2 exs. PondB 4/1999, 4 exs. PondC 12/1998, 2 exs. ArtA 3/1999, 
1 ex. ArtA 4/1999 

New species described from the material collected in Comoé National Park (Pederzani & Reintjes 

2002). 

Laccophilus congener OMER-COOPER, 1957 
Zoogeographical regions: AF 

Material examined by specialists: 7 exs. Crp 3/1999, 2 exs. PondA 4/1999, 1 ex. PondB 1/1999, 1 ex. PondB 
4/1999, 1 ex. PondF 1/1999, 1 ex. PondL 5/1999, det. FP 

Senegal, Mali, Ivory Coast, Democratic Republik of the Congo, Uganda, Zimbabwe (Guignot 1959b); 

Guinea Bissau (Nilsson et al. 1995); Benin (Guignot 1952b); Nigeria (Medler 1980); Gabon (Bilardo 

& Pederzani 1978); South Africa (Nilsson 2001).  

Laccophilus epinephes GUIGNOT, 1955 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. LC 2/1999, 1 ex. PondA 1/1999, 1 ex. PondB 4/1999, 8 exs. PondB 
5/1999, 1 ex. PondF 4/1999, 7 exs. PondF 5/1999, det.FP 

Nigeria (Medler 1980); Democratic Republik of the Congo (Nilsson 2001). New to the Ivory Coast. 
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Laccophilus evanescens REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. Cc 1/1999, 1 ex. KR 1/1999, 1 ex. KR 4/1999, 1 ex. KR-lt 1/1999, 1 ex. 
KR-lt 2/1999, det. FP 

Mauritania, Sudan, Ethiopia, Democratic Republik of the Congo (Guignot 1959b); Senegal (Guignot 

1956a; Legros 1972); Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Bilardo & Pederzani 1978; 

Guignot 1959b). 

Laccophilus inornatus ZIMMERMANN, 1926 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. Cc-lt 4/1999, 5 exs. KR 1/1999, 2 exs. KR-lt 1/1999, 1 ex. KR-lt 2/1999, 
5 exs. KR-lt 5/1999, det. FP 

Guinea, Ivory Coast, Democratic Republik of the Congo, Tanzania (Guignot 1959b); Senegal 

(Guignot 1961a); Chad (Bruneau de Miré & Legros 1963); Ethiopia (Nilsson & Persson 1993); Guinea 

Bissau (Nilsson et al. 1995); Nigeria (Medler 1980); Cameroon (Bilardo 1982); Gabon (Bilardo & 

Pederzani 1978); Malawi (Nilsson 2001). 

Laccophilus laeticulus REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. KR 12/1998, 2 exs. KR 1/1999, 4 exs. KR-lt 3/1999, det. FP 

Sierra Leone, Ivory Coast, Democratic Republik of the Congo (Guignot 1959b); Guinea Bissau 

(Nilsson et al. 1995); Mali (Guignot 1943); Guinea (Nilsson 2001); Nigeria (Medler 1980). 

Laccophilus mediocris GUIGNOT, 1952 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. KR 4/1998, det. AN; 3 exs. Crp 2/1999, 2 exs. KR 1/1999, 1 ex. KR 
2/1999, 3 ex. KR-lt 3/1999, 4 exs. LC 2/1999, 1 ex. LC 4/1999, 1ex. PondE 1/1999, det. FP 

Mali, Democratic Republik of the Congo (Guignot 1959b); Guinea Bissau (Nilsson et al. 1995); 

Guinea (Legros 1954, 1958); Ivory Coast (Bilardo & Pederzani 1978; Guignot 1959b); Nigeria 

(Medler 1980). Type material from Toumodi, Ivory Coast. 

Laccophilus modestus REGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 16 exs. Crp 2/1999, 8 exs. Crp 3/1999, 2 exs. Cc-lt 2/1999, 4 exs. PondB 
1/1999, 1 ex. PondB 4/1999, 5 exs. KR 1/1999, 3 exs. KR 2/1999, 1 ex. KR-lt 2/1999, 1 ex. KR-lt 3/1999, 1 
ex. KR-lt 4/1999, 7 exs. LC 2/1999, 9 exs. LC 3/1999, 1 ex. PondF 4/1999, 1 ex. PondL 4/1999, det. FP 
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Senegal (Guignot 1961a; Legros 1972); Mali (Nilsson 2001); Ethiopia (Nilsson & Persson 1993); 

Guinea Bissau (Nilsson et al. 1995); Ivory Coast (Forge 1979); Benin (Guignot 1952b); Nigeria 

(Medler 1980); Gabon (Bilardo & Pederzani 1978; Nilsson 2001). 

Laccophilus nodieri RÉGIMBART, 1895 
Zoogeographical regions: AF 

Material examined by specialists: 3 exs. Crp 2/1999, 6 exs. Crp 3/1999, 1 ex. KR 12/1998, 1 ex. KR 2/1999, 1 
ex. LC 1/1999, 2 exs. LC 2/1999, 8 exs. LC 3/1999, 4 exs. PondH 4/1999, det. FP 

Senegal, Democratic Republik of the Congo (Guignot 1959b); Mali (Nilsson 2001); Chad (Bruneau de 

Miré & Legros 1963); Sudan (Biström 1979a); Ivory Coast (Bilardo & Pederzani 1978); Nigeria 

(Medler 1980). 

Laccophilus pallescens REGIMBART, 1903 
Zoogeographical regions: AF 

Material examined by specialists: 11 exs. Crp 3/1999, 2 exs. KR 12/1998, 9 exs. KR 1/1999, 11 exs. KR 2/1999, 
2 exs. LC 2/1999, det. FP 

Mali, Benin, Democratic Republik of the Congo, Botswana, Madagascar (Guignot 1959b); Burkina 

Faso (Guignot 1943); Guinea (Legros 1958); Ivory Coast (Bilardo & Pederzani 1978; Forge 1979; 

Guignot 1959b); Nigeria (Medler 1980). 

Laccophilus taeniolatus REGIMBART, 1889 
Zoogeographical regions: AF 

Material examined by specialists: 6 exs. Crp 3/1999, 1 ex. PondB 4/1999, 1 ex. ArtA 4/1999, 2 exs. ArtB 
4/1999, 1 ex. PondF 4/1999, det. FP 

Mauritania, Democratic Republik of the Congo (Guignot 1959b); Senegal (Guignot 1959b; Legros 

1972); Mali, Burkina Faso, Niger, Ivory Coast (Guignot 1943); Chad (Bruneau de Miré & Legros 

1963); Ethiopia (Guignot 1959b; Nilsson & Persson 1993); Guinea Bissau (Nilsson et al. 1995); 

Nigeria (Medler 1980). 

Laccophilus vermiculosus GERSTAECKER, 1867 
Zoogeographical regions: AF 

Material examined by specialists: 1 ex. PondB 4/1999, 1 ex. LC 3/1999, 2 exs. LC 4/1999, det. FP 

Senegal, Democratic Republik of the Congo (Guignot 1959b); Guinea (Legros 1958); Ivory Coast 

(Forge 1979); Benin (Guignot 1952b); Gabon (Bilardo & Pederzani 1978; Guignot 1959b); Kenya 

(Nilsson 2001). 
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2.3.7. Discussion 

In this list, species only were included, if determination was checked by an acknowledged 

specialist. Although misidentifications never can be completely excluded, these determinations have a 

very high credibility. Since taxonomic analysis is a long-term task, the beetles collected in the study 

will be subject of taxonomic considerations for a long time to come. Therefore, it is likely that the 

continuous taxonomic processing of the material will yield additional results. 

Although the sampling for this study was very comprehensive, most probably, some additional 

species occur in Comoé National Park. This assumption is based on the following considerations: (1) 

The vast majority of waters sampled were located in the savannah. Extending the studies of water 

bodies to the gallery forest and forest islands might yield additional species. (2) This study covered 

only the dry season and beginning rainy season. Species will have been missed, if they are not 

prevalent in the study area as adults within this period. (3) The sampled waters all were within a 

relatively small area in the Guinea savannah close to the Comoé River. The savannah in Comoé 

National Park, however, continues some hundred kilometers east of the Comoé River. In the northern 

part, vegetation type changes to Sudan savannah. It is to expect that additional species adapted to drier 

habitats are to be found in the eastern and / or northern part of Comoé National Park. 

Despite these restrictions, a total of 12 species in the family of Noteridae and 95 species of 

Dytiscidae were identified, including 30 species not yet reported from the Ivory Coast. Although the 

Ivory Coast has received comparatively much attention of taxonomist (according to African 

standards), a species list for the country is not available. An unpublished literature study revealed 162 

species plus the new species reported here. Species lists are available only for a few West African 

countries and certainly are far from being complete. They rather indicate that the region needs more 

attention. 

The most comprehensive study of Dytiscidae in West Africa was done in Guinea Bissau (Nilsson 

et al. 1995). Guinea Bissau comprises an area of about 35,700 km² and covers different ecological 

zones from coastal swamps to savannah habitats. The three years comprehensive collection covering 

almost the entire country yielded 101 species of Dytiscidae.  

Thus, in the small study area within Comoé National Park approximately as many species of 

Dytiscidae were found as in the entire diverse country of Guinea Bissau. One reason may be that the 

total number of specimen collected in Comoé National Park was by a factor of roughly 4 higher. 

Another explanation, however, is that the differing number of species is not a sampling artefact, but 

reflects the very high biodiversity of Comoé National Park. High species diversity in Comoé National 

Park has been found in several vertebrate taxa (Fischer et al. 2002; Rödel et al. 1999; Salewski & 

Baierlein 1997) and insects (Adlbauer 2000; Fahr 1998). In Comoé National Park several ecoregions 

meet. From the South to the North the Guinea savannah turns to the drier Sudan savannah. Gallery 
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forests along the larger rivers run through both savannah types. These extrazonal forest vegetation can 

host species with their main distribution in more humid habitats.  

This habitat diversity is reflected in the diversity of Dytiscidae and Noteridae found in the area. The 

list includes species with a wide distribution throughout Africa (e.g. Hydroglyphus dakarensis). 

Several species, however, have their gross distribution in the drier savannah habitats (e.g. Eretes 

griseus, Hydroglyphus angularis, Hydrovatus balneator), whereas others are usually found in the 

humid tropics (e.g. Bidessus pergranulum). The high biodiversity in Comoé National Park motivates 

for further efforts in research as well as in habitat conservation measures. 
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Fig. 2.3-2: Photographs of some of the species recorded in Comoé National Park. Note: pictures have 
different scales. Species' body size in brackets (cited from Biström 1983c and Guignot 1961b). 
a) Hydaticus flavolineatus (18-20.5mm); b) Hydaticus dorsiger (11-14.5mm); c) Hydaticus 
exclamationis (13-15mm); d) Hydaticus matruelis (11-14.2mm); e) Cybister senegalensis (17-
21mm); f) Cybister tripunctatus (23-32mm); g) Cybister mocquerysi (28-32mm); h) Yola 
nigrosignata (2.3-2.8mm). 
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3. What to do if your habitat disappears? An approach 

to life-history traits of Dytiscidae and Noteridae in a 

West African savannah habitat 

 

 

 

 

 

 

Rocky area in the riverbed of the Comoé River in Comoé National Park  during dry season. 
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3.1. Survival strategies of Dytiscidae and Noteridae in the highly seasonal 

aquatic environment of a West African savannah, studied by an 

inventory during dry and beginning rainy season  

3.1.1. Abstract 

 Water bodies in Comoé National Park, Ivory Coast, were sampled for Dytiscidae and Noteridae 

during dry season and beginning rainy season. The pronounced dry season provokes desiccation of 

the majority of the savannah waters. The study aimed at compiling an inventory of the species 

present in the area and at examining whether adult Dytiscidae and Noteridae are prevalent in water 

bodies during dry season. Conclusions on the life-history of the beetles are drawn from the 

temporal pattern of presence.  

 Semi-quantitative sampling (dipnet) of water bodies in seven sample periods between December 

31st 1998 and May 21st 1999 yielded 33,705 individuals in 72 species and 26 genera. More than 

half of the individuals were Uvarus retiarius. Other numerically important species were 

Hydroglyphus gr. dak., Leiodytes evanescens and Clypeodytes sp.. Fifty species occurred only 

sporadically (<0.32% each). In all sample periods, i.e. throughout the entire study period, 

Noteridae and / or Dytiscidae were recorded. The number of species per period was between 36 

and 58. Nineteen species were recorded in all, 12 in all but one sample period.  

 It is concluded that in Comoé National Park a) the populations of the recorded species at least 

partly pass the dry season as adults and b) aquatic habitats serve as a refuge for aestivation of 

these adult beetles. 

3.1.2. Introduction 

Although the value of temporary waters for scientific research (e.g. Williams 1996) as well as for 

conservational issues (e.g. Williams 1997) is increasingly accepted, their ecology is – compared to 

permanent waters – little known (Schwartz & Jenkins 2000). 

Temporary water bodies by definition have a period in which no free water is available. 

Desiccation of their habitat is the major challenge for aquatic organisms inhabiting them and 

represents intense natural selection for the evolution of adaptations that allows them to cope with 

(Wiggins et al. 1980; Williams 1996). Aquatic organisms must either be dormant until conditions 

permit activity again or move to other habitats (Batzer 1996; Schwartz & Jenkins 2000). The dry 

phase may be bridged in different life-history stages. Many aquatic animals have drought resistant 

eggs or cysts (e.g. most crustaceans), others pass the dry period as larvae or pupae (many insects) or 

survive as adults (e.g. clams and snails, many insects) (Williams 1987). The habitat for passing the dry 
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period can be the dry basin of the temporary water, a terrestrial environment or a perennial aquatic 

habitat (Wiggins et al. 1980). Among aquatic insects the modes of bridging the unfavourable period 

encloses resistant eggs (Ephemeroptera, some Diptera), resistant larvae or nymphs (some Diptera, 

Trichoptera, Odonata) and adults leaving for other aquatic habitats (Heteroptera, Coleoptera) 

(Williams 1987). Aquatic beetles survive desiccation of their habitat as resistant egg, semi-terrestrial 

pupa, burrowing adult or as adult leaving for permanent water bodies (Williams 1987). Diving beetles 

have developed a number of life-history strategies. Unfavourable seasons are passed in different life 

stages and habitats (among others Boulton 1989; Braasch 1989; Galewski 1964; Garcia et al. 1990; 

Hicks & Larson 1995). The strategy employed may differ considerably between species, even within 

the same genus (Nilsson 1986). This knowledge on the life-history of Dytiscidae derives from studies 

in the temperate or subtropical zone, namely Australia (Boulton 1989), North America (Garcia et al. 

1990; Hicks & Larson 1995) and Europe (Galewski 1964; Nilsson 1986). No such results are 

published for African Dytiscidae. 

This study addressed the question, which mode(s) of aestivation the resident species of Dytiscidae 

and Noteridae adopt in the highly seasonal aquatic system in the West African savannah, characterised 

by a high proportion of temporary water bodies. Pilot studies in Comoé National Park, Ivory Coast, 

showed a high abundance and species richness of Dytiscidae and Noteridae in these temporary waters 

(N. Reintjes, unpubl. data). If the entire population of a given species survives the dry season in a 

dormant life-history stage (e.g. egg or pupa) outside the water bodies, beetles should leave the waters 

at the latest at the beginning of the dry season. Adults would not be prevalent in the remaining water 

bodies at least for some time during dry season. If in contrast at least parts of the populations survive 

as adults in permanent water bodies, in the few waters existing in dry season adult beetles should be 

found. Sampling throughout the dry and the beginning rainy season tests whether and of which species 

adults are present in the water bodies during this period. 

3.1.3. Study sites 

For a general description of the Comoé National Park, its climate and aquatic system see chapter 

2.2.4. Four sites, a river, a creek and two ephemeral ponds, were monitored intensely (focal waters) 

during the study (Fig. 3.1-1). The Kongo River is one of the major affluents of the Comoé. Its riverbed 

is approximately 20 metres wide and is bordered by narrow gallery forest. The Lola Creek drains 

directly into the Comoé River, has a width of 2-5 metres and open shrub vegetation along its banks. 

The two studied ponds are situated in the open savannah. Pond A is smaller (maximum about 300 m², 

0.4 m deep) than Pond B (maximum about 1,500 m², 1.5 m deep). The vegetation of Pond A is 

characterised by Poaceae that of Pond B by Cyperaceae at its margins and Nymphaceae in the centre. 

A further ten additional water bodies situated in the savannah and gallery forests as well as the main 

body of the Comoé River were sampled. Differing in major habitat characteristics, these water bodies 

covered a wide range of water body types.  
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Water levels during the dry season and beginning of the rainy season are strongly governed by 

erratic precipitation. Logger at the Comoé research station (Fig. 3.1-1) recorded the temperature 

(Campbell 50Y Temperature) and precipitation (Campbell ARG Tip Bucket Raingauge). Between 

January 1st and May 21st temperature dropped during the nights to a mean minimal of 21.0°C (1st 

quartile 15.8°C; 3rd quartile 22.3°C), and rose to a mean maximum of 37.9°C (1st quartile 36.4°C; 3rd 

quartile 39.0°C) during the day (Fig. 3.1-2). The total amount of precipitation was 339 mm. In 1999, 

the rains occurred unusually early (the first rains in February (total 63 mm)). These early rains were to 

a great extent absorbed by the dry soil. Following precipitation in the middle of March (total 45 mm), 

small water bodies were formed but the majority of these disappeared within a short time. Heavy rain 

at the end of March (29th: 70 mm) entirely filled savannah ponds and allowed the rivers and creeks to 

flow.  

The studied water bodies shrank in the course of the dry season and, with the exception of the 

Kongo and Comoé Rivers, disappeared entirely (Fig. 3.1-3). In the Kongo River several pools 

persisted throughout the study period. The Lola Creek was completely desiccated from weeks 8 to 11, 

Pond A from weeks 1 to 13 and Pond B from weeks 8 to 10 and 12 to 13. After the heavy rain at the 

end of March the sampled ponds were filled to capacity and the rivers and the creek resumed flow. 

 

Fig. 3.1-1: Map of the study area in Comoé National Park with water bodies sampled in the inventory 
study. Focal waters were Pond A and Pond B as well as sections of Lola Creek and Kongo 
River. The Comoé research station is close to the sample site Cc. Details like dirt roads are 
not comprehensive and  no details west of the Comoé River are given.  
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Fig. 3.1-2: Climate at the Comoé research station from January 1st to May 21st 1999. Daily minimum 
(Tmin) and maximum (Tmax) temperature and precipitation (Prec). Note: precipitation often 
occurred at night. When covering midnight, the amount is split accordingly to the two dates. 

 

F
ig. 3.1-3: Water levels and sampling schedule in the focal waters of the inventory study. Dashed bar 
- no surface water; thin bar - surface water available, thick bar - creek or river flowing. The 
thin line above the bars indicate the sampling periods. Number of samples and definition of 
sampling periods in Table 3.1-1. 

 

MayApr MarchFebJan 
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Kongo-River 
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3.1.4. Material and Methods 

Beetles were sampled using a 30 cm wide triangular dip-net with 500 µm mesh size. The net was 

moved rigorously back and forth in shallow areas over a stretch of one metre three times at each 

sampling station. Larger beetles like Dytiscinae were hand collected from the net, smaller ones like 

collected using an exhaustor after having spread the debris on a large white sheet. 

 

per site was 

etermined according to surface area. Additional sites in the focal waters as well as additional waters 

For

h num duals, however, some

established, enclosing si lar and closely related species (Table 3.1-2). For the sis 

istics these species e sa  way ue spe s. Determinations were 

ked by taxonomists. Specim s remain in the private collection of the author, but a reference 

n will be deposited he Nat l Histo useu Vienna

Hydroporinae were 

This procedure was repeated twice in the same stretch. The beetles were preserved in 70% alcohol for

further study. 

For the focal sites stretches were selected and then sampled between December 31st 1998 and 

May 21st 1999 in approximately three weeks intervals. The number of samples taken 

d

were sampled in an approximately six week interval. This sampling regime resulted in a total of 116 

samples, of which 89 samples were in the focal waters (Table 3.1-1). 

 the vast majority of specimens determination was to species level, following the most recent 

revisions (see chapter 2.3). To cope 

s were 

with the hig ber of indivi  species 

ygroup mi anal

and stat groups were treated in th me as tr cie

spot chec en

collectio  at t ura ry M m . 

Statistical methods 

The estimated total species ness w  calcul  by extrapolatio roced  apply software 

me EstimateS 6.0b1 (Colwell 2000). The estimators were Chao1 (abundance-based estimator 

and ICE

ber of sa tion of 
the water bodies s .4. The stud is split in 7 temporal periods: period I 31.12.-
12.1.; period II 2.-5-2.; period III 20.-27.2.; period IV 14.-22.3.; period .4.; period 

 peri 5.. 

rich as ated n p ures ing the 

program

of species richness, (Chao 1984)), Chao2 (incidence-based estimator of species richness, (Chao 1987)) 

 (Incidence-based Coverage Estimator of species richness, (Lee & Chao 1994)).  

 

Table 3.1-1: Num mples in the water bodies 
ee chapter 3.1

taken in the inventory study. For a descrip
y 

 V 30.3.-13
VI 29.4.-3.5.; od VII 15.-21.

Water body I II III IV V VI VII Sum 
Lola 2 4 5 7 5 8 5 36 
Kongo 7 3 7 3 10 5  4 39
Pond A - - 2 1 1 - 1 5 
Pond B  1 1 9 3 1 - 2 1 
Comoé 2 1 1 1 9 2 1 1 
other temporary waters 1 3  18 2 1 5 1 5 
Sum 17 10 27 14 116 23 8 17 
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Table 3.1-2: Species that w  species groups in the inventory study. Species are known from 
the study area, but were not distinguished during sorting and determinat
analysis the species groups are treated like true species. 

ere united to
ion. For data 

Species group Species Species group Species 
Clypeodytes sp. es C. bedeli Hydrovatus sp. H. abraeoid
 C. cribrosus  H. brevipilis 
 C. meriodionalis  H. facetus 
Copelatus gr. erichs. C. erichsoni  H. occidentalis 
 C. sp1  H. parvulus 
 C. sp2  H. regimbarti 
Cybister gr. vicinus C. bimaculatus  H. reticuliceps 
 C. mocquerysi  H. senegalensis 
 C. vicinus  Hyphydrus gr. sign. H. maculatus 
 C. zimmermanni  H. signatus 
Derovatellus sp. D. ater Laccophilus gr. verm. L. mediocris 
 D. dagombae  L. modestus 
Hydrocoptus sp. H. koppi Laccophilus sp. gr. L. adspersus nigeriensis 
 H. uellensis  L. comoensis n.sp. 
Hydroglyphus gr. dak. H. confusus  L. epinephes 
 H. dakarensis  L. evanescens 
 H. intermedius  L. nodieri 
Hydrovatus sp. H. balneator  L. vermiculosus 
largebrown H. insolitus Synchortus sp. S. simplex 
 H. suturalis  S. sparsus 

 

3.1.5. Results 

Pooling the records of the entire study 33,705 individuals in 72 species (26 genera) were found 

(Table 3.1-3). Extrapolation of species richness indicated that 4-6 additional species can be expected 

(species richness estimator ± SD: ICE: 75.8 ± 0.0; Chao1: 75.6 ± 3.9; Chao2: 78.1 ± 6.1). More than 

half of the individuals were Uvarus retiarius. The other principal species (>3.1%; "Hauptarten" 

according to (Engelmann 1978)) were Hydroglyphus gr. dak., Leiodytes evanescens and Clypeodytes 

sp.. On the other end of the spectrum of dominance, 50 species occurred only sporadically (<0.32%).  

In all the sample periods beetles were found (Table 3.1-4). Categorising the biodiversity data of 

the two temporary savannah waters Pond B respective Lola Creek by sample period, yields no obvious 

pattern in species richness and abundance, but in Lola Creek both features are lowest in the periods V 

and VI (Fig. 3.1-4, Fig. 3.1-5). 
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Fig. 3.1-4: Species number of Dytiscidae and Noteridae in the inventory study in Pond B a 
Creek; classified by sample period. Note: number of samples per period differ (see Table 

 

and Lol
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Fig. 3.1-5: Abundance of Dytiscidae and Noteridae in the inventory study in Pond B and Lola Creek; 
classified by sample period. Note: number of samples per period differ (see Table 3.1-1). 
Extreme sample Pond B period II not included (6,980 individuals in 23 species). 
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The number of species per period was between 36 and 58 (Table 3.1-4). Nineteen species were 

 in each of the sample periods, 12 in each but one. The principal species (U. retiarius, 

lyphus gr. dak., L. evanescens and Clypeodytes sp.) were found in approximately ha

recorded

Hydrog lf of the 

samples (5 .4%, 46.1% r ective ) and were present in all or a but o sample 

pecies (C te di nsis, Pseuduvarus vitticollis, 

Laccophil esc B philus congener Yola 

d four of the subrecedent ie  at least 30% of the samples and 

ll or all but one sam pe C ody sp. in 

principal s  w r ple sets of the focal waters taken 

arch 29th   

4.8%, 50 esp ly 57.4% ll ne 

period. The recedent s lypeody s pro tus, Bidessus toumodie

Hyphydrus caryerus, us pall ens, idessus sodalis, Lacco and 

nigrosignata) an spec s were recorded in

were also present in a ple riods. Except L. evanescens and lype tes 

Kongo River, the four pecies ere p evalent in all sam

prior to precipitation of M  (Table 3.1-5).
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Table 3.1-3: List of species and their abundances in waters sampled in the inventory. Absolute 
numbers and percentages, sorted by dominance. All samples were pooled. Only adults were 
registered. Solid lines separate dominance groups (according to (Engelmann 1978))  

Species # % Species # % 
Uvarus retiarius 18,320 54.4 Hydaticus dorsiger 36 0.1
Hydroglyphus gr. dak. 3,886 11.5 Leiodytes d. demoulini  36 0.1
Leiodytes evanescens 2,55 cop s l ulu  7 7.6 Lac hilu aetic s 35 0.1
Clypeodytes sp. 1  4 thle . sm,145 3. Me s sp all 30 0.1
Clypeodytes proditus s flavoguttatus 799 2.4 Hydroglyphu 29 0.1
Bidessus toumodiensis 762 2.3 Derovatellus sp 27.  0.1
Pseuduvarus vitticollis 2 rova s gab icus 21752 2. Hyd tu on  0.1
Hyphydrus caryerus 604 1.8 Hydrovatus pictulus 17 0.0
Laccophilus pallescens 534 1.6 Hydrocanthus p vulu 16ar s  0.0
Bidessus sodalis 477 1.4 Hydroglyphus speculum 14 0.0
Laccophilus congener 477 1.4 Hydrocanthus carbonarius 14 0.0
Yola nigrosignata 435 1.3 Cybister marginicollis 13 0.0
Canthydrus xanthinus 334 1.0 a cus s 13Yol pi  0.0
Hydrovatus sp. 286 0.8 ister chw dtner 11Cyb  gs en i  0.0
Bidessus pergranulum 201 0.6 Copelatus sylvaticus 10 0.0
Hydrocanthus micans 170 0.5 Cybister vulneratus 10 0.0
Laccophilus gr. verm. 161 0.5 Uvarus angustulus 10 0.0
Copelatus togoensis 138 0.4 Hydrovatus pulcher 8 0.0
Laccophilus sp. gr. 129 0.4 Canthydrus irenicus 7 0 .0
Hyphydrus impressus 117 0.3 Hydrovatus sp. largebrown 6 0.0
Hydrocoptus sp. 116 0.3 Canthydrus koppi 5 0 .0
Peschetius parvus 108 0.3 Hydrocanthus grandis 5 0.0
Platydytes coarctaticollis 86 0.3 Hydrovatus parallelipennis 4 0.0
Hyphydrus gr. sign. 80 0.2 Hydaticus exclamationis 3 0.0
Leiodytes hieroglyphicus 75 0.2 Hydaticus flavolineatus 3 0.0
Canthydrus bisignatus 0.2 Yola enigmatica 2 070 .0
Yola mocquerysi 69 0.2 Hyphydrus lasiosternus 2 0.0
Rhantaticus congestus 58 0.2 Hydroglyphus angularis 2 0.0
Synchortus sp. 56 0.2 Hydaticus leander 2 0.0
Laccophilus inornatus 48 0.1 Hyphydrus parvicollis 2 0.0
Uvarus baoulicus 47 0.1 Neptosternus n. sp. 1 0.0
Hydaticus matruelis 45 0.1 Eretes griseus 1 0.0
Herophydrus sudanensis 0.1 Uvarus venustulus 1 044 .0
Copelatus gr. erichs. 43 0.1 Heterhydrus senegalensis 1 0.0
Methles cribatellus 41 0.1 Hydaticus bivittatus 1 0.0
Laccophilus taeniolatus 1 Copelatus sp. 1 kurz 136 0.  0.0
  sum 33,705 
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Table 3.1-4: Temporal pattern of presence of Dytiscidae and Noteridae in the inventory. Number of 
samples in which adults of the species occurred. For explanation of periods (I, II, etc.) see 
Table 3.1-1. Total numbers of samples in sampling period in brackets behind respective head 
of column. 
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) 

II
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) 

II
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IV
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%
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f t
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al
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s 

Bidessus pergranulum 7 4 9 1 2 22 2 1 6 2.41
Bidessus sodalis 1 11 3 3 31 4 9 1 9 3.62
Bidessus toumodiensis 15 5 7 2 10 4 32 2 3 7.07
Canthydrus bisignatus 10 1 5 2 4 2 5 29 25.00
Canthydrus irenicus 2 1  3 2.59
Canthydrus koppi 5 1  6 5.17
Canthydrus xanthinus 1 15 3 9 4 4 3 5 53 45.69
Clypeodytes proditus 16 5 10 3 8 3 4 44 9 2.24
Clypeodytes sp. 21 6 11 2 1 5 6 57 4  6 6.90
Copelatus sp. 1 kurz 1  1 0.86
Copelatus gr. erichs. 2 1 6 2 1 1 1 14 12.07
Copelatus sylvaticus  1 1 2 1 5 4.31
Copelatus togoensis 8 6 2 15 2 24 20.69
Cybister gschwendtneri 4 2 1 4 11 9.48
Cybister marginicollis 5 2 1 1 9 7.76
Cybister vulneratus 7 1 1 1 1 11 9.48
Derovatellus sp.  2 2 1 2 7 6.03
Eretes griseus  1  1 0.86
Herophydrus sudanensis 8 2 6 2 1  19 16.38
Heterhydrus senegalensis  1 1 0.86
Hydaticus bivittatus 2  2 1.72
Hydaticus dorsiger 8 2 5 2 4 1 2 1 2 8.97
Hydaticus exclamationis 1 1 1  3 2.59
Hydaticus flavolineatus  2 1  3 2.59
Hydaticus leander  1  1 0.86
Hydaticus matruelis 4 1 4 2 1 1 1 14 12.07
Hydrocanthus carbonarius 2 1 1 3 7 6.03
Hydrocanthus grandis 1 32  6 5.17
Hydrocanthus micans 1 31 1 6 3 8 32 27.59
Hydrocanthus parvulus 4 1 2 1 1 9 7.76
Hydrocoptus sp. 12 1 2 3 2 2 1 0 7.24
Hydroglyphus angularis  1 1  2 1.72
Hydroglyphus flavoguttatus 3 2 1 2 4  1 9.48
Hydroglyphus gr. dak. 1 1 6 18 6 3 2 3 58 50.00
Hydroglyphus speculum 1 2 3 2 1 9 7.76
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Table 3.1-4 (continued): Presence of Dytiscidae and Noteridae recorded in the study periods. 

Species I (
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Hydrovatus gabonicus 1 1 2 8.623 3 10 
Hydrovatus largebrown 2 4 6 5.17 
Hydrovatus parallelipenn 1 1 3 2.59is  1
Hydrovatus pictulus 1 1 3 9 7.763 1
Hydrovatus pulcher  1 2 2.593 
Hydrovatus sp. 9 1 7 7 3 7 31.032 36 
Hyphydrus caryerus 8 2 6 37.9313 3 3 9 44 
Hyphydrus gr. sign. 3 1 2 12.075 1 1 1 14 
Hyphydrus impressus 3 9 1 2 3 1 26.727 6 3
Hyphydrus lasiosternus 2 1.721 1 
Hyphydrus parvicollis  1 1  2 1.72
Laccophilus congener 16 8 13 13 2 6 54.315 63 
Laccophilus gr. verm. 11 2 10 10 3 5 38.794 45 
Laccophilus inornatus 10 2 3 2 1  19.835 23
Laccophilus laeticulus 1 2 2 0 17.249 6 2
Laccophilus pallescens 8 5 2 2 31.9011 4 5 37 
Laccophilus sp. gr. 13 3 9 4 2 6 36.215 42 
Laccophilus taeniolatus 1 9 2  16.385 2 19 
Leiodytes d. demoulini 10 4 1 2 15.521 18 
Leiodytes evanescens 17 5 14 5 1 3 3 45.698 5
Leiodytes hieroglyphicus 3 6 4 5 21.556 1 5 2
Methles cribatellus 2 3  8.624 1 10
Methles sp. small 2 4  13.796 4 16
Neptosternus n. sp.  1 0.861 
Peschetius parvus 3 3 5 1 6 1 3 19.834 2
Platydytes coarctaticollis 10 3 6 1 1 19.832 23 
Pseuduvarus vitticollis 17 5 13 4 10 1 43.1050 
Rhantaticus congestus 4 1 2 3 3 6 13.793 1
Synchortus sp. 1 1 5 6.901 8 
Uvarus angustulus 3 1 1  5 4.31
Uvarus baoulicus 3 2 4 1 3 1 14 12.07
Uvarus retiarius 19 7 15 4 14 1 3 63 54.31
Uvarus venustulus 1  1 0.86
Yola cuspis  2 2 2  6 5.17
Yola enigmatica  1 1  2 1.72
Yola mocquerysi 4 1 6 4 1 3 19 16.38
Yola nigrosignata 10 4 8 3 7 3 35 30.17
number of species 58 45 50 36 54 40 54  
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Table 3.1-5: Abundances of the principal species in the sample periods and water bodies of the 
ere registered. Dashed vertical line indicates precipitation of March 

 periods (I, II, etc.) see Table 3.1-1. 
inventory. Only adults w
29th. For explanation of

Uvarus retiarius  I II III IV V VI VII 
Lola 3,033 471 1,005 1,320 3 1 3 
Kongo 866 677 2,710 2 136   
Pond A 2    512   
Pond B 4 4,968 215  8   
Comoé        
other temporary waters 1,532 6 111  726  9 
Sum 5,437 6,122 4,041 1,322 1,385 1 12 

Hydroglyphus gr. dak. I II III IV V VI VII 
Lola 203 361 78 196  
Kongo 143 124 258 33 5   
Pond A 3    103   
Pond B 3 1,528 106  42  1 
Comoé        
other temporary waters 516 26 108  41  8 
Sum 868 2,039 550 229 191 9 
Leiodytes evanescens I II III IV V VI VII 
Lola 200 62 140 329 1 6 
Kongo 142 678 615  3   
Pond A     98 1  
Pond B 1 52 6  24   
Comoé        
other temporary waters 113  5  57  24 
Sum 456 792 766 329 183 1 30 
Clypeodytes sp. I II III IV V VI VII 
Lola 84 22 1 33 12 2 180 
Kongo 57 112 414  31  1 
Pond A     2 11 3 
Pond B 6 56 12  4   
Comoé        
other temporary waters 47 1 3  47  4 
Sum 194 191 430 33 96 13 188 
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3.1.6. Discussion 

This study focused on the question, which mode(s) the resident species of Dytiscidae and 

Noteridae adopt for aestivation of the dry season. For that an inventory of adult beetles present in the 

water bodies during dry and beginning rainy season was established.  

A total of 72 species in 26 genera were recorded in this study. Taken into account that some 

species were untited to species groups, the number of taxonomical valid species was even higher. For 

a detailed list of taxonomically valid species found in the study area and checked by taxonomists see 

chapter 2.3. Among the water bodies sampled were several temporary pools. Temporary pools 

generally are known to bear diverse beetle communities (Batzer 1996). The high local species richness 

found in the presented study is obvious. In a temporary pond in Senegal only 4 genera were found 

(only lim

nly a 

few centi

ion of the water body (Lahr et al. 1999). Densities, however, 

cannot be directly compared to the densities in Comoé National Park due to differences in 

meth

m 1988c) and 

is known from West- and Central Africa (chapter 2.3). Within the group Hydroglyphus gr. dak. the 

majo

the sites where specimens were recorded, the biology of all the species mentioned above is unknown. 

ited identification to species level) (Lahr et al. 1999) and in the most comprehensive study of 

Dytiscidae in West Africa in Guinea Bissau a total of 101 species were recorded (Nilsson et al. 1995). 

The high local species richness in Comoé National Park reflects its high habitat diversity (further 

discussion of species diversity in chapter 2.3).  

More than 30,000 beetles were recorded in some 100 samples. Each sample covered a stretch of 

approximately 1/3 m². The average density thus was almost 900 beetles per m². This high number, 

however, was due to samples of waters that were close to entire desiccation. When the water body 

shrunk, the beetles were concentrated in the remaining water. Even when the water level was o

metres, the water was still crowded with beetles. Application of the standardised sampling 

method, therefore, yielded high abundances. The high density close to desiccation is in agreement with 

published results. In an intermittent stream in Australia total numbers of predators in all habitats 

steadily increased in the process of desiccation and peaked just before the habitat dried (Boulton & 

Lake 1992b). In a temporary pond in Senegal a similar increase of the density of Dytiscidae was 

observed in the period prior to desiccat

odology of sampling.  

The four principal species comprised 76,9% of the beetles recorded. Very little is known on these 

species. Uvarus retiarius is small (1.4-1.6 mm length), had been collected at light (Biströ

rity was H. dakarensis. This species is 1.7 to 2.0 cm long and has been sampled from many 

different kinds of waters (Biström 1986). Leiodytes evanescens (length 1.4-1.7 mm) has been sampled 

from different waters and at light (Biström 1987b). Clypeodytes sp. here comprises three species 

(Table 3.1-2). These species are between 1.8 and 2.4 mm long and are often collected at light (Biström 

1988d). The three latter species are widespread in Africa (chapter 2.3). Except the little information on 
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Approximately 70% of the species found, occurred only sporadically. One reason may be that the 

study focused on a few temporary savannah waters. More likely, however, is that these species 

actu

ol and does not reflect individual species assemblages. Therefore, 

the d

tween species create such a wide variety of patterns that only intense studies 

with

eetles were found in high species richness in 

the d

ally are rare in the study area. The data for the individual species cannot be compared to data in 

the literature, since data on the frequency of the species (within West Africa) are very limited and 

reflect sampling methodology and efficiency rather than the objective frequency of the species. One 

example of how sampling effort determines taxonomic and faunistic knowledge is the genus 

Copelatus from the Afrotropical and Madagascan regions (Nilsson et al. 1996). Of the 199 species 

known in 1996, 34% had been described by one taxonomist (F. Guignot) within a few years. After a 

period of only slow increase the activity of only two taxonomists (A. Bilardo and S. Rocchi) created a 

new burst of described species in the genus Copelatus. Note that the inventory presented here gives 

information on the local species po

ominance structure is not discussed here. 

Throughout the entire sampling period beetles were caught in a high species richness. No clear 

seasonal tendency of species richness and abundance was obvious in the analysed focal waters. 

Quantitative comparison between the periods, however, is defective due to changing water levels in 

the water bodies. Catchibility in a pond or creek strongly depends on the concentration of beetles in 

the water. The pattern of precipitation changed the water bodies and thus the concentration of beetles. 

Low abundance and species richness in period V and VI, therefore, might be a function of water 

availability rather than the absolute number of beetles in the water bodies. The factor of dilution 

within the water cannot be distinguished from the loss of beetles due to mortality or emigration.  

The intention for including the temporal axis into the set-up of the study was not the quantitative 

comparison between periods. Neither was an attempt made to predict presence / absence on the basis 

of habitat characteristics and its temporal dynamics. The interplay of many environmental variables 

and the interactions be

 profound statistical analysis may address models that predict species assemblages in a given 

habitat (Jeffries 2003).  

The regular sampling rather made sure that as few species as possible were missed and thus it 

allows to compile a comprehensive inventory of the beetles in the study area (see chapter 2.3). Even 

more important, the regular sampling schedule allows to deduce life-history traits on species level 

from the presence data of the respective species in the dry season.  

Adults of 31 species were found in all or all but one sampling period, thus were found virtually 

throughout the entire study3. These species include all the numerically important species (principal 

species, recedent and some of the subrecedent species). B

ry season periods II and III and even in period IV close to the first considerable rains of the 

beginning rainy season. Life-history strategies can be concluded from the temporal continuity of these 

                                                      
3 but see discussion on individual species in chapter 4. 
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species (see below). The other species only accounted for less than 1% each and their absence in a 

given sampling period thus can be considered as an effect of overall rareness of the species. 

Diving beetles exhibit a range of life-history strategies to cope with unfavourable periods like 

summer drought or winter freezing. Such periods may theoretically be passed as egg, larvae, pupae or 

adult. In Germany, Dytiscidae overwinter as adults (Braasch 1989). Five different life cycles, 

owever, can be distinguished in northern European Agabini (including three genera of Dytiscidae) 

(Nilsson 1986). Overwintering occurs as egg, larvae, or as adult and life cycles even exist with flexible 

modes of overwintering or combining them in a semivoltine life cycle. Even in closely related species 

different strategies are performed. For the species in Comoé National Park that were recorded 

throughout the dry season (majority), it can be concluded that at least a part of the population survives 

this unfavourable period as adults. 

The habitats for overwintering or oversummering differ between species. Concerning the habitats 

for overwintering, German Dytiscidae were assigned to three groups: aquatic, alternative (i.e. 

facultative) and terrestrial hibernation (Braasch 1989). Most of the Dytiscidae found in an intermittent 

river pass the stagnant phase of the river in pools, but some do so below leaf litter (Boulton 1989). 

Species of the genera Thermonectus (Hilsenhoff 1993), Hydaticus (Braasch 1989; Galewski 1964), 

Ilybius, Rhantus, Nartus, Graphoderus and Agabus (Braasch 1989) overwinter exclusively in 

terrestrial habitats. Agabus disintegratus pass the summer dry period at the base of wetland plants 

(Garcia et al. 1990). Species of the genus Hydaticus and Hydroporus were recovered from rehydrated 

sediment samples (Dietz-Brantley et al. 2002). In aquatic and terrestrial habitats overwinter Dytiscus 

circumcinctus (Roughley 1990) and species of the genus Coelambus, Graptodytes, Hygrotus, 

Hyphydrus, Laccophilus, Noterus and Agabus (Braasch 1989). Most members of the subfamily 

Dytiscinae in Wisconsin (USA) (Hilsenhoff 1993) and in Germany (Braasch 1989), however, use 

aquatic environments. 

Habitats for the observed terrestrial survival usually are characterised by high humidity. This is 

true for the study in Australia, where adult Dytiscidae were found below rocks, or mats of leaf litter 

and dried filamentous algae (Boulton 1989), as well as in Poland, where Dytiscidae were recovered 

from pods of moss or other vegetation (Galewski 1964). Although A. disintegratus may survive in dry 

conditions for several months (Garcia & Hagen 1987), the microhabitat must maintain 100% relative 

humidity for long term survival of aestivating adults (Garcia et al. 1990). From seasonal occurrence of 

larvae and adults of the terrestrially hibernating species Agabus subtilis it is concluded that eggs laid 

into the vegetation during the dry phase of the pond survive until they are inundated (Braasch 1991). 

The persisting vegetation ensures aeration and humidity. 

At the peak of the dry season in Comoé National Park even the bottom of temporary ponds 

completely dries and aquatic and semi-aquatic vegetation entirely desiccates (N. Reintjes, pers. obs.). 

Microhabitats for eggs, larvae, pupae and adults with a high humidity are extremely scarce. Moreover, 

no Dytiscidae or Noteridae were found when washing sediments or plant-sods of temporary waters in 

h
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dry season (N. Reintjes, unpubl. data). Terrestrial aestivation as a general mode of passing the dry 

season therefore seems to be unlikely for the Dytiscidae and Noteridae of Comoé National Park4. All 

the records presented here were obtained from natural water bodies throughout the dry season. It can 

thus be concluded that in Comoé National Park aquatic habitats serve as a refuge for aestivation of at 

least parts of the populations of the recorded species. 

 

                                                      
4 but see discussion on Methles sp. in chapter 4. 
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3.2. The riverbed of the permanent Comoé River as habitat for adult 

Dytiscidae and Noteridae during dry season 

3.2.1. Abstract 

 Research was done on a temporary water system in the savannah of the Comoé National Park, 

Ivory Coast, West Africa. The climate is governed by a pronounced dry season, resulting in 

desiccation of the majority of savannah waters. In dry season rock pools are formed in the riverbed 

of the receding Comoé River. For discussion of survival strategies of Dytiscidae and Noteridae, 

colonization of these rock pools was studied during dry and beginning rainy season. 

 The rock pools were quantitatively sampled by completely emptying them. During the entire study 

10,523 individuals in 44 species and 18 genera were collected in the rock pools. Thus, more than 

half of the species recorded in Comoé National Park were found in the rock pools.  

 Seven depressions (volume between 40 and 210 litres) were filled with water and thus offered for 

five days for colonization during the peak of the dry season (when temporary savannah waters 

were falling dry). All the rock pools were colonized by Dytiscidae and / or Noteridae. A total of 

1,507 individuals in 26 species were found. Thus, the rock pools were colonized in high 

abundance and species richness.  

 Slight precipitation towards the end of the dry season filled depressions in the rocky area and 

formed rock pools. An inventory of 21 rock pools yielded 8,456 individuals in 41 species. 

Principal species (> 3,2% each) were in order of abundance Yola nigrosignata, Hydroglyphus gr. 

dak., Laccophilus congener, Hydroglyphus speculum and Leiodytes evanescens. Except the 

smallest rock pool, all pools contained beetles. Mean species richness was 8 and mean abundance 

85 individuals per rock pool. Mean densities were 145 beetles per square meter water surface. 

Species assemblages in the individual rock pools were governed by one species (mean Berger-

Parker index of 0.44). Species assemblages were similar to temporary savannah waters. Species 

richness and abundance was positively correlated with the size of the rock pool. 

 Sampling of four, respectively five rock pools at two occasions immediately after precipitation 

showed that beetles are very fast colonizers. Beetles were present in all rock pools. A total of 434 

Dytiscidae in 14 species, but no Noteridae were recorded.  

 An inventory of 13 rock pools, when several precipitations had occurred and water bodies in the 

savannah were prevalent, yielded, however, only few beetles (126 individuals in 4 species). Yolina 

chopardi contributed 81.7% of the individuals found. 

 The results underline the hypothesis that Dytiscidae and Noteridae of the Comoé National Park fly 

from desiccating savannah waters to the rock pools of the Comoé River during dry season. They 
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pass the dry season in these rock pools5 and fly back into the savannah after precipitation at the 

onset of the rainy season. 

3.2.2. Introduction 

A literature study on the ecology of temporary water bodies lay bare our defective knowledge on 

these ecosystems (Schwartz & Jenkins 2000). This is true despite their value for scientific research 

(e.g. Williams 1996) and for conservational issues (e.g. Williams 1997). Temporary waters are 

particularly widespread and of great importance in the arid and semi-arid regions of the world (Comín 

& Williams 1994). In the savannah, temporary water bodies contribute greatly to the entire aquatic 

environments. Our knowledge on the aquatic system of these regions, however, is even more deficient 

than on their counterparts in the temperate zone.  

A central question is how the aquatic organisms cope with the temporary loss of their aquatic 

habitats. Aquatic animals must either be dormant during the dry phase or move to other habitats 

(Batzer 1996; Schwartz & Jenkins 2000). The first strategy is widespread among flightless 

invertebrates (as crustaceans, annelids and molluscs), but also among insects (including dragonflies, 

caddisflies, dipterans and beetles) (Wiggins et al. 1980). The second strategy, leaving the temporary 

water bodies, includes cycles of colonization (Batzer 1996; Wissinger 1997). It involves either a stage 

in a terrestrial habitat, long distance migration or - the most frequent mode - local movements between 

temporary and permanent habitats (Wissinger 1997).  

Although cyclic migration of adults between temporary and permanent water bodies is 

widespread among aquatic beetles of the families Dytiscidae and Noteridae in the temperate zone, 

other modes of passing the dry phase of their habitat are performed (Braasch 1989; Klausnitzer 1996; 

Nilsson 1986). The strategies adopted by the beetles in the highly seasonal aquatic systems of the 

savannahs, where permanent water bodies are rare during dry season, are unknown. 

In the savannah habitats of Comoé National Park (Ivory Coast, West Africa) adults of Dytiscidae 

and Noteridae were recorded in aquatic habitats throughout the pronounced dry season (chapter 3.1). 

The study presented here investigated, whether adult beetles are on the wing in order to colonize water 

bodies during dry season and to which extend water bodies in the riverbed of the permanent Comoé 

River are utilised by Dytiscidae and Noteridae during dry and beginning rainy season. To answer this 

question, depressions (rock pools) in the rocky riverbed were artificially filled and thereby offered for 

colonization. Moreover, inventories of species present in the rock pools after natural fillings were 

taken during the dry season and beginning rainy season. Furthermore, quickly colonizing species were 

assessed by scrutinising rock pools shortly after filling. 

                                                      
5 The role of the main water body of the Comoé River for the beetles is not discussed here, but in chapter 4. 
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3.2.3. Study sites 

For a general description of the Comoé National Park, its climate and aquatic system see chapter 

2.2.4 and 3.1.3. When retracting, the water body of the Comoé River creates new ponds in the 

riverbed. Consequently, the surface of the rocky area increases in the course of the dry season. 

Numerous depressions and cracks arise that form small rock pools when containing water. The water 

may be either remnants of the main water body or the result of precipitation. 

The rock pools are characterised by the following features: in contrast to the savannah ponds, 

these rock pools are filled even by very little precipitation. The ground is rocky, partly covered with 

gravel, sand or little mud. The water is clear in almost all the pools. Vascular vegetation is represented 

only by isolated tufts of Graminaceae at the edges of some of the pools. Without shade, the black rock 

absorbs a high proportion of the irradiated energy of the sun. Water temperature in the rock pools, 

therefore, may attain very high values. Since the rock pools are small and exposed to a high level of 

evaporation, they may quickly desiccate if not fed with new precipitation. In the course of the rainy 

season rising water level of the main water body of the Comoé River floods the rock pools. 

The examined rocky area is about 1 km downstream the mouth of the Lola Creek into the Comoé 

River (see Fig. 2.3-1) and covers about 210m x 50m in east-west orientation. Orientation on this rocky 

area was enabled by a 10m grid, marked with acrylic lacquer on the rock. At the end of January the 

entire rocky area was desiccated, except one pool (surface <1m²). Precipitation on February 2nd had 

filled some rock pools. Virtually all of them, however, fell dry rapidly and were refilled by 

precipitation between February 15th and 18th. Precipitation on March 1st, 2nd, 14th and 16th refilled the 

pools that had been emptied by the sampling process. A total of 190mm precipitation was recorded 

from then on until the start of the last sampling at May 11th (Fig. 3.1-2). 

3.2.4. Material and Methods 

In order to register the fauna of the rock pools, they were entirely emptied using receptacles of 

different sizes. The water was passed through a net (500µm mesh size), with the bag of the net 

hanging in a bucket of water. When almost emptied, the cracks of the former pond basin were washed 

twice with approximately two litres of filtered (500µm) water.  

Members of the families Dytiscidae and Noteridae were collected quantitatively, those of other 

taxa qualitatively. Diptera larvae and pupae, however, were not considered. Larger animals like 

tadpoles and adult Dytiscinae were hand-collected from the net. Smaller ones, like most species of 

Dytiscidae, were gathered with an exhaustor from the net content spread on a white sheet. Specimens 

were stored in 70% alcohol or Scherpels solution (70% alcohol + 5% acetic acid).  

Determination of Dytiscidae and Noteridae, if possible to species level, followed the most recent 

revisions (see chapter 2.3). In order to cope with the high number of individuals, closely related and 

similar species were grouped to form species groups (Table 3.2-1). For the analysis and statistics these 
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species groups were treated in the same way as true species. Determinations were spot checked by 

taxonomists. Specimens remain in the private collection of the author, but a reference collection will 

be deposited at the Natural History Museum Vienna. 

Artificially filled rock pools 

Seven depressions were selected covering different dimensions and other habitat characteristics 

(bottom, distance to main water body of the Comoé). The depressions were filled to capacity with 

filtered (500µm) water from the Comoé River January 26th. The volume of water necessary to fill the 

depression was measured. Conductivity (WTW LF 196) and pH (WTW pH 91) were measured two 

days after filling. January 28th, loss of water by evaporation and leakage was compensated by adding 

water, refilling the rock pools to capacity. Five days after the first filling (January 31st) the rock pools 

were emptied and the contained fauna was registered.  

Naturally filled rock pools 

Thirty-four rock pools were selected for study. The selected pools were spread over the entire 

study area and covered a variety of different shapes and volumes. Before sampling, the dimensions of 

the water bodies were measured. Along the maximal diameter as a transect line, the breadth of the 

pool was taken every 10cm. Depth was measured every 10cm along the same transect and along two 

of its parallels on each side of the transect. Additionally, maximal depth was determined. The mean 

height of the surrounding rock was measured and pooled 10cm from the edge of the water in all four 

points of the compass. Conductivity (WTW LF 196) and pH (WTW pH 91) were measured. Minimal 

and maximal temperature was measured in three rock pools (A1 February 26th / 27th, A3 February 28th 

/ March 1st and A30 27th / 28th February). For this purpose a min-max thermometer was exposed for 24 

hours (12 a.m. to 12 a.m.) at the deepest point of the rock pool, fixed and covered with a rock.  

Sampling A 

From February 23rd to March 1st (i.e. 5-20 days after the 21mm precipitation of February 18th) 21 

rock pools were sampled (sampling A) in the same manner as the artificially filled rock pools. The 

order of sampling was random. The remaining 13 pools had fallen dry.  

Sampling B and C 

On March 2nd, the day after a little rain at night (3mm between 8:15 p.m. and 3:30 a.m.), four 

pools were sampled (sampling B). Three of them had been emptied during the first set of sampling and 

the other one had fallen dry naturally. A third set of samples (C) on March 15th followed a heavy rain 

the late evening before (30mm between 7:45 and 8:45 p.m.). The pools sampled were those emptied in 

the sampling B supplemented by a naturally desiccated one. All pools sampled in B and C had been 

completely dry prior to precipitation. 



3.2. The riverbed of the Comoé River as habitat during dry season  79

Sampling D 

Fifteen among the 34 study pools were selected at random and sampled between May 11th and 

13th (sampling D). Pools containing fish were excluded. 

Statistical methods 

The estimated total species richness was calculated by extrapolation procedures applying the 

software programme EstimateS 6.0b1 (Colwell 2000). The estimators were Chao1 (abundance-based 

estimator of species richness, (Chao 1984)), Chao2 (incidence-based estimator of species richness, 

(Chao 1987)) and ICE (Incidence-based Coverage Estimator of species richness, (Lee & Chao 1994)). 

α-diversity was described with the species richness and the Berger-Parker dominance index (Berger & 

Parker 1970). As a measure of β-diversity between the communities of water bodies the NESS index 

(Grassel & Smith 1976) was applied. 

To examine the relationships between habitat characteristics and biodiversity principal 

component analysis (applying the software programme SPSS 11.0) and regression analysis (applying 

the software programme Statistica 6.0) were computed. 

 

Table 3.2-1: Species that were united to species groups in samples of the Comoé riverbed. Species are 
known from the study area, but were not distinguished during sorting and determination. In 
analysis the species groups are treated like true species.  

Species group Species Species group Species 
Clypeodytes sp. C. bedeli Hyphydrus gr. sign. H. maculatus 
 C. cribrosus  H. signatus 
 C. meriodionalis Laccophilus gr. verm. L. mediocris 
Hydroglyphus gr. dak. H. confusus  L. modestus 
 H. dakarensis Laccophilus sp.gr. L. adspersus nigeriensis 
 H. intermedius  L. comoensis n.sp. 
Hydrovatus sp. H. abraeoides L. epinephes 
 H. brevipilis 

 
L. evanescens 

 H. facetus  L. nodieri 
 H. occidentalis  L. vermiculosus 
 H. parvulus  
 H. regimbarti  
 H. reticuliceps  

 

 H. senegalensis  

3.2.5. Results 

During the entire study of the rock pools a total of 10,523 individuals in 44 species and 18 genera 

were recorded (Table 3.2-2) Principal species (more than 3.1%; "Hauptarten" according to 

(Engelmann 1978)) were Yola nigrosignata, Hydroglyphus gr. dak., Laccophilus congener, 
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Hydroglyphus speculum, Yolina chopardi and Leiodytes evanescens. The other 38 species were minor 

species (less than 3.2%; "Nebenarten" according to (Engelmann 1978)). 

 

Table 3.2-2: List of species and their abundances in the rock pools of the Comoé river. Absolute and 
percentages, sorted by dominance. All samples were pooled. Only adults were registered. 
Solid lines separate dominance groups (according to (Engelmann 1978)) 

Species # % Species # % 
Yola nigrosignata 4,048 38.5 Clypeodytes sp. 14 0.1 
Hydroglyphus gr. dak. 2,359 22.4 Hyphydrus caryerus 13 0.1 
Laccophilus congener 1,095 10.4 Copelatus togoensis 9 0.1 
Hydroglyphus speculum 834 7.9 Canthydrus bisignatus 8 0.1 
Yolina chopardi 517 4.9 Hydrocanthus carbonarius 8 0.1 
Leiodytes evanescens 461 4.4 Herophydrus sudanensis 7 0.1 
Uvarus retiarius 235 2.2 Yola cuspis 7 0.1 
Laccophilus pallescens 152 1.4 Laccophilus inornatus 7 0.1 
Bidessus pergranulum 128 1.2 Uvarus angustulus 4 0.0 
Pseuduvarus vitticollis 81 0.8 Hydroglyphus angularis 3 0.0 
Yola mocquerysi 64 0.6 Hydaticus dorsiger 3 0.0 
Hydrocanthus micans 63 0.6 Hydrovatus sp. 3 0.0 
Laccophilus taeniolatus 58 0.6 Bidessus toumodiensis 2 0.0 
Bidessus sodalis 56 0.5 Copelatus sylvaticus 2 0.0 
Laccophilus sp. gr. 50 0.5 Hydaticus bivittatus 2 0.0 
Rhantaticus congestus 49 0.5 Hydaticus matruelis 2 0.0 
Laccophilus gr. verm. 40 0.4 Hydroglyphus flavoguttatus 2 0.0 
Eretes griseus 35 0.3 Hydaticus exclamationis 2 0.0 
Yola enigmatica 31 0.3 Copelatus sp. 1 kurz 1 0.0 
Hyphydrus impressus 27 0.3 Clypeodytes proditus 1 0.0 
Canthydrus xanthinus 22 0.2 Canthydrus koppi 1 0.0 
Hyphydrus gr. sign. 16 0.2 Laccophilus laeticulus 1 0.0 
  sum 10,523  
 

Artificially filled rock pools 

The volume of the rock pools was between 40 and 210 litres (median 60 litres), conductivity was 

110-145µS (median 122 µS) and pH 7.8-8.7 (median 8.5) (Table 3.2-3). Notonectidae were present in 

all but one rock pool and mostly abundant. Other aquatic Heteroptera were found in 4 rock pools. 

Hydrophilidae were present in all and very abundant in most of the rock pools.  
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Table 3.2-3: Abiotic conditions in the sampled rock pools of the Comoé river. Artificially filled rock 
pools (sample=Art1-7), rock pools of sampling A (sample=A1-34), B (sample=B1-29), and C 
(sample=C1-29). For methods of measurement see chapter 3.2.4. 
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Art1 210     117.3 7.9 
Art2 60     118 7.8 
Art3 40     145.2 8.5 
Art4 100     110 8.5 
Art5 50     132.2 8.5 
Art6 95     127.2 8.7 
Art7 45     121.6 8.7 
A1 52 0.99 5.3 11.0 5.0 97.7 6.4 
A3 1049 8.46 12.4 23.0 7.0 93.5 7.1 
A4 15 0.49 3.1 12.0 9.0 96.2 9.5 
A5 12 0.36 3.4 7.0 20.0 123.1 6.5 
A6 26 0.49 5.3 10.0 13.0 58.6 6.6 
A8 1 0.05 2.0 4.0 9.0 104.0 6.9 

A10 60 1.01 6.0 11.0 6.0 66.4 7.0 
A11 0.5 0.04 1.5 3.0 10.0 176.1 7.2 
A12 5 0.17 3.0 7.0 15.0 86.7 7.6 
A13 8 0.26 3.0 7.0 12.0 91.3 7.3 
A14 20 0.46 4.4 10.0 11.0 99.4 7.0 
A15 904 11.02 8.2 11.0 7.0 77.4 8.0 
A16 12 0.41 3.0 7.0 11.0 165.9 6.9 
A18 211 2.18 9.7 22.0 7.0 72.9 6.8 
A19 20 0.48 4.1 7.0 10.0 82.2 6.3 
A24 42 0.72 5.8 17.0 5.0 49.3 6.6 
A26 5 0.15 3.3 7.0 14.0 97.2 6.6 
A27 13 0.44 3.1 6.0 12.0 78.5 6.9 
A30 2 0.1 2.1 3.0 10.0 173.4 6.8 
A33 70 1.05 6.7 13.0 14.0 75.0 6.5 
A34 2 0.1 2.0 4.0 7.0 156.1 7.3 
B1 51 0.96 5.3 11.0 5.0 121.6 7.0 

B11 31 0.64 4.7 12.0 10.0 119.0 7.1 
B19 40 0.86 4.7 10.0 9.0 95.2 7.5 
B29 25 0.68 3.7 9.0 8.0 71.1 8.7 
C1 367 4.08 9.0 24.0 9.0 35.2 6.7 

C11 105 1.86 5.7 17.0 6.0 49.0 6.7 
C19 280 3.33 8.4 23.0 6.0 36.0 6.5 
C24 204 1.79 11.4 30.0 6.0 27.1 6.5 
C29 50 1.05 4.8 11.0 8.0 50.2 6.5 
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All rock pools were colonized by Dytiscidae and / or Noteridae. A total of 1,507 individuals in 26 

species was found in the seven waters. Pooling all records in the artificially filled rock pools, 

Hydroglyphus gr. dak. was eudominant (74.3%), L. congener (7.3%), Y. chopardi (6.0%) and Uvarus 

retiarius (4.7%) subdominant (Fig. 3.2-1). The other species were minor species. Noteridae were 

represented by only one individual (Canthydrus bisignatus). Within an individual rock pool the most 

abundant species was Hydroglyphus gr. dak. except for one rock pool with only one individual (U. 

retiarius).  
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Fig. 3.2-1: Rank abundance of species found in the artificially filled rock pools. Sorted by abundance. 
All samples pooled. log abundance = logarithm of the number of individuals. 

Naturally filled rock pools 

Sampling A 

Dimensions and abiotic conditions of the pools are given in Table 3.2-3. The volume ranged from 

0.5 litre to 1,049 litres (median 14; 1st quartile 5; 3rd quartile 46.5), the surface was between 0.04 m² 

and 11.02 m² (median 0.45; 1st quartile 0.165; 3rd quartile 0.793) and the maximal depth 3-30 cm. The 

mean height of the surrounding rock, was 5-20 cm. Conductivity was between 27.1 and 176.1 µS and 

pH varied between 6.3 and 9.5. Minimal temperature in the three selected rock pools was 19°C (A1), 

23°C (A3) and 24°C (A30). During the day temperature rose up to 42°C (A1), 34°C (A3) and 47°C 

(A30). 

Fish were found in the three largest rock pools and tadpoles in all but two pools. Whereas 

Notonectidae were present in all but three pools, members of other families of Heteroptera were found 

only in 4 rock pools. In 6 pools larvae of Odonata were recorded and 16 pools had Hydrophilidae. 

Pooling all records in sampling A, a total of 8,456 individuals in 41 species of the families 

Dytiscidae and Noteridae were recorded. Extrapolation of species richness indicated that less than 9 
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additional species are to be expected (species richness estimator ± SD: ICE: 49.0 ± 0.04; Chao1: 

44.1 ± 3.7; Chao2: 49.3± 6.9). Principal species were Y. nigrosignata (46.3%), Hydroglyphus gr. dak. 

(13.7%), L. congener (11.3%), H. speculum (8.8%) and Leiodytes evanescens (5.1%). The other 

species accounted for less than 3.1% each (minor species) (Fig. 3.2-2).  
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Fig. 3.2-2: Rank abundance of species in the rock pools of sampling A. Sorted by abundance. All 
samples pooled. log abundance = logarithm of the number of individuals.  

 

Beta-diversity (NESS, 10) between sampling A and the artificially filled rock pools was low 

(0.69), intermediate to the temporary ponds (0.54) and creek (0.40), but high to Kongo River (0.26) in 

January. Analysing the records within the individual rock pools it became evident that except for the 

smallest rock pool (A11; 0.5 litre), all pools contained beetles. Species richness ranged from 0 to 35 

(median 8; 1st quartile 5; 3rd quartile 14) and abundance from 0 to 4,222 individuals (median 85; 1st 

quartile 21; 3rd quartile 306) per rock pool. Maximal densities were 25 beetles per litre (median 3.1; 

1st quartile 1.9; 3rd quartile 6.6), respectively 706 per m² (median 145; 1st quartile 78; 3rd quartile 378). 

The maximal number of species per litre was 3 (median 0.42; 1st quartile 0.18; 3rd quartile 0.75) or 60 

species per square meter (median 16.3; 1st quartile 11.0; 3rd quartile 20.7). 

In order to analyse the relationship between habitat characteristics and community characteristics 

in the respective rock pools, principal component analysis and regression analysis was performed. 

Factor 1 of the principal component analysis unified measurements of size and explained 52.8% of 

variance. Regression analysis revealed positive correlations of species richness (10.8095 + 8.6284x; 

p<0.001; R²=0.8276) (Fig. 3.2-3) and of the ln of abundance (4.4309 + 1.4729x; p<0.001; R²=0.5448) 

(Fig. 3.2-4) to this factor. Correlation with diversity measures are not significant for Simpson's and 

Berger-Parker's Index.  
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Fig. 3.2-3: Relationship between habitat characteristica and species richness in the rock pools of 
sampling A. Regression analysis of the relationship between species richness and factor 1 
(PCA-size, representing dimensions of the rock pools) of the principal component analysis. 
The smallest pond was 0.5 litre, the biggest 1,049 litres. 

-1,5 -1,0 -0,5 0,0 0,5 1,0 1,5 2,0 2,5 3,0

PCA-size

-1

0

1

2

3

4

5

6

7

8

9

ln
_a

bu
nd

an
ce

 (l
n 

of
 n

um
be

r o
f i

nd
iv

id
ua

ls
)

ln_abundance = 4.4309+1.4729*x
r2 = 0.5448; p<0.001

 

Fig. 3.2-4: Relationship between habitat characteristica and abundance in the rock pools of sampling 
A. Regression analysis of the relationship between ln of abundance to factor 1 (PCA-size, 
representing dimensions of the rock pools) of the principal component analysis. The smallest 
pond was 0.5 litre, the biggest 1,049 litres. 
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Each of the 20 assemblages (21 rock pools sampled, one without beetles) was dominated by a 

single species indicated by a Berger-Parker-Index of 0.44 (median; 1st quartile 0.38; 3rd quartile 0.63) 

(Fig. 3.2-5). The most common species in nine rock pools was Hydroglyphus gr. dak., in seven rock 

pools L. congener, in two rock pools Y. nigrosignata and in one rock pool Y. chopardi. In one rock 

pool Hydroglyphus gr. dak. and Y. chopardi had the same abundance. The second abundant species 

accounted for 0.22 (Median; 1st quartile 0.15; 3rd quartile 0.28). In 55 cases, species were sampled as 

singletons in the respective rock pool. 
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Fig. 3.2-5: Dominance of the beetles in the assemblages of the rock pools in sampling A. Total 20 rock 
pools (one of the 21 sampled rock pools contained no beetle). Percentage of individuals 
represented by the first, second, ... 20th most abundant species (rank greater than 20 
combined). Medians with first and third quartiles, whiskers are minima and maxima without 
outlyer and extremes. 

Sampling B and C 

In sampling B the volume of the rock pools was between 25 and 51 litres, (median 35.5 litres), 

conductivity was 71-122 µS, (median 107 µS) and pH 7-8.7 (median 7.3) (Table 3.2-3). In sampling C 

the volume of the rock pools was between 50 and 367 litres, (median 204 litres), conductivity was 

27-50 µS, (median 36 µS) and pH 6.5-6.7 (median 6.5). The African Tiger Frog Hoplobatrachus 

occipitalis (Anura: Ranidae) had spawn in all but one of the nine pools. Notonectidae were present in 

all, other Heteroptera in two pools.  



3.2. The riverbed of the Comoé River as habitat during dry season  86

Beetles were prevalent in all sampled rock pools. In sampling B a total of 132 individuals in 9 

species (Fig. 3.2-6) and in sampling C 302 beetles in 13 species (Fig. 3.2-7) were found. Pooling the 

two sets revealed 14 species, all of them belonging to the family Dytiscidae. The dominant species 

were Y. chopardi (28.0%), Y. nigrosignata (27.5%), Hydroglyphus gr. dak. (16.1%) and H. speculum 

(13.3%). L. congener was subdominant (6.7%).  

Species richness per rock pool ranged from 3 to 10 (median 7; 1st quartile 4; 3rd 8) and abundance 

from 13 to 174 individuals (median 29; 1st quartile 20; 3rd 56). Berger-Parker index was 0.5 (median; 

1st quartile 0.43; 3rd quartile 0.63) (Fig. 3.2-8). The four rock pools in sampling B were dominated by 

Y. chopardi, whereas this species governed only one of the five rock pools in sampling C. Two rock 

pools each were dominated by Y. nigrosignata and Hydroglyphus gr. dak.. 

Sampling D 

One pool was excluded because it contained fish and another one, because it was on water level 

with the main body of the river and therefore could not be emptied (inflow of water). Thus 13 pools 

were sampled. Tadpoles were found in six rock pools, Notonectidae as well as other Heteroptera in all 

sampled rock pools. Six pools had Odonata and seven Hydrophilidae. 

Four of the remaining 13 rock pools were lacking beetles, five contained only one species, two 

contained two, one three and one four species of beetles. Maximal abundance was 39 beetles (Median 

7; 1st quartile 0; 3rd quartile 12). A total of 126 individuals in four species were found. 

Y. chopardi was dominant (81.7%), H. speculum and Hydroglyphus gr. dak. were subdominant 

(8.7%) and Laccophilus gr. verm. was represented by a single individual (Fig. 3.2-9). In all rock pools 

Y. chopardi was the most abundant species, in five pools it was even the only species present.  
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Fig. 3.2-6: Rank abundance of species in rock pools of sampling B. Sorted by abundance. All samples 
pooled. log abundance = logarithm of the number of individuals.  
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Fig. 3.2-7: Rank abundance of species in rock pools of sampling C. Sorted by abundance. All samples 
pooled. log abundance = logarithm of the number of individuals. 
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Fig. 3.2-8: Dominance of the beetles in the assemblages in the rock pools of sampling B and C. Total 
9 rock pools. Percentage of individuals represented by the first, second, ... 10th most abundant 
species. Medians with first and third quartiles, whiskers are minima and maxima without 
outlyer and extremes. 
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Fig. 3.2-9: Rank abundance of species in the rock pools of sampling D. Sorted by abundance. All 
samples pooled. log abundance = logarithm of the number of individuals. 

3.2.6. Discussion 

The studies focused on the rock pools in the riverbed of the Comoé River. As for the rocky banks 

of the river net-sampling in rock pools is difficult due to the numerous cracks and rock-formations 

under which the beetles may escape from the dipnet. The method applied in this study – to completely 

empty the rock pools – proofed to be very effective for quantitative sampling. In contrast to 

Hydrophilidae and Heteroptera, Dytiscidae and Noteridae flee into deeper water when swept onto the 

shore, and usually tried to creep back into the water body (N. Reintjes, pers. obs.). Therefore, the loss 

of beetles flying away before they could be sampled is negligible. The same effect was put to use in 

the second step of sampling. The net hanging in a bucket of water ensured that the beetles staid in the 

net until they were removed from it. The data on Dytiscidae and Noteridae thus can be considered as 

quantitative whereas those on Heteroptera and Hydrophilidae should be taken as semi-quantitative 

data. 

A total of 44 species of Dytiscidae and Noteridae, thus more than 60% of the species registered in 

the 1999 inventory study (see chapter 2.3), were found in the rock pools of the Comoé River6. This is 

true, although in the latter more than two thirds of the species only occurred occasionally. The high 

proportion of species recorded in the rock pools illustrates their important role in the entire system. 

This result stands in contrast to the general finding that coleoptera play a minor role in habitats with 

                                                      
6 Additional discussion on species level see chapter 4. 
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low permanence (Williams 1996). This rough rule, however, is based on results from temperate 

climates where permanent waters are more abundant than in the studied savannah.  

Artificially filled rock pools 

This part of the study examined whether adult beetles are on the wing in order to colonize water 

bodies during dry season. The depressions were filled with filtered water and had had no substrata that 

might have served as refuge for any stage to pass the dry period. The rock had been exposed to full 

sun all the dry season and therefore any propagules would have been exposed to unphysiologically 

high temperatures. All insect colonization thus must have been airborne.  

Adult Notonectidae and Hydrophilidae had colonized the artificial rock pools. Both groups are 

known to be early colonizers (Sheldon 1984). Like Dytiscidae and Noteridae, Hydrophilidae seem to 

be attracted by the reflections of water surfaces (Landin 1980). The large surface of the near main 

water body of the Comoé River may have attracted the insects into the area7. 

All seven rock pools were colonized by beetles. Furthermore, the abundance was very high given 

the short period the waters were open for colonization. Moreover, with more than a third of the species 

found in the region (chapter 2.3), species richness is prominent. In a study in Canada, all the 33 

species of aquatic beetles found within a radius of 10km were recorded in artificial ponds exposed for 

colonization (Fernando & Galbraith 1973). These ponds, however, were open for colonization and 

sampled for four years. Twelve artificial ponds in Sweden exposed for more than four months yielded 

223 individuals in ten species (Nilsson & Svensson 1995). In the study presented here, colonization of 

more than 1,500 individuals in 26 species in the families Dytiscidae and Noteridae alone must have 

taken place within five days only. The number of beetles entering the rock pools might even be higher, 

because the beetles were not hindered in leaving the water body (as in the Swedisch study). This high 

abundance and species richness demonstrate the high potential of colonization during this period of the 

year.  

The questions arises, where the beetles came from. When the artificial rock pools were 

established, evaporation levels were high due to climatic conditions. Therefore, new rock pools were 

separated from the main body of the Comoé River and others desiccated entirely. These desiccating 

pools may have served as a source of colonizing beetles. In the savannah the process of desiccation 

continued as well. Although small temporary lentic savannah waters were dry for a while, larger ones 

and pools in lotic systems were still in process of desiccation. These might have been another source 

of colonization for the artificial rock pools. 

The comparison of the species assemblages in the artificial rock pools with those recorded in 

January in temporary waters of the savannah (see chapter 3.1) reveals high similarities. Twenty-two of 

the 26 species had been recorded in the sampled waters in January and three of the four principal 

                                                      
7 The role of the main water body of the Comoé River for the beetles is discussed in chapter 4. 
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species had been principal species in the lentic savannah waters in January as well. The four species 

lacking in the savannah waters (compared to the artificial rock pools) are Hydroglyphus angularis, 

Copelatus sylvaticus, E. griseus and Y. chopardi. H. angularis and C. sylvaticus were found with only 

two, E. griseus with 15 individuals. The relatively high number of E. griseus may be explained by the 

fact that this species seems to move together in large groups (Kingsley 1985, N. Reintjes, pers. obs.). 

Three of these species were – although rarely – found in savannah habitats in the course of the study. 

In contrast, Y. chopardi was never recorded in the savannah. With 90 individuals the species was 

abundant (subdominant) in the artificial rock pools. The source of colonization in this species, 

therefore, must have been another one8.  

The high similarity of species assemblages between the artificial rock pools on the one hand and 

the savannah creek Lola (NESS(10) = 0.64) and particularly the temporary savannah ponds (NESS(10) 

= 0.78) in January on the other hand suggests that the individuals colonizing the artificial rock pools 

may in fact have come from desiccating savannah waters. 

Naturally filled rock pools 

Sampling A 

Taking an inventory of Dytiscidae and Noteridae present in the rock pools during dry season 

examined to which extend water bodies in the riverbed of the permanent Comoé River were utilised by 

these beetles in this period.  

Fish had been recorded in the three biggest rock pools (A3, A15, A18) indicating either that the 

rock pools had not been empty prior to the rains mid February or that they had been connected with 

the main water body of the Comoé during these rainfalls. Tadpoles were found in most of the rock 

pools. Studies performed at the very same rocky area showed that Hoplobatrachus occipitalis spawns 

into rock pools immediately after and parly already during their formation (Spieler & Linsenmair 

1997). 

All pools except the smallest contained beetles. Thus, even pools with as little as 0.05 m² surface 

and 2 cm depth were colonized. Artificial ponds in experiments in the temperate zone only attracted 

flying Dytiscidae, when exceeding a certain size. In contrast to the bigger ones (1.57 m²) small 

containers (0.07 m²) were not colonized at all, although they were exposed for colonization during 

more than four months (Nilsson & Svensson 1995). The beetles probably found the small rock pools 

in the study presented here, because they were attracted by other water surfaces in the vicinity (the 

main water body of the Comoé and bigger rock pools in the rocky area9). 

                                                      
8 Further discussion in chapter 4. 
9 Discussion of the role of the main body of the Comoé River for the orientation of the beetles see chapter 4. 
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In fish-free temporary waters large-bodied active carnivorous insects are top aquatic predators 

(Batzer 1996). Food supply seemed to be sufficient at the time the samples for the inventory were 

taken. Dytiscidae are carnivorous and have a wide range of diet including insect larvae and small 

vertebrates like tadpoles (Klausnitzer 1996). Potential prey in the rock pools were the eggs and larvae 

of mosquitoes as well as spawn and tadpoles of frogs. Mosquitoes were not sampled in the inventory, 

but were rarely observed in the sampled rock pools. A few rock pools in the rocky area, however, 

hosted plenty of mosquito larvae and pupae. Predators such as heteroptera and carnivorous beetles 

were not seen (and were probably missing by chance) in these rock pools. Thus, it can be hypothesised 

that mosquitoes had oviposited into all the rock pools but their offspring had fallen victim to predators 

in most of the sampled rock pools. Of higher relevance as food for the beetles certainly was spawn and 

tadpoles of frogs. At the moment of sampling, all but two rock pools contained tadpoles. The tadpoles 

of Hoplobatrachus occipitalis are carnivorous and preferably feed on tadpoles of other species (Rödel 

1996). Leftover of the carrion of tadpoles may have contributed to the diet of the beetles, as beetles 

were observed feeding on carrion of fish (N. Reintjes, pers. obs.).  

In contrast to biotic conditions, some abiotic conditions, particularly in the small but also in the 

bigger rock pools are not very favourable. Values of pH and conductivity were within a physiological 

tolerable range. Water temperatures, however, were extremely high due to exposure to full sun and 

temperature conduction from the black rocks. Maximal diurnal temperature exceeded 40 °C even at 

the deepest point of the water. Beetles in bigger and deeper rock pools may evade extreme 

temperatures during the day in colder areas near the bottom of the rock pool. It is remarkable, 

however, that the beetles in the very small and shallow rock pools can cope with these high 

temperatures. 

In general, the density of beetles in the rock pools was high. The medium density of 145 beetles 

per square meter surprises, since no three-dimensional structure (e.g. submerse vegetation) was 

prevalent except the rocky bottom. Likewise, species richness per volume or area was high with a 

maximum of three species per litre, respectively 60 species per square meter.  

The species assemblages in the rock pools were dominated by one species. This is true, although 

the assemblages were newly formed and cannot be considered stable. Species richness and (ln of) 

abundance was positively correlated with the size of the rock pools. This correlation cannot be a 

sampling artefact, since the rock pools were entirely emptied. The rock pools may be considered as an 

assemblage of islands in an archipelago (the rocky area). The found correlation is in general agreement 

with species-area curves of island biogeography (Rosenzweig 1995). Typical island curves have z-

values (characterising the slope of the line) of about 0.25-0.33 (Rosenzweig 1995). Those found in the 

rock pools were higher, thus species richness and abundance increased with sizes of the rock pool 

even more than the theory suggests.  

More than half of the species recorded in the inventory study (see chapter 3.1) were found in the 

rock pools in sampling A. Two thirds of the species in the inventory study accounted for less than 
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0.32% each (sporadic) and thus were unlikely to be found frequently in the study area. The diversity in 

the rock pools, therefore, has to be considered as very high. 

The overall most abundant species was Y. nigrosignata. Its overall dominance, however, 

originates in a very high abundance in one of the large rock pools (A3). Regarding the single rock 

pools, Y. nigrosignata was the dominant species only in two rock pools. In most of the rock pools, 

however, Hydroglyphus gr. dak. was the most abundant species. The latter had been even eudominant 

in the artificial rock pools. Hydroglyphus gr. dak. plays a major role in the sampled savannah waters as 

well. In the inventory samplings in January (see chapter 3.1) the species was dominant in the lentic 

savannah waters and subdominant in Lola creek .  

Similarity between sampling A and the artificial rock pools was high, but with the savannah 

waters only intermediate. This might be interpreted in two ways. One argumentation is that the 

artificial rock pools and the rock pools in sampling A have a common source that is not the set of 

sampled savannah waters. Another interpretation is that the artificial rock pools as well as the rock 

pools in sampling A were actually colonized by beetles originating from the savannah waters. The 

comparatively lower similarity can be explained with the assumption that only a subset of species 

moves towards the Comoé River and colonizes rock pools.  

Sampling B and C 

Scrutinizing the fauna of rock pools a few hours after their formation investigated the potential of 

quick colonizers. The African tiger frog H. occipitalis had spawned into all but one rock pool. This 

species is known to be a very early colonizer (Spieler & Linsenmair 1997). Notonectidae, found in all 

rock pools, are also known to be good colonizers (Sheldon 1984). Beetles were recorded in all 

sampled rock pools. The dominant species were Y. chopardi, Y. nigrosignata, Hydroglyphus gr. dak. 

and H. speculum. Y. nigrosignata and Hydroglyphus gr. dak. also were numerically the most important 

species in sampling A. The other two species had been recedent or subdominant in the artificial rock 

pools and sampling A.  

Since the rock pools had no water prior to precipitations at the beginning of the respective nights, 

and aquatic beetles preferably fly during night and dawn (Fernando & Galbraith 1973; Klausnitzer 

1996; Lewis & Taylor 1968), colonization most likely happened during the rain or within the hours 

between the end of the rain and sunrise. The difference in abundance and species richness between 

sampling B and C most likely was an effect of differing amounts of precipitation: the rock pools in 

sampling C had received far more precipitation and thus were bigger than in sampling B. The higher 

precipitation prior to sampling C might, furthermore, have induced more flight activity than the little 

rain prior to sampling B. Additionally it has to be noted that precipitation in the study area often is 

spatially very patchy. 

Taking the short period for colonization into account, abundance and species richness were very 

high compared to the published records. For example, only 223 individuals of Dytiscidae in ten 
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species were trapped in a four-months study (Nilsson & Svensson 1995). With the same 

argumentation as for the artificial rock pools airborne colonization can be identified as the source of 

beetles. 

Sampling D 

At the time of sampling D several precipitations had occurred and water bodies in the savannah 

were abundant. The rock pools only persisted little longer, before the rising water level of the Comoé 

River flooded them. Therefore, one would hypothesize that the beetles had flown into the savannah in 

order to colonize the newly formed water bodies. The inventory of the rock pools thus should find no 

or only few beetles. 

Compared to the other samplings of the rock pools, abundance and species richness of beetles in 

sampling D actually were very low. Four rock pools were even lacking beetles. Rock pools with fish 

had been excluded from this sampling. As predators of the beetles, fish reduce the abundance of 

beetles present in the rock pool. The result that only few beetles were found in this inventory would, 

therefore, be even more evident if rock pools with fish had not been excluded.  

More than 80% of the specimens were Y. chopardi. This, however, is not due to an increased 

number of individuals of this species, but reflects a decrease of the abundance of other species. The 

only record of Y. chopardi in the entire study area is, apart from the rock pools described here, a rock 

pool in the riverbed of the Kongo River. The species was repeatedly observed in copula in the rock 

pools in May (N. Reintjes, pers. obs.), whereas copulations were never observed in any other species. 

This suggests that rock pools play a more eminent role in the life cycle of Y. chopardi compared to 

other species10. Other species that had been recorded in the rock pools before, were in sampling D 

either not present at all or in very low abundance.  

Lack of potential prey can be excluded as a reason for the scarcity of beetles in sampling D, since 

tadpoles and insect larvae were present. Due to regular precipitation and low radiation under the 

cloudy sky abiotic conditions were even better than during the rest of the study period. High mortality 

would explain the low abundance. However, no indications are obvious for this assumption. The 

working hypothesis for sampling D was that no or only few beetles would be in the rock pools at this 

period, since they flew into the savannah. Given the results presented this hypothesis cannot be 

falsified.  

Overall discussion 

Resuming the entire study of the rock pools, the importance of water bodies in the riverbed of the 

Comoé River in the aquatic system becomes clear. More than 10,000 beetles and more than half of the 

                                                      
10 Additional discussion on Y. chopardi see chapter 4. 
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species recorded in Comoé National Park were found in the rock pools. Furthermore species 

assemblages in the rock pools during dry season were similar to those in savannah ponds. 

Colonization of the rock pools must have been airborne by flying beetles. Colonization was 

intense during dry season, when savannah waters were desiccating. However, after several rains, 

resulting in the filling of temporary savannah waters, the rock pools were almost bare of beetles.  

These results justify the hypothesis that the recorded Dytiscidae and Noteridae in Comoé National 

Park fly from desiccating savannah waters to the rock pools of the Comoé River during dry season. 

They pass the dry season in these rock pools11, if necessary shifting to neighbouring rock pools, and 

fly back into the savannah after precipitations at the onset of the rainy season.  

 

                                                      
11 The role of the main body of the Comoé River as a habitat for the beetles during dry season is discussed in 

chapter 4.  
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3.3. Dytiscidae and Noteridae attracted by artificial ponds in a West 

African savannah at the onset of the rainy season 

3.3.1. Abstract 

 Research was done on a temporary water system in the savannah of the Comoé National Park, 

Ivory Coast, West Africa. The climate is governed by a pronounced dry season, resulting in 

desiccation of the majority of savannah waters. In the context of research on life-history traits of 

Dytiscidae and Noteridae, the experimental set-up of the study monitored the colonization of 

savannah ponds at the beginning of the rainy season. 

 Two artificial ponds with a sealed bottom were installed in the open savannah and filled with 

filtered water. The ponds were controlled for colonizing Noteridae and Dytiscidae daily from 

March 29th to April 8th and from April 11th to 26th. The setting limited colonization to an airborne 

one.  

 On every sampling date Noteridae and / or Dytiscidae were recorded. In the entire study 2,744 

individuals in 44 species and 16 genera were found. The most abundant species (principal species) 

were Uvarus retiarius, Hydroglyphus gr. dak., Leiodytes evanescens, Laccophilus congener and 

Yola nigrosignata. The principal species as well as most of the less common species were 

recorded throughout the study period.  

 After precipitation abundance and species richness were higher. The peaks in abundance and 

species richness occurred in the morning following a night with precipitation, if the rains end in 

the evening or early night. If the rains last until the early morning hours, peaks of beetles were 

found after the following night. 

 Thirty-four (77%) of the species found in the artificial savannah ponds had been recorded in rock 

pools of the Comoé River during dry season. The principal species in the artificial savannah ponds 

had been principal species in samplings of the rock pools as well. 

 The results of this study support the following hypothesis: At least the majority of the beetles 

found in the artificial savannah ponds12 passed the dry season as adults in remnants of the Comoé 

River or other water bodies available during dry season. Precipitations in the beginning rainy 

season stimulated them to leave their waters and to fly into the savannah in order to colonize 

newly formed temporary water bodies. 

                                                      
12 Additional discussion of some species is given in chapter 4. 
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3.3.2. Introduction 

Temporary waters are widespread and of great importance particularly in the arid and semi-arid 

regions of the world (Comín & Williams 1994). Seasonality of the climate in the savannah give rise to 

numerous water bodies during rainy season which desiccate again during dry season. Despite their 

value for scientific research (e.g. Williams 1996) and for conservational issues (e.g. Williams 1997), 

knowledge on the ecology of temporary waters is very defective (Schwartz & Jenkins 2000).  

The hydroperiod and thus the time of desiccation of the temporary water body may be more or 

less predictable. In the savannah, the climate is highly seasonal and thus desiccation of the water 

bodies and refilling of the depressions is on an annual scale very predictable. Predictable changes of 

environmental conditions select for life-history adaptations of the inhabiting organisms. For example, 

the development of dispersal strategies is influenced by the temporal stability of the habitat (Paradis 

1998).  

In predictably ephemeral aquatic habitats species exhibit two general strategies of aestivation 

during the dry period and of recolonization (Batzer 1996). The species may (1) have a drought 

resistant stage in the substrate (e.g. crustaceans) or (2) migrate between the temporary water body and 

another habitat (e.g. many insects) (Wissinger 1997). Among aquatic insects, this habitat may be 

terrestrial (e.g. most Odonata) or another water body (e.g. some Coleoptera and Heteroptera) (Wiggins 

et al. 1980). Diving beetles have realised both life-history strategies. Unfavourable seasons are passed 

in a dormant stage in the substrate (Garcia et al. 1990), or in a terrestrial (Boulton 1989; Braasch 1989; 

Galewski 1964; Hilsenhoff 1993) or aquatic (Braasch 1989; Hilsenhoff 1993) habitat away from the 

water body used in the rainy season. The strategy of Dytiscidae employed for passing winter freezing 

may differ considerably between species, even within the same genus (Nilsson 1986). 

The mode of passing the dry phase of a temporary water body determines the way of colonization 

of the newly formed water body at the onset of the rainy season. Organisms with drought resistant 

stages in the substrate may quickly resume activity after flooding (e.g. Hildrew 1985). Those animals 

that left the temporary water body during dry season have to either recolonize the same habitat or a 

similar one within their dispersal range. Most adult aquatic insects are capable of active flight (Hynes 

1984) and flight is widespread as mode of dispersal among aquatic insects (Bilton et al. 2001). 

Dytiscidae are known to be good flyers and colonizers (Klausnitzer 1996). However, the timing of 

colonization is crucial for the colonization and reproduction success of the species. In the savannah, 

new temporary water bodies are formed after precipitation. The pattern of precipitation at the onset of 

the rainy season and consequently the persistence of the newly formed temporary water bodies is 

highly unpredictable. Thus, rain events should stimulate dispersal and hence colonization. Rain as well 

as (or in concert with) other factors actually causes many beetle species to disperse (Williams & 

Feltmate 1992). The species may, however, react differently according to their risk-spreading 

strategies. 
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In the savannah of the Comoé National Park (Ivory Coast, West Africa) Dytiscidae and Noteridae 

utilise temporary water bodies as habitat and were recorded throughout the entire dry season in aquatic 

habitats (chapter 3.1). At the peak of the dry season beetles were present in the riverbed of the 

permanent Comoé River, a habitat that is completely flooded in rainy season (chapter 3.2). These 

results suggest that the species recorded there adopt cyclic migration between the temporary savannah 

waters and permanent water bodies in the region. This strategy would involve recolonization of the 

newly formed waters by flying adults following precipitation at the onset of the rainy season. 

In order to monitor the process of colonization at the beginning of the rainy season, artificial 

ponds were installed in the open savannah. Colonization was restricted to an airborne one 

(consequently exclusively adults). The ponds were controlled for adult beetles daily for two 

continuous periods of 11 respectively 16 days. It was analysed whether precipitation had an influence 

on abundance and diversity of the beetles. 

3.3.3. Study sites 

For a general description of the Comoé National Park, its climate and aquatic system see chapters 

2.2.4 and 3.1.3. Two artificial ponds were installed March 1999 in the open savannah close to the 

research station near the Lola-Creek. The distance to the Lola creek was 100m and to the Comoé River 

270m. The two ponds (T1 and T2) were at a distance of 2m to each other. 

Logger at the research station at a distance of 500m from the artificial ponds recorded 

temperature (Campbell 50Y Temperature) and precipitation (Campbell ARG Tip Bucket Raingauge). 

During the period of study (March 27th to April 26th) temperature dropped at night to a mean minimal 

of 22.0°C (1st quartile 21.1°C, 3rd quartile 22.9°C), and rose to a mean maximum of 37.2°C (1st 

quartile 35.5°C, 3rd quartile 38.5°C) during the day (Fig. 3.3-1). In the course of the study period a 

total of 150.2mm precipitation was recorded (Fig. 3.3-1). Except 0.4mm all precipitation fell in the 

evenings, at night or in the early mornings (Table 3.3-1). In the study period begin of civil twilight 

changed from 5:57 to 5:42 a.m. and sunrise from 6:18 to 6:04 a.m., sunset from 18:28 to 18:27 p.m. 

and end of civil twilight from 18:49 to 18:48 p.m. (U.S. Naval Observatory 2004).  

3.3.4. Material and methods 

The bottom of the pond was sealed with concrete. Each pond measured approximately 180cm in 

diameter and had a maximal depth of 12-17cm, resulting in a volume of about 240 litres. A 40cm high 

drift fence surrounded each pond to keep anurans from spawning and mammals from damaging the 

pond's edges. 
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Fig. 3.3-1: Climate e mo r rch station from March 1st to April 30th. Daily in um (Tm
ximum Tm ) te pe ture and precipitatio (P ) o pr on  night 
ned to o tes ep ding on time of precipitation (for details see Table 3.3-1). 

Table 3.3-1: Precipitation at the Comoé research station during the nights from March 27th to April 
26th. Dates are given in lines and hours in columns. Hours with precipitation are shaded and 
the amount of precipitation is given in mm. Additionally 0.4mm fell during the day (outside 
the listed times). 
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March 27th / 28th   1.8 2.8  1.8 0.2   6.6
March 29th / 30th   55.6 10.2 0.2 0.4 0.6 2 0.6 0.4 0.2    70.2
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In order to reduce the impact of the fresh concrete on the chemical composition of the water, the 

ponds were washed twice with water. They were filled with filtered (500µm mesh size) water from the 

Comoé River on March 28th. During the study period evaporation was compensated by adding filtered 

water and thus the water levels were kept constant.  

From March 29th to April 8th and from April 11th to 26th the ponds were sampled daily in the 

mornings. Temperature, conductivity (WTW LF 196) and pH (WTW pH 91) were measured before 

collecting the water beetles. A dipnet (40µm mesh size) was moved rigorously in a standardised way 

through the entire water body. Dytiscidae were hand-collected from the net or collected with an 

exhaustor from a sheet, on which the content of the net had been emptied. This procedure was 

repeated until no Dytiscidae were caught in two consecutive sweeping events. The beetles were 

preserved for determination in 70% alcohol. The vast majority of specimens was determined to species 

level following the most recent revisions (see chapter 2.3). To cope with the high number of 

individuals, however, some species groups were established, enclosing similar and closely related 

species (Table 3.3-2). For the analysis and statistics these species groupes were treated in the same 

way as true species. Determinations were spot checked by taxonomists. Specimens remain in the 

private collection of the first author, but a reference collection will be deposited in the Natural History 

Museum Vienna.  

Table 3.3-2: Species that were united to species groups in samples of the artificial savannah ponds. 
Species are known from the study area, but were not distinguished during sorting and 
determination. In analysis the species groups are treated like species. 

Species group Species Species group Species 
Clypeodytes sp. C. bedeli Hydrovatus sp. H. abraeoides 
 C. cribrosus  H. brevipilis 
 C. meriodionalis  H. facetus 
Copelatus gr. erichs. C. astrosulcatus  H. occidentalis 
 C. erichsoni  H. parvulus 
 C. nigrostriatus  H. regimbarti 
Copelatus sgr. assimilis C. crassus  H. reticuliceps 
 C. epactus  H. senegalensis 
Hydrovatus sp. H. balneator Hyphydrus gr. sign. H. maculatus 
largebrown H. insolitus  H. signatus 
 H. suturalis Laccophilus gr. verm. L. mediocris 
   L. modestus 
  Laccophilus sp.gr. L. adspersus nigeriensis 
   L. comoensis n.sp. 
   L. epinephes 
   L. evanescens 
   L. nodieri 
   L. vermiculosus 
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Sampling efficiency was controlled April 7th. Having sampled the ponds T1 and T2 in the usual 

manner, the ponds were emptied, passing the water through a dip net (500µm mesh size). Beetles 

eventually missed with the sweeping method were collected thereby, facilitating an estimation of 

error. Finally, the water was poured back into the ponds. 

Statistical methods 

The estimated total species richness was calculated by extrapolation procedures applying the 

software programme EstimateS 6.0b1 (Colwell 2000). The estimators were Chao1 (abundance-based 

estimator of species richness, (Chao 1984)), Chao2 (incidence-based estimator of species richness, 

(Chao 1987)) and ICE (Incidence-based Coverage Estimator of species richness, (Lee & Chao 1994)). 

3.3.5. Results 

Trapping efficiency in T1 was 97.6%. Unfortunately, the sample from T2 April 7th was lost and 

sampling of T1 April 8th was uncompleted. Therefore, trapping efficiency in T2 could not be 

estimated. 

On every sampling date beetles were found in the pools. In the entire study 2,744 individuals in 

44 species and 16 genera were recorded (Table 3.3-3). Extrapolation of species richness indicates that 

up to 77 species can be expected (species richness estimator ± SD: ICE: 57.6 ± 0.03; Chao1 and 

Chao2: 76.7 ± 26.3). 

In T1 1,398 individuals in 37 species and in T2 1,346 individuals in 35 species were found. The 

number of species (paired t-test, n=26, df=25, T=-0.066, p>0.05) and individuals (paired t-test, n=26, 

df=25, T=0.100, p>0.05) per sampling day did not differ significantly between T1 and T2. Species 

richness and abundance were correlated to each other in both pools (correlation Pearson, T1 n=27, 

r=0.610, p<0.001; T2 n=26, r=0.803, p<0.001; two-tailed test).  

Pooling all samples in this study, principal species (more than 3.1%; "Hauptarten" according to 

(Engelmann 1978)) are in order of dominance Uvarus retiarius, Hydroglyphus gr. dak., Leiodytes 

evanescens, Laccophilus congener and Yola nigrosignata (Table 3.3-3). Pseuduvarus vitticollis, 

Bidessus sodalis and Laccophilus gr. verm. were recedent (1.0-3.1%), and Hyphydrus impressus, 

Uvarus baoulicus, Hydrovatus sp., Laccophilus pallescens, Canthydrus xanthinus, Laccophilus 

inornatus and Hyphydrus caryerus subrecedent (0.32-0.99%). The remaining 29 species only occurred 

sporadically. 

Among the principal species U. retiarius and Hydroglyphus gr. dak. were found on each of the 27 

sampling days. L. evanescens and Y. nigrosignata were present on 13 and L. congener on 22 sampling 

days from the beginning to the end of the study (Table 3.3-4). The recedent species were present in 

low abundance, but high number of samplings: P. vitticollis on 21, B. sodalis on 14 and L. gr. verm. on 

15 sampling days. These records cover the entire study period. The 6 to 10 records of the subrecedent 

species are spread over a period of at least 24 days. 



3.3. Colonization of artificial savannah ponds 101

Table 3.3-3: List of species and their abundances recorded in the artificial savannah ponds. Absolute 
and percentages, sorted by dominance. All samples were pooled. Only adults were registered. 
Solid lines separate dominance groups (according to (Engelmann 1978)). 

Species # % Species # % 
Uvarus retiarius 1,253 45.7 Bidessus pergranulum 4 0.1 
Hydroglyphus gr. dak. 717 26.1 Laccophilus sp. gr. 3 0.1 
Leiodytes evanescens 180 6.6 Hydroglyphus speculum 3 0.1 
Laccophilus congener 138 5.0 Hydrocanthus micans 3 0.1 
Yola nigrosignata 131 4.8 Copelatus sgr. assimilis 3 0.1 
Pseuduvarus vitticollis 75 2.7 Leiodytes hieroglyphicus 2 0.1 
Bidessus sodalis 41 1.5 Hydrovatus gabonicus 2 0.1 
Laccophilus gr. verm. 29 1.1 Canthydrus bisignatus 2 0.1 
Hyphydrus impressus 23 0.8 Yola mocquerysi 1 0.0 
Uvarus baoulicus 18 0.7 Rhantaticus congestus 1 0.0 
Hydrovatus sp. 17 0.6 Laccophilus laeticulus 1 0.0 
Laccophilus pallescens 12 0.4 Hydrovatus sp. largebrown 1 0.0 
Canthydrus xanthinus 12 0.4 Hydrovatus pictulus 1 0.0 
Laccophilus inornatus 9 0.33 Hydroglyphus flavoguttatus 1 0.0 
Hyphydrus caryerus 9 0.33 Hydroglyphus angularis 1 0.0 
Copelatus sylvaticus 8 0.29 Hydrocanthus parvulus 1 0.0 
Eretes griseus 7 0.26 Hydaticus matruelis 1 0.0 
Bidessus toumodiensis 7 0.26 Hydaticus leander 1 0.0 
Laccophilus taeniolatus 6 0.2 Hydaticus exclamationis 1 0.0 
Hydaticus dorsiger 6 0.2 Copelatus togoensis 1 0.0 
Clypeodytes sp. 6 0.2 Copelatus gr. erichs. 1 0.0 
Hyphydrus gr. sign. 4 0.1 Clypeodytes proditus 1 0.0 
  sum 2,744 

 

After precipitation abundance (Fig. 3.3-2) and species richness (Fig. 3.3-3) were higher than 

before. The peaks in abundance and species richness occurred in the morning following the night with 

precipitation, if the rains ended in the evening or early night (precipitation March 29th / 30th and April 

17th, Table 3.3-1). If the rains lasted until the early morning hours, peaks of beetles were found after 

the following night (precipitation April 6th / 7th, 15th, 21st 24th, Table 3.3-1). In the next days after a 

rain, abundance and species richness were higher than prior to the rain, but both measures decreased 

quickly.  



3.3. Colonization of artificial savannah ponds 102

25
.0

3.
99

01
.0

4.
99

08
.0

4.
99

15
.0

4.
99

22
.0

4.
99

0

10

20

30

40

50

60

70

80

pr
ec

ip
ita

tio
n 

[m
m

]

0

50

100

150

200

250

ab
un

da
nc

e 
[n

um
be

r o
f i

nd
iv

id
ua

ls
]

 T1_abundance
 T2_abundance
 precipitation

 

Fig. 3.3-2: Abundance of beetles in the artificial savannah ponds T1 and T2 and precipitation during 
the study period. Note: sampling of T1 April 8th was not completed. 
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Fig. 3.3-3: Species richness in the artificial savannah ponds T1 and T2 and precipitation during the 
study period. Note: sampling of T1 April 8th was not completed. 
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Table 3.3-4: Temporal pattern of species' abundance in the samples of the artificial savannah ponds. 
Samples from T1 and T2 of the same date were pooled. When species occured dates are 
shaded and the abundance is given. Only adults were registered. * only T1. 

Species 

M
ar

 2
9th

M
ar

 3
0th

M
ar

 3
1st

A
pr

 0
1st

A
pr

 0
2nd

A
pr

 0
3rd

A
pr

 0
4th

A
pr

 0
5th

A
pr

 0
6th

*A
pr

 0
7th

A
pr

 0
8th

A
pr

 1
1th

A
pr

 1
2th

Bidessus pergranulum  1 1 1   
Bidessus sodalis  2 4 6 6 2 1 4   
Bidessus toumodiensis   2 1 1 1   
Canthydrus bisignatus    1 1    
Canthydrus xanthinus   1 2 1    
Clypeodytes proditus    1    
Clypeodytes sp.   2 1 1  1  
Copelatus gr. erichs.       
Copelatus sgr. assimilis  1  1    
Copelatus sylvaticus    2 3   
Copelatus togoensis       
Eretes griseus    2   
Hydaticus dorsiger   2    
Hydaticus exclamationis    1   
Hydaticus leander       
Hydaticus matruelis       
Hydrocanthus micans  1  1    
Hydrocanthus parvulus    1    
Hydroglyphus angularis    1    
Hydroglyphus flavoguttatus       
Hydroglyphus gr. dak. 3 47 24 17 35 23 22 15 12 17 77 12 24 
Hydroglyphus speculum       
Hydrovatus gabonicus  1  1    
Hydrovatus pictulus    1    
Hydrovatus sp.  3 2 4 1 1    
Hydrovatus sp. largebrown    1    
Hyphydrus caryerus  3 1 2    
Hyphydrus gr. sign.  1  1 1    
Hyphydrus impressus  7 2 3 2 1 1 2 1   
Laccophilus congener 1 20 7 4 2 5 2 4 15 2 1 
Laccophilus gr. verm.  7 2 1 2 1 1 1 1 
Laccophilus inornatus  1 1 2 1 1   
Laccophilus laeticulus       
Laccophilus pallescens  5 1 2    
Laccophilus sp. gr.  2  1    
Laccophilus taeniolatus   1 1 1 2   
Leiodytes evanescens 5 150 2 3    
Leiodytes hieroglyphicus    1 1    
Pseuduvarus vitticollis  11 1 3 2 1 3 4 2 5 1 2 
Rhantaticus congestus    1   
Uvarus baoulicus  2 4 3 1 2 2 1   
Uvarus retiarius 7 95 80 40 41 52 36 22 16 6 109 6 8 
Yola mocquerysi       
Yola nigrosignata 2 73 13 1 1 1 6   
species 5 20 20 15 24 11 9 5 7 5 17 6 5 
individuals 18 433 153 86 110 88 71 42 42 28 231 23 36 
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Table 3.3-4: Temporal pattern of species' abundance in the samples (continued). 

Species 

A
pr

 1
3th

A
pr

 1
4th

A
pr

 1
5th

A
pr

 1
6th

A
pr

 1
7th

A
pr

 1
8th

A
pr

 1
9th

A
pr

 2
0th

A
pr

 2
1st

A
pr

 2
2nd

A
pr

 2
3rd

A
pr

 2
4th

A
pr

 2
5th

A
pr

 2
6th

To
ta

l 

Bidessus pergranulum    1    4
Bidessus sodalis 1   1 2 6 1 3  2  41
Bidessus toumodiensis    1  1  7
Canthydrus bisignatus       2
Canthydrus xanthinus  1  1 2 2  2  12
Clypeodytes proditus       1
Clypeodytes sp.      1 6
Copelatus gr. erichs.      1 1
Copelatus sgr. assimilis    1    3
Copelatus sylvaticus    1 1 1    8
Copelatus togoensis    1    1
Eretes griseus    1 3   1 7
Hydaticus dorsiger    1 2 1    6
Hydaticus exclamationis       1
Hydaticus leander    1    1
Hydaticus matruelis    1    1
Hydrocanthus micans     1  3
Hydrocanthus parvulus       1
Hydroglyphus angularis       1
Hydrogl. flavoguttatus  1     1
Hydroglyphus gr. dak. 28 21 26 33 16 75 48 23 19 39 6 9 21 25 717
Hydroglyphus speculum   1 1  1  3
Hydrovatus gabonicus       2
Hydrovatus pictulus       1
Hydrovatus sp.    2 1 1 2  17
Hydrovatus sp. largebrown       1
Hyphydrus caryerus    1 1  1  9
Hyphydrus gr. sign.    1    4
Hyphydrus impressus    1  3  23
Laccophilus congener   1 5 2 22 4 7 9 6 1  8 10 138
Laccophilus gr. verm.    4 1 1 3 1  1 2 29
Laccophilus inornatus    1 2    9
Laccophilus laeticulus     1  1
Laccophilus pallescens    1 1 1  1  12
Laccophilus sp. gr.       3
Laccophilus taeniolatus    1    6
Leiodytes evanescens    2 7 2 1 2 2 1 1 2 180
Leiodytes hieroglyphicus       2
Pseuduvarus vitticollis 5 2  4 5 8 4 3  3 6 75
Rhantaticus congestus       1
Uvarus baoulicus 1   2    18
Uvarus retiarius 11 6 2 19 24 79 58 19 27 298 7 10 115 60 1,253
Yola mocquerysi    1    1
Yola nigrosignata    1 24 4 2 1  2  131
species 5 5 4 8 7 15 13 12 8 15 4 4 17 9 44
individuals 46 31 30 65 51 222 137 63 66 362 15 21 166 108 2,744
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3.3.6. Discussion 

By exposing artificial ponds the process of colonization at the beginning of the rainy season was 

studied. Sampling efficiency was near 100%. Since the bottom of the ponds was unstructured and the 

ponds did not contain any aquatic vegetation, the beetles could not escape from the net. The repetition 

of the sampling process until no beetles were found, proved to be highly efficient. It has to be noted, 

however, that control of sampling efficiency was affected by the loss of one set of samples.  

The time frame in which individuals terminate aestivation may be short and may differ between 

species according to their risk strategy facing the highly unpredictable aquatic system at the beginning 

of the rainy season. If this is the case, one would expect to find species temporarily clumped. During 

the period of colonization in this study none of the species seemed to be temporarily clustered on a 

presence / absence level. A wide temporary distribution is true at least for the principal species. Even 

the records of the less numerous species were spread throughout the study period. The latter species 

only accounted for less than 3.2% each and their absence in a given sample thus may be due to overall 

rareness of the species. However, it must be taken into account that species may have had their 

seasonal abundance peak outside the period of this study and thus would here be considered rare or 

absent. Furthermore, species might have been present at the same time in other waters but not in the 

sampled artificial ponds. Other effects may camouflage species specific simultaneous termination of 

aestivation: (1) Varying the time of colonization flights may occur between individuals of a species as 

a mode of temporal risk-spreading (Hopper 1999). Reasons for differing times of colonization may be 

the status of the habitat the colonizers come from, as well as genotypic or phenotypic variation of the 

individuals (Hopper 1999). (2) The colonizing beetles do not come obligatorily straight from their 

aestivation locations. Among the beetles recorded in the study, individuals may have moved from one 

water body to another searching repeatedly for adequate oviposition sites. 

Precipitation is an important structuring factor for the aquatic system in the savannah, particularly 

at the onset of the rainy season. The study aimed at investigating the influence of precipitation on 

abundance and species richness of colonizing beetles at this period. Both measures increased strongly 

after precipitation. This is particularly true for the first heavy rain of the year in the night March 29th / 

30th, but also for the precipitations in April. The light rains March 27th / 28th obviously were not 

sufficient to initiate colonization of the artificial ponds. Eventually a strong precipitation had to 

precede in order to initiate flight activity. Data for this hypothesis, however, are not very strong, since 

only one sampling day preceded the excessive rain in the night March 29th / 30th .  

The phase (time) of precipitation determined whether the increased number of beetles were found 

the morning following precipitation or one day later. Although very little data are available, it may be 

assumed that beetles fly preferably during night or dawn. Dytiscidae fly particularly during periods of 

bright moon light (Klausnitzer 1996). A bimodal diel periodicity with morning and evening peaks was 

found for species of Hydrophilidae (Fernando & Galbraith 1973; Lewis & Taylor 1968). In Comoé 
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National Park the days at the beginning rainy season are characterised by high temperatures and low 

humidity. Flying during the day would bear a high risk of water loss. Furthermore aerial predators may 

be more prevalent during daytime hours.  

Given the hypothesis that flight is initiated by precipitation and limited by the coming day, only a 

few hours remain for dispersal flights and colonization, if this precipitation occurred in the early 

morning hours. Thus, the rain affects the number of flying beetles in the following night rather than 

the night of precipitation. The data suggest that a rain has positive influence on abundance and species 

richness of the beetles for a few consecutive days, since both features were higher compared to the 

respective days prior to the rains. However, since the rains occurred relatively close to each other, 

effects of rains may overlap and clear analysis of the data is not possible. Active dispersal may be 

triggered by changing environmental conditions (Bilton et al. 2001). Studies on the effects of changing 

conditions in the water body on the behaviour of some species of aquatic coleoptera and heteroptera 

showed that cues of water loss initiated flight (Velasco & Millan 1998). In the study presented here, 

however, the changing conditions due to precipitation do not deteriorate conditions in the habitat, but 

indicate the formation of new, more appropriate habitats elsewhere. Studies investigating this situation 

are lacking. 

In the previous discussion it is already anticipated that beetles colonizing the artificial ponds have 

been adults. The daily sampling ensured that the beetles trapped had colonized the water body as adult 

close before sampling. In a desert stream in Arizona (USA) most of the colonizing insects arrived as 

adults (Gray 1981). Likewise, artificial water bodies in Canada were colonized by adult beetles 

(Fernando & Galbraith 1973).  

Furthermore, it was anticipated that the beetles had flown into the ponds. An airborne 

colonization was the only reasonable mode of colonization in the experimental setting of this study. 

Another source of colonization may theoretically have been life-history stages passing the dry season 

in the ground. This mode can be excluded for two reasons. At the places where the artificial ponds 

were established, no natural water existed before. Assuming that beetles passed the dry season in the 

vicinity of the artificial ponds, would mean to assume that stages of beetles are far away from natural 

water in the open savannah. The most striking argument against a soilborne colonization, however, is 

that the bottoms of the artificial ponds were sealed with concrete. Airborne colonization by aquatic 

coleoptera was also found in artificial habitats exposed for colonization in Canada (Fernando & 

Galbraith 1973). The authors assume that the beetles fly randomly into the habitats and leave if they 

turn out unsuitable. Artificial ponds in Sweden attracted flying Dytiscidae, when the ponds exceeded a 

certain size (Nilsson & Svensson 1995). 

Although flightlessness also occurs among diving beetles (Bilton 1994; Jackson 1956), the vast 

majority of species and populations in this family is capable of flight. Aquatic beetles are able to fly 

actively up to 10 km and even longer distances may be passed with the help of wind (Klausnitzer 
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1996). The distance between the permanent Comoé River and the artificial savannah ponds only is a 

few hundred meters and therefore, feasible even for small beetles.  

Comparing the species assemblages in the artificial pools with those recorded in the rock pools of 

the Comoé riverbed from January to March (see chapter 3.2) show high similarities. During the entire 

study of the artificial savannah ponds, nine species were found that had not been registered in the 

Comoé rock pools (eight of them in a total abundance of less than ten individuals). On the other hand 

35 of the 44 species were recorded in both habitats. The five principal species in the artificial savannah 

ponds all had been principal species in at least one of the sampling sets at the rock pools in the 

riverbed of the Comoé River (four of them in sampling A).  

The results of this study, therefore, support the following hypothetical scenario: the beetles – or at 

least the vast majority – found in the artificial savannah ponds passed the dry season as adults in the 

remnants of the Comoé River or other water bodies available during dry season. The precipitations in 

the beginning rainy season stimulated them to leave their waters and fly into the savannah in order to 

colonize newly formed temporary water bodies. 
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3.4. Adult diving beetles (Coleoptera: Dytiscidae: Dytiscinae) recorded 

from January to May 1999 in Comoé National Park, Ivory Coast  

The results given in this chapter were presented within the symposium "Aspects of biogeography and 

biodiversity research in Africa" at the XXIst International Congress of Entomology, Foz do Iguazu, 

Brazil, 20-26 August 2000. Furthermore, this chapter has been published: Reintjes, N. & K. E. 

Linsenmair (2001): Cimbebasia 17: 245-250. Except changes in order to adopt the publication as a 

chapter of this document, the text is given here as it had been published. 

3.4.1. Abstract 

 Owing to the highly seasonal climate in the West African savannah, the majority of water bodies 

dry out during the pronounced dry season. Adult Dytiscinae were sampled from January to May 

1999 during the dry and the beginning of the rainy season from ephemeral pools in the savannah 

and the riverbed of the Comoé National Park, Ivory Coast, West Africa. The two lotic and two 

lentic sites were a river, a creek and two temporary ponds. Additional sites were sampled 

selectively.  

 Twelve species in four genera were collected in all, Hydaticus bivittatus Castelnau and Eretes 

sticticus (Linnaeus) being new to the Ivory Coast. Species assemblages were shown to differ 

between lentic and lotic sites. Rhantaticus congestus (Klug) was the dominant species of all 

surveyed sites, followed by Hydaticus matruelis Clarke and H. dorsiger Aubé.  

 The results are discussed in relation to life-history strategies to bridge temporary periods of 

limited water availability. 

3.4.2. Introduction 

Research on the diving beetle family Dytiscidae in the tropics has predominantly focused on the 

taxonomy and systematics of the group. Hence the taxonomy of African Dytiscidae is relatively well 

known, although extensive revisionary work is still underway. Ecological studies of diving beetles are, 

however, scarce for the tropical regions of the world. As a consequence, our knowledge on the 

ecology of these insects on community and species level is extremely poor.  

Temporary water bodies, resulting from erratic or seasonal precipitation, are to be found 

throughout the world, and play an essential economic and ecological role in arid and semi-arid regions 

(Comín & Williams 1994). Temporary ponds may support a distinct fauna and thus contribute 

considerably to the overall invertebrate community of a region (Williams 1997). Desiccation of their 

habitat is a major challenge to aquatic invertebrates and requires adaptations such as physiological 

tolerance, ability to migrate or life-history adaptations (Williams 1996). Diving beetles have 
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developed a number of life-history strategies that may differ considerably, even within the same genus 

(Nilsson 1986). Unfavourable seasons are tolerated in different life stages and in different habitats 

(Galewski 1964; Garcia et al. 1990; Hicks & Larson 1995).  

Results presented here are based upon research conducted in Comoé National Park in northern 

Ivory Coast, West Africa. Since the climate in this savannah is characterised by a pronounced dry 

season of five to six months (Porembski 1991), the vast majority of water bodies in the park are 

ephemeral (Rödel 2000). In order to investigate which strategies resident diving beetles adopt during 

unfavourable periods, water bodies were monitored to determine Dytiscidae communities during the 

dry season and the onset of the rainy season of 1999. Results presented here are restricted to the study 

of adults of the subfamily Dytiscinae.  

3.4.3. Study sites 

A general description of the Comoé National Park, its climate and aquatic system in general is 

given in chapters 2.2.4. Four sites as focal waters and a further ten additional ephemeral water bodies 

were selected for study. For a description of the study sites and of the alteration of water levels during 

the study period see chapter 3.1.3 and Fig. 3.4-1. 

3.4.4. Methods 

Beetles were sampled using a 30 cm wide triangular dip-net, with a 500 µm mesh size. Three 

vigorous back and forth sweeps were carried out over a stretch of one metre in shallow areas at each 

sampling station. Beetles were then removed from the net and preserved in 70% alcohol for further 

study. This procedure was repeated twice along the same stretch. Stretches at the focal sites were 

selected and sampled at three or six week intervals, from January to May 1999. The number of 

samples taken per site was determined by surface area. This sampling regime yielded a total of 89 

samples (Lola: 36; Kongo: 39; Pond A: 5; Pond B: 9) (Fig. 3.4-1). 

The additional temporary water bodies (total 18 samples) and the main body of the Comoé River 

(total 9 samples) were examined in the same manner on an irregular basis. From 23rd February to 14th 

March 29 rock pools in the Comoé riverbed were sampled. Their volume ranged from 0.5 litre to 

1,049 litres (median 28.5 litres, 1st quartile 12 litres; 3rd quartile 67.5 litres). The rock pools were 

drained entirely through a net and the adult Dytiscinae were hand-collected. Species determination 

followed Guignot (1961). Specimens remain in the private collection of the first author, but a 

reference collection will be deposited at the Natural History Museum in Vienna, Austria. 
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Fig. 3.4-1: Water levels and sampling schedule for Dytiscinae from calendar week 53/1998 to week 
21/1999. Dashed bar - no surface water; thin bar - surface water prevalent, thick bar - creek 
or river flowing). The thin line above the bars indicate the sampling periods and the number 
of samples is given. 

3.4.5. Results 

A total of 429 adult Dytiscinae of 12 species in four genera (Adults of H. dorsiger, H. matruelis 

and R. congestus were sampled throughout the entire study period. Other species were collected more 

irregularly. Adults of all species were, however, recorded before the water bodies were re-established 

at the end of March (week 13) and, with the exception of C. vicinus, H. flavolineatus and H. leander, 

prior to the first rains in early February (week 5) (Fig. 3.4-1 and Table 3.4-2). 

Table 3.4-1Table 3.4-1) were sampled. Rhantaticus congestus (Klug, 1833) was the dominant 

species in the samples, followed by Hydaticus matruelis Clark, 1864, and H. dorsiger Aubé, 1838. 

Table 3.4-1 indicates the sites from which particular species were sampled. Hydaticus dorsiger, R. 

congestus and Cybister gschwendtneri Guignot, 1931, were sampled in all water bodies. Cybister 

marginicollis Boheman, 1848, was recorded in four specified locations, and H. matruelis and Cybister 

vulneratus Klug, 1834, in three. Eretes sticticus (Linnaeus, 1767), Hydaticus exclamationis Aubé, 

1838, Hydaticus bivittatus Castelnau, 1834, and H. flavolineatus Boheman, 1848, were sampled in two 

and H. leander (Rossi, 1790), in one. Cybister vicinus Zimmermann, 1917, was not recorded in the 

waters but came to the artificial light in our research camp at night. Species composition appears to 

differ between lentic and lotic sites. In the two ponds five species were recorded, whereas six species 

were caught in the Kongo River, seven in the rock pools of the Comoé River and ten species in Lola 

Creek.  
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Adults of H. dorsiger, H. matruelis and R. congestus were sampled throughout the entire study 

period. Other species were collected more irregularly. Adults of all species were, however, recorded 

before the water bodies were re-established at the end of March (week 13) and, with the exception of 

C. vicinus, H. flavolineatus and H. leander, prior to the first rains in early February (week 5) (Fig. 

3.4-1 and Table 3.4-2). 

Table 3.4-1: Records of adult Dytiscinae in the studied water bodies. Shaded, when species was 
sampled in the water body. For a description of the sampled water bodies see chapter 3.4.4. 

Species Pond A Pond B Kongo Lola Comoé others 
Eretes sticticus       
Hydaticus exclamationis       
Hydaticus bivittatus       
Hydaticus flavolineatus       
Hydaticus leander       
Hydaticus matruelis       
Hydaticus dorsiger       
Rhantaticus congestus       
Cybister vulneratus       
Cybister vicinus       
Cybister marginicollis       
Cybister gschwendtneri       

 

Table 3.4-2: Temporal pattern of presence of adult Dytiscinae in the studied water bodies. Shaded, 
when species was recorded in the calendar week.  

 calendar week 
 53 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Eretes sticticus                      
Hydaticus exclamationis                      
Hydaticus bivittatus                      
Hydaticus flavolineatus                      
Hydaticus leander                      
Hydaticus matruelis                      
Hydaticus dorsiger                      
Rhantaticus congestus                      
Cybister vulneratus                      
Cybister vicinus                      
Cybister marginicollis                      
Cybister gschwendtneri                      

 

3.4.6. Discussion 

Hydaticus bivittatus and Eretes sticticus are recorded for the first time from the Ivory Coast. The 

other sampled species have been recorded from the Ivory Coast before (Bilardo & Pederzani 1978; 

Forge 1979; Guignot 1943). All the records from our study correspond with the distribution patterns of 

Guignot (1961b).  
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Adults of the species recorded here prefer lentic water bodies and are rarely found in flowing 

rivers and creeks (N. Reintjes, unpubl. data). Our study clearly indicates, however that they also utilise 

lotic water bodies during non-flow periods. Nevertheless, our study pools in riverbeds indicated a 

different dytiscine assemblage than savannah ponds. Explanation of the causes for the respective 

species composition will require additional fieldwork.  

Since open water bodies become very scarce during the dry season, this is a highly unfavourable 

period for aquatic insects dependent on surface water. Diving beetles exhibit a range of life-history 

strategies to cope with such conditions. Dry periods may be bridged as egg, larval, pupal or adult 

stages. Even in closely related species, different strategies are prevalent. Nilsson (1986) distinguishes 

five different strategies in northern European Agabini (including three genera of Dytiscidae) where 

overwintering occurs as eggs, larvae, or adults and even flexible life cycle modes or semivoltine 

combinations. In the northern temperate zone, the most prevalent overwintering strategy within the 

subfamily Dytiscinae is as adults, though overwintering habitats differ between species. Most 

Dytiscinae, e.g. Cybister fimbriolatus Say, 1823 (Hilsenhoff 1993), use aquatic environments; 

Dytiscus circumcinctus Ahrens, 1811, overwinters in both aquatic and terrestrial habitats (Roughley 

1990); and species of the genera Thermonectus Dejean, 1833 (Hilsenhoff 1993) and Hydaticus Leach, 

1817 (Galewski 1964) overwinter exclusively in terrestrial habitats.  

Adults of almost all the Dytiscinae recorded here were sampled during the dry season, indicating 

that these species may bridge this period as adults. Since all records were obtained from natural water 

bodies, aquatic habitats serve as a refuge for aestivation of these adult Dytiscinae. Aestivating adults 

capable of flight may rapidly colonize newly formed water bodies at the onset of the wet season. 

Investigations on the phenology of immature stages and adults under field conditions, as well as 

laboratory experiments on reproductive conditions, may yield additional information on life-history 

traits of selected species.  
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4. General discussion 

The knowledge on aquatic ecosystems in developing countries is poor. Effort recently was made 

by the International Association of Theoretical and Applied Limnology, editing reviews on 

limnological country studies (Gopal & Wetzel 1995; Wetzel & Gopal 1999, 2001). Limnological 

studies in Africa focused on large rivers and lakes, but largely neglected small aquatic systems like 

temporary savannah waters. The significance of temporary waters is more and more acknowledged 

(Schwartz & Jenkins 2000) and their value for conservational issues (e.g. Williams 1997) and for 

scientific research (e.g. Williams 1996) is admitted.  

The ecological significance of temporary waters is among others expressed by the species 

assemblages they host. Faunal diversity in temporary waters is high and often higher than in 

permanent waters (Williams 2000). Temporary ponds may, furthermore, support a distinct fauna and 

thus contribute considerably to the diversity of the entire invertebrate community of a region 

(Williams 1997). The results presented here mostly derive from temporary waters and show a high 

diversity in Dyticidae and Noteridae. Neither a detailed analysis of the species assemblages in 

individual water bodies nor a comparison with permanent water bodies were presented here. The 

overall high species richness, however, underlines the postulated high biodiversity of temporary 

waters.  

Species assemblages in local communities are structured by an interplay of several factors (Morin 

1999). The regional species pool represents the species theoretically available to form local 

communities and is determined by large scale processes like evolutionary history and physiological 

abilities of the organisms and by historical events (Zobel 1997). For the understanding of local species 

richness the knowledge of the regional species pool is crucial (Zobel 1997). In the study presented, the 

regional species pool covers the Dytiscidae and Noteridae in the West African Guinea savannah. Since 

collections in this region are very defective, this species pool cannot be described satisfactorily. In the 

studies presented here more than 100 species were recorded (chapter 2.3), one species was newly 

described (chapter 2.1) and material for further taxonomic and faunistic considerations was collected. 

The studies therefore contribute greatly to the knowledge of the regional species pool.  

Whether a species is likely to be member of the regional species pool may be derived from the 

species' distribution. Since studies of aquatic beetles in Africa are based on material collected from 

relatively few spots the distribution maps for most species of Dytiscidae and Noteridae are 

fragmentary. The records of thirty of the species were first published for the Ivory Coast and gaps in 

the known distribution could be filled for many species (chapter 2.2 and 2.3). 

The study focussed on some aspects of the life-history of adult Dytiscidae and Noteridae and 

asked how they cope with the loss of aquatic habitats during the long dry season. Diving beetles have 

developed a number of life-history strategies that may differ considerably concerning the life stages 



4. General Discussion 116

and the habitat for passing unfavourable conditions (Boulton 1989; Galewski 1964; Garcia et al. 1990; 

Hicks & Larson 1995; Nilsson 1986). One option for individuals living in temporary waters is the 

cyclic migration (sensu Wissinger 1997) between temporary and permanent water bodies. 

Prerequisites for applying this mode have to be fulfilled, namely an adequate timing and way of 

dispersal as well as detection of the water bodies to be colonized.  

Environmental conditions such as water depth or temperature may trigger the moment to leave 

the temporary water body (Velasco & Millan 1998). In the studies presented here, beetles were found 

in the temporary water bodies near to desiccation (chapter 3.1) and as long as free water was available 

(N. Reintjes, unpubl. data). The beetles proved to be very fast colonizers as temporary rock pools in 

the riverbed of the Comoé River were colonized within hours after their genesis. Artificial savannah 

waters were colonized at the onset of the rainy season when numerous depressions are filled by 

precipitation and conditions for reproduction are good. Obviously, the beetles are good colonizers and 

manage to temporarily adopt their dispersal according to environmental conditions.  

As Dytiscidae in general are good flyers (Klausnitzer 1996), the expected mode of dispersal of 

these beetles in the study was by flying adults. Flight capacity was confirmed for the majority of 

species. Forty-four species were recorded in rock pools in the riverbed of the Comoé River (chapter 

3.2), where other modes of colonization than by flying adults can be excluded. Likewise 44 species 

were found in artificial savannah ponds (chapter 3.3) that were open only for aerial colonization. The 

two data sets comprise 53 species. 

Twenty-one species, however, were found in the inventory (chapter 3.1) that neither occurred in 

the rock pools (chapter 3.2) nor in the artificial savannah ponds (chapter 3.3). Were these species 

missing because they were not capable of flight? Six of these species (Cybister marginicollis, 

Hydrocanthus grandis, Hydrocoptus sp., Hydrovatus parallelipennis, Peschetius parvus and 

Synchortus sp.) were found in light traps (N. Reintjes, unpubl. data). Additionally, in mark and 

recapture studies Cybister gschwendtneri and C. vulneratus proved to be capable of flight (Reintjes, 

unpubl. data). Further light trapping would be necessary in order to evaluate flight capacity of the 

other species. To indicate flightlessness, however, absence from light traps is not a sufficient criterion, 

but morphometric studies of the wings and the associated wing muscles of the species in question are 

needed. The result that at least the vast majority of species in the highly seasonal savannah of Comoé 

National Park is capable of flight is in agreement with theory: habitat persistence selects for reduced 

dispersal capability, but dispersal should be essential for the success of insect species exploiting 

temporary habitats (Zera & Denno 1997; Zera & Harshman 2001).  

For flying insects in general (Sheldon 1984), and aquatic beetles in particular (Klausnitzer 1996; 

Nilsson 1997) the reflecting surfaces of water bodies are a cue to descend. In the riverbed of the 

Comoé River except one all rock pools, and even a rock pool with a surface as little as 0.05m² and a 

volume of one litre, were colonized by Dytiscidae and / or Noteridae. Temporary water bodies thus are 

effectively detected by the beetles. The large reflecting surface of the Comoé River may guide the 



4. General Discussion 117

beetles into the riverbed. It remains unclear, whether the beetles then choose the rock pools selectively 

or whether they also land in the main body of the Comoé River.  

The studies presented here did not examine the role of the main body of the Comoé River for the 

beetles. At the river banks aquatic beetles may also find adequate habitats. The potential habitat, 

however, certainly differs according to the biology and size of the species in question. During dry 

season smaller species of Dytiscidae (Copelatinae, Hydroporinae, Laccophilinae) were caught with a 

dipnet under stones or leaf-litter and bigger species (Dytiscinae) using baited funnel traps in shallow 

rocky areas of the banks (N. Reintjes, unpubl. data). The very shallow areas of only one or two 

centimetres water depth could be particularly attractive for the small beetles since fish as predators 

have no access and little cracks in the rocks may be used as shelter. If it holds true that during dry 

season not only the rock pools, but also the banks of the main water bodies are adequate for Dytiscidae 

and Noteridae, the Comoé River offers an enormous quantity of aquatic habitats for aestivation. 

Whether habitats are adequate or not strongly depends – beside other factors – on the presence 

and abundance of predators. For the big Dytiscinae only vertebrates, particularly fish, but also birds as 

the Hamerkop (Scopus umbretta, Scopidae) are potential predators. Smaller species may additionally 

fall victim to invertebrate predators such as dragonfly larvae [Larson, 1990 #436]. Dytiscidae, 

however, are excellent swimmer and have developed mechanisms of chemical defence [Dettner, 1985 

#854; Klausnitzer, 1996 #415]. To which extend species are potential prey strongly depends on the 

size and biology of predator and prey. Laboratory experiments showed that Hydroporinae were caught 

by small fish and dragonfly larvae, but were spit out alive immediately (N. Reintjes, unpubl. data). 

Furthermore, population density of the predator, of the prey in question and of additionally available 

prey as well as the habitat characteristics determine the relevance of specific predator-prey 

interrelationships. Comprehensive studies are necessary in order to judge the significance of particular 

predators on the distribution and behaviour of aquatic beetles in the different water bodies in Comoé 

National Park. Approaches could be gut analysis of odonata and fish as well as additional laboratory 

experiments. 

The studies presented here demonstrate survival of adults in aquatic habitats within the study area 

to be the general mode of passing the dry season. Some remarkable results on the species found in the 

inventory (chapter 3.1) but not in the rock pools (chapter 3.2) and in the artificial savannah ponds 

(chapter 3.3), however, might point to alternative aestivation strategies. Hydrocanthis grandis was not 

only missing in the rock pools but was not found in sampling periods II-V at all (total 6 records) (see 

Table 3.1-4). Likewise Hydrocoptus sp. was not found in periods III and IV although present in twelve 

of the 23 samples in period I. None of the ten records of Methles cribatellus and none of the 16 

records of Methles sp. small fell within period II-IV. Thus no adults of these species were found in 

aquatic habitats during the peak of the dry season. Therefore, one might hypothesise other modes of 

aestivation than the assumed cyclic migration between temporary and permanent water bodies. It has 

to be noted, however, that these species were relatively rare. (Only twelve of the 21 species found in 
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the inventory, but not in the rock pools or the artificial savannah ponds, were recorded in the inventory 

study in more than 3% of the samples.) Interpretation of absence in general and particularly when 

dealing with less abundant species inevitably remains speculative.  

In periods II-IV the majority of the sampled waters were remnants of the Kongo River and the 

Lola Creek. Methles cribatellus never was found in these waters and Methles sp. small only in Lola 

Creek after the creek had been filled by precipitation again. Outside the riverbeds water bodies are 

very scarce during dry season. Probably these species aestivate in terrestrial habitats.  

On the other hand species stand out because they only were recorded in dry season and never 

were found in savannah ponds within the study area. Yola enigmatica was recorded only in the rock 

pools of sampling A and in remnants of Lola Creek and Kongo River (in February). With more than 

500 individuals Yolina chopardi was abundant in the rock pools of the Comoé riverbed, but was not 

found in the savannah waters in the inventory study or in the artificial savannah ponds. Probably these 

species passed the dry season in the water bodies of the study area, but left for their rainy season 

habitats outside the study area. Two directions of migration are conceivable. Individuals may migrate 

north when precipitation in rainy season fills temporary water bodies in the Sudan-savannah. Or they 

may migrate longer distances from the aquatic system of the Comoé River east or west to areas, where 

no permanent rivers are available during dry season. The geographic distribution of Y. enigmatica fits 

the idea of north-south migration, since the species was mostly found in dry regions. Probably it had 

never been recorded in the Ivory Coast before, because individuals are present there only for a limited 

period during dry season.  

 

Synthesis 

The studies clearly showed that adult Dytiscidae and Noteridae were prevalent throughout the dry 

season. The effective aerial colonization of rock pools in the riverbed of the permanent Comoé River 

by adult Dytiscidae and Noteridae indicated that the beetles were flying and searching for aquatic 

habitats during dry season. At the onset of the rainy season artificial ponds in the savannah were 

colonized by flying adults and species richness and abundance of colonizing beetles was higher after 

precipitation.  

Although direct migration could not be observed with the methods applied, the results of these 

studies support the hypothesis that most species of Dytiscidae and Noteridae of the Comoé National 

Park fly from desiccating savannah waters to the riverbed of the Comoé River (or other water bodies) 

during dry season. There they pass the dry season and fly back into the savannah after precipitation at 

the onset of the rainy season. 

These considerations are on a generalising level. Detailed reflections for the single species are – 

with exceptions – not given here. Nevertheless the information supplied in this presentation is a good 

source to extract information on the biology of individual species.  
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5. Summary 

The studies inventoried the species of the families Dytiscidae and Noteridae (Coleoptera) in 

Comoé National Park in northern Ivory Coast, West Africa and investigated the ecological role of 

temporary and permanent water bodies for the aestivation of these aquatic beetles. The ecological 

studies focused on the question how the beetles cope with the temporary loss of their aquatic habitats 

during dry season. The climate in the study area is characterised by a pronounced dry season from 

about November to March/April, in which the temporary ponds and creeks in the savannah entirely 

desiccate. The only available water bodies during dry season in Comoé National Park are the Comoé 

River, pools in some of its tributaries, and a few of the large savannah ponds.  

The taxonomic and faunistic analysis revealed a high species richness in the study area and 

yielded a total of twelve species of Noteridae in four genera and 95 species of Dytiscidae in 22 genera. 

Thirty of these species had not yet been reported from the Ivory Coast. A description of a new species 

in the genus Laccophilus is given, named L. comoensis in honour of the National Park. Strong 

incidences exist that the material includes more species yet unknown to science. 

Concerning the mode of aestivation, observations in pilot studies led to the working hypothesis 

that the beetles pass the dry season as adults in aquatic habitats. Consequently, presence of adults in 

aquatic habitats throughout the dry season and cyclic migration of adults between temporary and 

permanent water bodies was expected.  

Regular sampling of water bodies13 throughout the dry season and beginning rainy season yielded 

33,705 individuals in 72 species and 26 genera. In all the sample periods Noteridae and / or Dytiscidae 

were recorded. The number of species per period was between 36 and 58. It is concluded that in 

Comoé National Park a) at least parts of the populations of the recorded species pass the dry season as 

adults and b) aquatic habitats serve as a refuge for aestivation of these adult beetles. 

In a rocky area in the riverbed of the permanent Comoé River four sets of studies were performed 

during dry and beginning rainy season. According to the working hypothesis beetles should be 

searching for adequate aquatic habitats as long as temporary savannah waters are becoming 

inhospitable and are falling dry. Seven rock pools in the riverbed of the Comoé River were artificially 

filled and thus offered for colonization at the peak of the dry season (end of January). After five days 

the rock pools were quantitatively sampled by completely emptying them. All the rock pools were 

colonized by Dytiscidae and / or Noteridae and with a total of 1,507 individuals in 26 species 

abundance and diversity were high.  

Habitats for aestivation are needed most, when the majority of the savannah waters are fallen dry. 

Little precipitation on February 18th 1999 had filled rock pools in the riverbed of the Comoé River but 

                                                      
13 Lola Creek, Kongo River, Comoé River, several ponds in the savannah 
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no pools in the savannah, where the rain was immediately absorbed by the very dry soil. An inventory 

of beetles was performed in 21 naturally filled rock pools five to 20 days after this precipitation. The 

sampling yielded 8,456 individuals in 41 species. Except the smallest, all rock pools contained beetles. 

The result showed that Dytiscidae and Noteridae utilise the rock pools as aquatic habitat during dry 

season. 

Beetles adapted to a highly seasonal environment like the aquatic system in the study area should 

be good colonizers. Sampling of four, respectively five rock pools at two occasions within 24 hours 

after the start of precipitation examined the potential of colonizers at that period (March). Prior to 

these precipitations the pools had been completely dry. Dytiscidae were already present in all rock 

pools and a total of 434 Dytiscidae in 14 species was found.  

The working hypothesis of cyclic migration suggests that the beetles should leave the rock pools 

at the onset of the rainy season when precipitation had filled temporary water bodies in the savannah. 

After several precipitation events an inventory of 13 rock pools of the Comoé River in May controlled 

for adult beetles. Only four species with 126 individuals were still found, of which Yolina chopardi 

contributed 81.7%. This species seems to differ from the other recorded species in the use of habitats, 

since it was never recorded in the savannah. In general, however, diversity and abundance of 

Dytiscidae and Noteridae in the rock pools, as expected, was low after the onset of the rainy season. 

During the entire study of the rock pools in the riverbed of the Comoé River 10,523 individuals in 

44 species and 18 genera were collected. Thus, more than half of the species recorded in Comoé 

National Park were found in the rock pools. The results suggest that the Comoé River and the rock 

pools in the riverbed serve as aquatic retreat for adult Dytiscidae and Noteridae during dry season 

when temporary water bodies in the savannah are desiccated. 

The suggested cyclic migration between water bodies predicts that newly formed savannah waters 

are recolonized by the beetles at the onset of the rainy season. This colonization should be a) by adults 

and b) airborne. Two artificial ponds in the open savannah were offered only for aerial colonization at 

the beginning of the rainy season. The ponds were controlled for adult Noteridae and Dytiscidae daily 

during one continuous phase of eleven and a second one of 16 days (end of March to end of April). On 

every sampling date Noteridae or Dytiscidae were recorded. In the entire study 2,744 individuals in 44 

species and 16 genera were collected. After precipitation, abundance and species richness increased. 

Thirty-five of the encountered species had been recorded in rock pools of the Comoé River before. 

The principal species in the artificial savannah ponds had been principal species in samplings of the 

rock pools as well.  

The results support the hypothesis of cyclic migration: most species of Dytiscidae and Noteridae 

of the Comoé National Park fly from desiccating savannah waters to permanent water bodies or water 

bodies holding water for extended times during dry season. They pass the dry season in these waters 

and fly back into the savannah after precipitation at the onset of the rainy season. Exceptions from this 

general rule are discussed. 
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6. Zusammenfassung 

Die Arbeit liefert zunächst eine umfassende Bestandsaufnahme der Schwimm- und Tauchkäfer 

(Coleoptera: Dytiscidae, Noteridae) des Comoé Nationalparks, Elfenbeinküste, Westafrika. Darauf 

aufbauend untersuchte die Studie die Rolle temporärer und permanenter Gewässer für die Über-

dauerung dieser Wasserkäfer. Die ökologischen Untersuchungen konzentrierten sich auf die Frage, 

wie diese Käfer auf den saisonalen partiellen Verlust ihres aquatischen Lebensraumes während der 

Trockenzeit reagieren. Das Klima im Untersuchungsgebiet wird von einer ausgeprägten Trockenzeit 

(etwa von November bis März/April) dominiert, die zur Austrocknung der temporären Tümpel und 

Bäche in der Savanne führt. Die einzigen während der Trockenzeit im Comoé Nationalpark verfüg-

baren Gewässer sind der Comoé Fluss, Pools in einigen seiner Zuflüsse sowie einige der großen 

Savannentümpel.  

Die taxonomischen und faunistischen Studien belegten eine hohe Artenzahl der betrachteten 

Käferfamilien im Untersuchungsgebiet. Die Bestandserfassung registrierte aus der Familie Noteridae 

zwölf Arten in vier Gattungen und aus der Familie Dytiscidae 95 Arten in 22 Gattungen. Das Vor-

kommen von 30 dieser Arten in der Elfenbeinküste wurde zum ersten Mal dokumentiert. Eine neue 

Art aus der Gattung Laccophilus, zu Ehren des Nationalparks L. comoensis genannt, wurde 

beschrieben. Das Material enthält höchstwahrscheinlich weitere unbeschriebene Arten. 

Aus Vorstudien leitete sich die Arbeitshypothese ab, dass die Käfer die Trockenzeit als Imago in 

aquatischen Lebensräumen verbringen. Es wurde daher erwartet, dass Imagines während der gesamten 

Trockenzeit zu finden sind und dass diese saisonal zyklisch zwischen temporären und permanenten 

Gewässern hin und her wandern.  

Die regelmäßige Beprobung von Gewässern14 während der Trocken- und beginnenden Regenzeit 

erbrachte 33.705 Imagines aus 72 Arten und 26 Gattungen. In allen Sammelzeiträumen wurden 

Noteriden und / oder Dytisciden gefunden. Die Artenzahl pro Sammelperiode lag zwischen 36 und 58. 

Daraus ergibt sich, dass im Comoé Nationalpark a) zumindest Teile der Populationen der 

nachgewiesenen Arten die Trockenzeit als Imagines verbringen und b) dass diese Arten aquatische 

Lebensräume als Rückzugsgebiete zur Überdauerung der Trockenzeit nutzen.  

Auf einer felsigen Fläche im Flussbett des permanenten Comoé Flusses wurden während der 

Trocken- und beginnenden Regenzeit vier Versuchseinheiten durchgeführt. Wenn adulte Käfer die 

Trockenzeit in permanenten Gewässern überdauern, dann sollten – gemäß der o.g. Arbeitshypothese –

Käfer auf der Suche nach geeigneten Gewässern sein, solange temporäre Savannengewässer trocken-

fallen. In einem ausgetrockneten felsigen Abschnitt des Comoé Flussbettes wurden in der Hoch-

Trockenzeit (Ende Januar) sieben Felstümpel künstlich aufgefüllt und zur Besiedlung angeboten. Nach 

                                                      
14 der Lola-Bach, die Flüsse Kongo und Comoé sowie einige Stillgewässer in der Savanne 
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fünf Tagen wurden diese durch vollständige Entleerung quantitativ besammelt. Sämtliche Felstümpel 

waren von Dytisciden und / oder Noteriden besiedelt. Insgesamt fand sich mit 1.507 Individuen aus 26 

Arten eine hohe Abundanz und Diversität.  

Geeignete Überdauerungshabitate werden insbesondere benötigt, wenn der überwiegende Teil der 

Savannengewässer ausgetrocknet ist. Leichte Niederschläge am 18. Februar 1999 füllten zwar 

Vertiefungen im felsigen Flussbett, nicht jedoch Savannentümpel, da dort das Wasser von der 

trockenen Erde sofort aufgenommen wurde. Eine Bestandserfassung der Käfer aus 21 natürlich 

gefüllten Felsgewässern fünf bis 20 Tage nach den genannten Niederschlägen, erbrachte 8.456 

Individuen aus 41 Arten. Abgesehen von dem kleinsten wurden alle Felsgewässer von Dytisciden und 

Noteriden genutzt. 

Käfer in einem derart saisonalen Habitat wie es das Gewässersystem im Untersuchungsgebiet 

darstellt, sollten gute Besiedler sein. Beprobungen von vier bzw. fünf zuvor vollständig ausgetrock-

neten Felsgewässern innerhalb von 24 Stunden nach dem Beginn zweier Niederschläge im März 

zeigten, dass die Käfer dieses Kriterium erfüllen: in sämtlichen Felstümpeln fanden sich Dytisciden. 

Insgesamt wurden 434 Individuen aus 14 Arten registriert. 

Die Arbeitshypothese der zyklischen Migration lässt erwarten, dass die Käfer die Felsgewässer 

verlassen, wenn Niederschläge zu Beginn der Regenzeit temporäre Savannengewässer aufgefüllt 

haben. Nach mehreren Niederschlägen lieferte eine Bestandsaufnahme von Käfern in 13 Felstümpeln 

im Mai lediglich 126 Individuen aus vier Arten. Yolina chopardi stellte mit 81,7% den Großteil der 

gefundenen Individuen. Diese Art scheint sich hinsichtlich der genutzten Habitate von den anderen 

nachgewiesenen Arten zu unterscheiden, da sie nie in Savannengewässern gefunden wurde. Wie 

erwartet war jedoch insgesamt die Diversität und Abundanz der Dytisciden und Noteriden nach 

Beginn der Regenzeit in den Felstümpeln gering. 

Im Laufe der Untersuchungen der Felsgewässer im Flussbett des Comoé Flusses wurden insge-

samt 10.523 Individuen in 44 Arten aus 18 Gattungen erfasst. Dies entspricht mehr als der Hälfte der 

im Comoé Nationalpark nachgewiesenen Arten. Die Ergebnisse legen nahe, dass der Comoé Fluss und 

die Felsgewässer im Flussbett für die Dytisciden und Noteriden wichtige aquatische Lebensräume 

während der Trockenzeit darstellen, wenn temporäre Gewässer in der Savanne ausgetrocknet sind.  

Die angenommene zyklische Wanderung sagt voraus, dass neu gebildete Savannengewässer zu 

Beginn der Regenzeit a) von Imagines und b) aus der Luft besiedelt werden. Zwei Kunsttümpel in der 

offenen Savanne wurden zu Beginn der Regenzeit zur Besiedlung aus der Luft angeboten und während 

einer elftägigen und einer 16-tägigen Phase (insgesamt Ende März bis Ende April) täglich auf adulte 

Noteriden und Dytisciden kontrolliert. An jedem Untersuchungstag wurden Käfer nachgewiesen. In 

der Studie fanden sich insgesamt 2.744 Individuen aus 44 Arten und 16 Gattungen. Nach Nieder-

schlägen waren die Individuen- und Artenzahl erhöht. Fünfunddreißig der Arten waren zuvor in den 

Felsgewässer des Comoé Flusses in der Trockenzeit nachgewiesen worden. Die Hauptarten der 

Kunsttümpel waren auch Hauptarten der beprobten Felstümpel gewesen. 
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Die Ergebnisse unterstützen die Hypothese der zyklischen Migration: die meisten Arten der 

Familie Dytiscidae und Noteridae des Comoé Nationalparks fliegen von austrocknenden Savannen-

gewässern zu permanenten Gewässern oder Wasserkörper, die über einen längeren Zeitraum während 

der Trockenzeit Wasser halten. Nachdem sie dort die Trockenzeit verbracht haben, fliegen sie nach 

Niederschlägen zu Beginn der Regenzeit zurück in die Savanne. Ausnahmen von dieser Regel werden 

diskutiert. 
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