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PREFACE

This identification guide is one of a series of ten books that include
keys to most of the fresh- and brackish-water invertebrates in southern
Africa. The paucity of identification guides suitable for non-specialists has
become a yawning gap in the tools available to scientists, managers and
scholars concerned with the assessment and management of water resources.
It is hoped that the present guides will be of value to these and other users,
and that the environment will benefit as a result. The principle aim of this
series is to synthesize much of the existing knowledge on the identification
of freshwater invertebrates into a standard format that is accessible to users
who wish to identify taxa beyond their field of expertise.

It is a truism that identification guides are perpetually out of date, par-
ticularly in terms of nomenclature, due to advances in systematics. To keep
abreast with some of the changes in nomenclature, readers are referred to
the Checklist of Aquatic Insects and Mites (hup://www.ru.ac.za/ aquata-
logue). There is also a possibility that the present series will be revised
periodically, but this is contingent on future funding.

Identification of taxa to species level is the ideal to which we would
like to strive, but for a number of reasons this is not always possible: the
present knowledge of taxa does not often permit such detailed identifica-
tion, and in instances where taxa are well-known, identification to such a
fine resolution is usually constrained by space considerations and cost
effectiveness. In some instances, particularly for small, relatively well-
researched groups such as the freshwater molluscs, taxa have, however,
been identified to species level. Since new species are constantly being
discovered, users of these guides are cautioned against attempting to
'make’ unusual specimens ‘fit’ existing keys to species level. Users are en-
couraged to inform experts of such specimens, to take note of new distri-
bution records, and to lodge all collections with well-known museums,
particularly those that are depositories for collections of freshwater inver-
tebrates (e.g. the Albany Museum, the South African Museum and the
Transvaal Museum).

This series includes an initial introductory volume containing general
information and a key to the higher invertebrate taxa. Subsequent volumes
contain keys to different invertebrate groups, most often logically clustered
together, but in some instances the need for cost-effectiveness has resulted
in the creation of some uncomfortable 'bedfellows’, such as the arachnids
and molluscs that are combined in Volume 6.

It should be noted that references have, in most cases, been limited to
key publications that will assist the reader in finding valuable sources of
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information. More extensive references have, however, been provided for
the Ephemeroptera and Odonata, principally in support of the extensive
checklists of taxa that have been provided with these chapters. Reference
lists may include some publications not cited in the text.

The books in the series are the culmination of years of effort by a large
number of people and organizations: Shirley Bethune, Jenny Day, Barbara
Stewart, Nancy Rayner and Maitland Seaman started the project in 1986;
Jenny Day, Bryan Davies and Jackie King initiated contact with authors
and began the editing process, and Barbara Stewart and Elizabeth Louw
later became involved in editing the Crustacea chapters. A decade later,
Chris Dickens successfully obtained funding from the Water Research
Commission (WRC) for the completion of the project, and later took on
the job of Project Leader; Steve Mitchell managed the project from the
WRC; Jenny Day took on the role of senior scientific editor, and Irene de
Moor was contracted as managing editor from 1998. All of those above
(with the exception of Nancy Rayner and Elizabeth Louw) as well as Mark
Chutter, Ferdy de Moor, Lil Haigh, Arthur Harrison, Rob Hart, and Martin
Villet, are part of the Editorial Board that was initially formed in 1998.

Numerous authors, including those in this book, have contributed time
and expertise towards the drafting of the keys. The authors have not been
paid for their efforts, which were given in the true spirit of science and a
love of their work. A small donation from the Zoological Society of South
Africa helped to initiate this project, but the series is largely a product of
the Southern African Society of Aquatic Scientists (SASAQS), whose mem-
bers are acknowledged for their support.

Umgeni Water, the Albany Museum, the Freshwater Research Unit
(University of Cape Town), the South African Museum and the WRC have
given organizational support at various stages of the publication.

Chris Dickens, Steve Mitchell & Irene de Moor




vi

ACKNOWLEDGEMENTS

The publication of this series of guides would not have been possible
without the enormous effort and dedication of a number of people and
organizations who have been mentioned in the Preface.

The following people and organizations are also acknowledged for their
assistance in the production of this volume: Ferdy de Moor, Fred Gess,
Sarah Gess and Helen Barber-James of the Albany Museum for providing
constant advice on editorial and technical details relating to the systematics
of freshwater invertebrates; Nikki Kohly, Nancy Bonsor and Sylvia de
Moor for their scientific illustrations and their assistance in tracing and
touching up existing figures; Bronwyn Tweedie, Debbie Brody and John
Keulder of the Graphics Services Unit, Rhodes University, for drawing the
maps and producing bromides, and Drinie van Rensburg of the WRC for
her advice on printing and text layout.

Further acknowledgements pertaining to particular chapters in this vol-
ume are given at the end of the chapters concerned.



vil

GEOGRAPHICAL REGION COVERED BY
THIS GUIDE

This series of invertebrate guides covers the southem African region,
defined as 'south of (and including) the Cunene Catchment in the west and
the Zambezi Catchment in the east’ (Fig. 1). Distribution records from fur-
ther afield are sometimes included for various reasons, particularly in cases
where keys to particular groups have historically been composed to cover a
wider region in Africa. The greatest collection effort has, however, focused
on catchments south of the Limpopo River (Fig. 2), so the emphasis has
naturally fallen on this region.

Chapter 2, on Ephemeroptera, represents a departure from the above con-
vention as it covers the whole Afrotropical region (see Fig 2.1,p. 17).

Collection efforts relating to most groups of freshwater invertebrates
fall far short of adequate coverage. Consequently, locality records of many
taxa are patchy and cannot be regarded as a good reflection of actual
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Fig. 1. Southern Africa: the region covered by this scres of invertchrase guides

KEY: The dark dashed line ropresents the northern boundary of the Cancne Catchment in the west and
the Zamben: Catchment in the cast
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distributions. For this reason the term ‘records’ has been used in preference
to 'distnibution’,

It is hoped that this series of guides will stimulate a greater collection
effort, which will in turn lead to the upgrading of geographical information
on the diversity of freshwater invertebrates in southern Africa. In order to
avoid meaningless references to place-names such as the ubiquitous
‘Rietfontein’, all records are related to countries, provinces or acceptable
regional names. To avoid the confusion that often arises in association
with regional names, a 'Glossary of place-names’ has been compiled (see
page 270), and a map of the new provincial boundaries in South Africa is
given below (Fig. 2).
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CHAPTER |

INTRODUCTION

by

F.C. de Moor & J A. Day

Many of the insects regarded as ‘aquatic’ only spend the immature
phases of their lives in the aquatic environment, the adults being terrestrial.
Some beetles and bugs do, however, remain in the aquatic environment
throughout their lives, except for brief flights from river to river or wetland
to wetland. Volumes 7-10 of this series deal with the insects of inland
waters. The two orders of insects best known in inland waters are the Col-
coptera (beetles), and the Diptera (flies and mosquitoes). Volume 9 is de-
voted to the Diptera and Volume 10 to the Coleoptera. Volume 7 deals with the
Ephemeroptera (mayflies), the Odonata (dragonflies and damselflies) and
the Plecoptera (stoneflies). Volume 8 deals with the Hemiptera (bugs), the
Megaloptera (dobson- and alderflies), the Neuroptera (lacewings), the
Lepidoptera (moths) and the Trichoptera (caddisflies).

General morphology of insects

It is relatively casy to place most adult insects in their respective orders,
but at first sight some larvae and nymphs are rather confusing. Indeed,
some dipteran larvae have virtually no obviously insectan features at all.
Insects such as mayflies and stoneflies serve to illustrate the basic morpho-
logical features in relatively unmodified form (Figs 1.1 & 1.3A), most
other orders exhibiting varying degrees of modification to the general plan.

Adults

Adult insects have three body divisions or tagmata: a head, which
appears to consist of a single unit but is derived from the fusion of six or
seven embryological segments; a thorax, which consists of three seg-
ments; and an abdomen, which primitively consists of eleven seg-
ments, although most insects appear to have ten segments, the last two
being fused. The brief description below serves to introduce the reader to
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Fig. 1.1 Ephemctoptera ‘typical adult showeg the distinctive anstomacal features of smects

the external morphological structure of insects. For details of the modifica-
tions of each of the parts described below, see the individual chapters. We
have tried as far as possible to use the same terms in each of the following
chapters and have alerted the reader where authors have insisted on using
different terms to describe the same features in the different insect orders.

T'he head bears a number of pairs of appendages, which may be vari-
ously modified and which provide some useful ordinal characters. Starting
at the anterior end, the antennae represent the first pair of appendages:
they are sensory and may be long or short, and bead-like, comb-like or
greatly reduced. The antennae are followed by three medial structures and
three pairs of mouthparts (Fig. 1.2), all used in feeding. First comes the
labrum (Fig. 1.2B), or upper lip, which is a median flap-like structure that
forms the upper border of the mouth. This is followed by the paired man-
dibles (Fig. 1.2 C-D) or jaws, used for crushing, cutting. scraping, or
piercing the food. Next come the paired maxillae (Fig. 1.2 E-F), which are
mostly sensory in function; each often bears a long segmented palp.
Medial to these mouthparts is the unpaired hypopharyax, (Fig. |.2H),
which is sometimes modified to form a tongue-like structure. The second
maxillae—which also bear palps—represent the last pair of mouthparts,
These fuse with the lower lip to form a complex structure usually known
simply as the labium (Fig. 1.2G). The maxillary and labial palps are usu-
ally used for touching, tasting and manipulating the food. In addition to
these appendages, the head also bears a pair of compound eyes and, in
some groups, two or three raised, light-sensitive ocelli.

The three segments of the thorax are known as the prothorax, the
mesothorax and the metathorax. Each bears a pair of jointed legs. From
proximal to distal, the segments are named the coxa, trochanter, femur,
tibia and tarsus. The tarsus may in turn be divided into 1-5 tarsal seg-
ments or tarsi. The legs normally end in one or two tarsal claws. With




Chapter |: Introduction 3

RIGHT LEF]

Frosscca
LABRUM

(LS R )

W 7 MANDIBLE

mav Hary
palp .
MAXHLLA
waper i ges
labal palp
HYPUFHARYNX
premertarn
LABIUM H lingua
powncreure
<
O
‘\‘ — _ p— /

Fig. 1.2 A head of 3 npwcal cphemeropieran nymph, in ventral view, mdcating the positeon of the
vanows typical mandibulate mouthparss. B-H, mouthparts, in ventral view B, labrum, €. nght mand)
ble, D, left mandible, E, nght maxila, F, left maxilla, G, lsbium, H, hypopharvex (removed from its
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few exceptions (including some Ephemeroptera and all Diptera, which
have one pair), insects have two pairs of wings, one each on the mesotho-
rax and the metathorax. The structure of the wings, and their venation
(details of the veins) are of taxonomic importance.

The abdomen bears no true segmented appendages but terminally may
carry a pair of multi-segmented cerci, and sometimes a third multiseg-
mented median filament. Posteriorly the abdomens of males and females
may be quite different. Details of the male claspers and aedeagus, or intro-
mittent organ, are often of great importance when identifying insects to
species, while the egg-laying organs or ovipositors of the females may
also be of use for identification in some cases.

Nymphs' (Fig. 1.3)

I'he morphology of nymphs (juveniles of insects that undergo incom-
plete metamorphosis) is very similar to that of the adults, except that the
wings and other appendages are not fully developed (e.g. Figs 1. 3A-H). It
is often possible to identify late-instar nymphs using keys to adults

Larvae (Figs 1.4 & 1.5)

Larvae (juveniles of insects that undergo complete metamorphosis) are
often very different from adults of the same taxon, and it may be impossi-
ble to correlate larvae to the adults of the same species, unless they are
reared out. The heads of most larval insects bear typical insectan mouth-
parts and may have ocelli, but not compound eyes; the thorax is typically
three-segmented, with three pairs of normal jointed legs (e.g. Figs 1.4A-1,
K, L), and the abdomen is legless but may bear one or more pairs of un-
jointed prolegs (e.g. Fig. 1.4L). Dipteran larvae (e.g. Fig. 1.5) and some
coleopteran larvae (Hydrophilidac and Curculionidae: Fig. 1.4J), do not
follow this pattern: they never have jointed thoracic legs (although un-
jointed prolegs may be present). Mouthparts may be entirely lacking, even
the mandibles being replaced by a pair of mouth hooks (¢.g. Figs 1.5H).

Pupae (Figs 1.7 & 1.8)

In insects with complete metamorphosis the pupa is the stage between
the larva and the adult. Many pupae are relatively featureless (e.g. Fig. 1.8B)
or enclosed in cocoons (e.g. Figs 1.8AE). In others the future limbs and
wings can be seen through the thin cuticle (e.g Figs 1.7 A-E; Figs 1.8 C-E).
Individuals of many aquatic insect groups tend 10 pupate out of water, often in
the soft mud, or under stones on the banks of rivers and ponds.

"The terms ‘wymph’ and Tarva tradibonally refer %0 gaveniles of msects that (respectively) underge iscomplese and
comglete metamorphous  There Sanve, dowever, bees a nember of departures from thas comvesnion, wah larva some-

wemes being used 10 descrde jever les o conam orders that snder go i h “ In thus chagter we
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Insect taxonomy

Until recently the arthropods were considered to form a single mono-
phyletic phylum. Over the last few decades, however, various authoritics
have questioned the validity of the group, suggesting that arthropods are
not monophyletic but merely share a number of common features—such as
a chitinous exoskeleton (which in tum dictates features such as jointed
limbs) and metamerism-—in the same way that ‘'worms’ share features such
as cephalisation and an elongated body. If this is true, then the term
‘arthropod’ merely describes a grade of organization and not a taxonomic
unit. The following is a simple arrangement of the arthropods based on the
fundamental structure and arrangement of the limbs and mouthparts

Subphylum TRILOBITA (a group of extinct marine animals): biramous
limbs, a single pair of antennac and mandibles developed from gnatho-
bases.

Subphylum CRUSTACEA (the crabs, lobsters, etc.): biramous limbs, two
pairs of antennac and mandibles derived from gnathobases.

Subphylum CHELICERATA (the spiders, mites, scorpions and horseshoe
‘crabs’): apparently uniramous limbs and lacking both mandibles and
antennac.

Subphylum UNIRAMIA (insects, myriapods and onychophorans). unira-
mous limbs, one pair of antennae, and the biting tips of the mandibles
derived from the tip of the limb.

The Uniramia in tum are divided into three superclasses: the Onychophora
(velvet worms), the Myriapoda (millipedes and centipedes) and the Hex-
apoda (the insects and their allies). The Hexapoda, in turn, consist of three
classes of primitive, wingless forms (the Protura, the Diplura and the Col-
lembola), plus the Insecta, which includes the subclasses Pterygota (all the
familiar winged and secondarily wingless forms), and the Apterygota (the
fishmoths and firebrats). One version of the higher taxonomy of the
Uniramia is shown below for the taxa treated in these volumes. The reader
should be aware, though, that—as is the case with the higher taxonomy of
many groups—details are still argued by entomologists and consensus has
yet to be reached on virtually all taxa above that of Order.

Superclass HEXAPODA: three body tagmata (head, thorax and abdo-
men), thorax three-segmented, each segment with one pair of legs: see
key below for details and for means of distinguishing between the
classes and orders.

Class COLLEMBOLA'": minute; wingless; no distinct larval or pupal
stages; springtails (Volume 1).

The Collembola are sometimes regarded as a terrestnial’ group sence members of this class becathe aur
and, when found in association with water, occur only abone, of on, the surface of the waler
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Class INSECTA

Subclass PTERYGOTA: two pairs of wings (nove that most plerygote taxa
include some secondarily wingless species). For the purpose of the present
publication we have adopted a ‘traditional’ classification in which this sub-
class 1s divided into two superorders, the Exopterygota and the Endopeery-
gota, both of which contain orders (listed below) to which some aquatic or
semi-aquatic taxa belong. Readers are however referred to Mackerras (1970)
for a more taxonomically-rigorous classification based on the fossil record
and evolutionary considerations relating to wing morphology.

Superorder EXOPTERYGOTA: no pupal stage; immatures (usually known
as nymphs) similar 1o adults but wings ncomplete (i.c. develop in exter-
nal sheaths), visible extemally as wing buds in later instars,

Order EPHEMEROPTERA: mayflies (this volume).

Order ODONATA: damselflies and dragonflies (this volume),

Order PLECOPTERA: stoneflies (this volume).

Order ORTHOPTERA : grasshoppers and crickets (Volume ).

Order HEMIPTERA: true bugs (Volume 8).

Superorder ENDOPTERYGOTA: larval and pupal stages in the life cycle;
larvae very different from adults; wing buds visible externally in pupae
but not in larvae.

Order MEGALOPTERA: alderflies and dobsonflies (Volume 8).
Order NEUROPTERA: lacewings (Volume 8).

Order LEPIDOPTERA: moths (Volume 8).

Order TRICHOPTERA: caddisflies (Volume 8)

Order DIPTERA: true flies, mosquitoes, midges (Volume 9).
Order COLEOPTERA: beetles (Volume 10),

KEY TO THE ORDERS OF AQUATIC HEXAPODA IN
SOUTHERN AFRICAN INLAND WATERS

This is a key to truly aquatic forms of insects only, with the exception
of some terrestrial adults that are frequently collected in samples

. Thorax possessing three pairs of segmented legs (e.g. Figs 1.1;1.3; 1 4A-]
& K-L; 1.6; 1.7; 1.BA,C-E); legs may be minute or adhering 1o lhcbod\
(e.g Fig. 1.7B)

Thorax lacking three pmrs ofsegmenled lcgs(hgs NJ lﬁA H). buunscg
mented prolegs or protuberances may be present (Figs 1.5A.B.D, F-H).. .

External wings or wing-pads present (e.g Figs 1.1; 1.3; 1.6B-G), may be vest-
igial (e.g. Fig. 1.3F & 1.6G), membranous (Figs 1.1) or hardened and plate-
BN (TRE JiBT) s vnustsaransomeconsan oxan enta VS VRO D oS eUsaRsrvoss abs0 e d
External mnpormt‘.ﬁndscmplaeh abscnl(FpH 1 ﬁ 1.6A.D; 188) A7

rJ

'Only very few onthoplorans are found m association with water, and these, like te Collembola, are
sometimes regarded a8 heing Yorrestral’ sece they heeashe ar and ocour on, o shove, the wator surface
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Fig. 1.3 lsect mymphs o doesal view ypical reprssentatives of vanous txa A-D. Fphemeropiera
A-B, Baosdae A o Seootskod spooes, B a twvodtaiod speoes. C Lapaophicbadee D, Caoedie E-F, Scapton
E. Nowosemosndae (mymph with nght sppendages truncased), F. Parbidae G-H, Odnata G, Zypopien
. Anssopicra
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Fig. 1.4 Inscct levae typxcal’ representatives of vanous tana, » dorsal view unless otherwise stated
A-B Megaloptesa: A, Saddidae, B, Corydalidae €, Newoptens (Ssyndiae) D-J, Coleoptera. D, Flmadae, 0
ltord view, E, Gynoodac, with detal of scrmumal abdomen. F, Dyusosdac, G, Hyvdrophibadac,
H, Helodidae, |, Psephenidac, i ventral view, J, Carcalionidac, » lateral view K, Trchoplena
(Phidopotamdac). in lserad view. L, Lepidopters (Ceambidac ), in lateral view (B afler Bamard 1931,
C afer Bertrand 1954, F afler Scholtz & Holm 1985, F-J after Berrand 1972)
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Fig. 1S Dipterx lavae Typscal’ reprosentatives of vanous texa (i lecral vicw unlicss otherwase stod)
A<D, Nematocern: A, Simulndae. B, Chironomidae, C, Culscidae, D, Blephancendae (m domsal view)
E-H, Beachycera E, Tabanudae F, Syrphudac, G, Empadadac, H, Muscadae (showing detal of mouth hooks )
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Thoracic legs fused to the body in an encasement (Figs 1.78; 1.83C-E)..... 4
Thoracic legs freely moving (Figs 1.1; 1.3; 1.6B,C.E.G,H,J K) or held in an
encasement separate from the body (i.e. not fused to the bod\)(Flgs 1 7&
C.DE)..... . . eoss =

Two pairs of developing wing-pads present; mouthparts form a coiled elon-
gate proboscis visible through outer cuticle cover; always enclosed in a

SRERTERD CODDUN i itz st b foauainia Lepidoptera: pupae (Fig. 1. 7B)
Only one pair of dcveloplng mng pads present; mouthparts, when visi-
ble, clearly not with elongate proboscis; body usually not enclosed in a silken

o VR Diptera (Nematocera): pupae (Figs 18 CD, E)
Abdomen ends in three many-scgmcﬂlcd tail filaments (e.g. Figs 1.1 & 13A,
C &) ivisivein doove ..Ephemeroptera (part)

Abdomcnmdsnot mlhree many- scgmemzd tail ﬁlamem.v. but gither in one
or two many-segmented or unsegmented tails (Figs 1.3B, E & F) or in two or
three leaf-like gills (Fig. 1.3G) of no 1ails are pnxm lFlgs 130, 1.6BCE,

GJK; LTACDE). ... . =
Mouthparts in the form of an elongated sucking beak (Fig. 1.6C) or cone-like
DTRCRNS IR J B Lo issninacinsainannassasnniin on Hemiptera (Figs 1.6 B-H)

Mouthparts not in the form of an clongalcd suckmg beak or cone-like struc-

ture R M . R iannashiens

Mouthparts modified into a protrusible mask-like structure (Fig. 1.21).........
............................................................ Odomu(an 1.3G, H)
Mouthparts not modlﬁcd into a protrusible mask-like structure. . il

Hindlegs enlarged and modified for jumping; fotelcgs sometimes modified for

digging ......... e Orthoptera
Hindlegs no(cnlargedmd modlﬁed for jumpmg PORNPISURSUPUMINY. |

Wings fully developed, forewing membranous, but may be covered with
scales or hairs (Figs 1.1) (emerging adults or adults laying eggs under stones,
often collected in water samples)... ...adults

(tpmmptcn. lnchopm Chumndx .4 Sndndu)
Forewings either reduced (Fig. 1.6G), sheathed in cases (Figs 1.3A-H), or
modified into protective plate-like elytra (Figs 1.6 ), K)............ .. 10

Forewings modified into plate-like coverings (elytra) (Figs 1.6 J & K), some-
times shortened but usually covering entire abdomen, (oleoptm aduls
Forewings not modified into elytra........... = e W

. Abdomen ends in a pair of segmented tails (Figs | 3B E-F)......coen 12

Abdomen does not end in a pair of segmented tails, but sometimes in & pair
of unsegmented anal processes (Figs 1.7A.C.D, E; 1.8C.D).......cccoceenne 13

Most abdominal segments possessing lateral gills (Figs 1.3 A-D); wing buds
lying lateral to each other .. . Ephemeroptera (part)
Abdominal gills absent (Fugs I 3 E F) ﬁllmcnlous thoracic gxlls(l-'lg 1.3F)
may be present; wing buds lying one behind the other. ... .. Plecoptera
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mallary

mand b_lﬂ
palk

Fig. 1.6 Adult aquatic insects ‘typical’ examples from various taxa, m dorsal view unless otherwise
stated A, Collembola, in lateral view B-H, Hemuptera: B, Saldidec, C, Ochiendac, m lateral view,
D, Veludac (mose absence of wing buds). E-F, Corxadac K, whole anumal, F, detadl of head, in ante-
nor view. G, Aphelochendac, H, Nepadae. 1-K. Coleoptera: |, head (peneraluzed, with antennac trun-
cated) showing biting mandibulate mouthparts, J, Elmidae; K, Dytiscidac. (A after Comtes 1974, F &
G after Detheer 1981, K after Scholtz & Holm 1985)
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Wing pads or shortened wings present only on the second thoracic segment
(Figs 1.8 C-E); peg- or knob-like structures may be visible on the third
thoracic segment : .. Diptera (Nematocera). pupac
Wing pads or shortened mngs are presem on the second and third thoracic
segments (Figs 1.7A, C, D, E)... N ——— 14

Forewings thickened (Fig. 1.7E); antennae with eleven or fewer segments

1y 0 Ty ) PESEEES ..Coleoptera: pupac
Forewings not thickened; amcnnac mlh mclw or more scgmcms .18

Mid- and hind-legs with swimming hairs; antennae more than half the total
T g R p— Trichoptera: pupae (Fig. 1.7A)
No swimming hairs on mid- and hind-legs; antennae less than half the total
length of the body SRS AV L S SR D O

Body over 12 mm (total length)................Megaloptera: pupae (Fig. 1.7C)
Body less than 10 mm (1012l lcnglh) .
...Neuroptera (bhyridn) pupac(hg I 7D)

Mouthparts form a beak (rostrum) projecting backwards below the head; eyes
are compound. .......Hemiptera: apterous forms or young nymphs (Fig. 1.6D)
Mouthparts not in the form of a beak, and if long and slender, then projecting
forwards (Fig. 1.4C); eyes absent or as groups ofumplc ocelli (Figs 1 4A-L;
T T— wsil

Fig. 1.7 Aquatic msect pupas: Typicall repecsentaves from various taxa (in lateral view) A, Trichoptera
Hydropsychadac), B, Lepidoptera (Crambedac'), €, Megaloptera (Corvdalsdac). D, Newroptera
Sisyndae), E, Coleoptera (Dvtiscidae) (C after Bamard 1931, D after Bertrand 1954, £ afler Scholez
& Holm 1985)

Prevacunly Pyrabdee
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Abdomen with forked jumping organ on the underside (Fig. 1.6A); minute
surface-dwelling arthropods | SR p— Collembola
Abdomen not with a forked jumping organ on the underside . 19

Mouthparts comprised of long, slender, forward-projecting rods forming a
sucking tube when held together .
. - : Neuroptera (Sisyridae) larvae (Fig. | 4C)
Mouthparts consist of distinct biting mandibles plus maxillae and labia with
palps (Figs | 4A, B& E-1) 20

resperatony

o

Fig. 1.8 Diptera pupac “Typscall repecsentatives fom vanous Soa, @ kel view A, Dolichopodda
B, Sciomyaidac, C. Chironomadac. D, Calicidae, E. Simuliidae




14

Freshwater Invertebrate Guide 7: Insecta |

Undersides of some, but not all, abdominal segments with pairs of prolegs
(Fig. 14L) bearing series of tiny hooks terminally (Fig. 14L).................
viveon Lepidoptera lanac
Abdomcn hckmg nwral pam of ﬂeshx pmlm on undmlde but may have
one pair of terminal prolegs with prominent claws (Fig. 1 4B, EK).........2]

Abdomen ending in a pair of prolegs, short or long, cach with a single distinct
sclerotized terminal claw (Fig. 1.4K)...... ................Trichoptera: larvae
Abdomen ends variously but never with a pair of prolegs, with a single termi-
nal claw; terminal hooks, if present, total four (Figs 1.4A, B, D-I).........22

Abdomen lacks well-developed lateral filaments or processes (Figs 14D, F, H),
may be rounded or flattened dorsoventrally . Coleoptera larvae
Abdomen with wll-dcwloped lateral ﬁlmmlsotptm(ﬁp 14AB EG])
y— . PPN 1.

Abdomen ends either in a single, unforked, elongated filament (Fig. 1.4A) or
in a pair of prolegs, each possessing two separate hooks (Fig. 1.4B) .

...................................................... .....Megnlop(en l-\u
Abdomcn ends variously but never with a single, unforked clongated filament
and never with a pair of prolegs each with two hooks; if four terminal hooks
are present then they are grouped together (not on two separate prolegs)
(Fig. 1. 4E) and two pairs of terminal filaments are then also present (Figs

LA T s masanve T T ..Coleoptera: larvae
Head composed of a distinct sclerotized capsule (Figs 1.4 J; 1.5 A-D); extemal
mouthparts—which may be highly modified—visible ..........................25

Head indistinct, partly or entirely lacking (Figs 1.5E-H); mouthparts repre-
sented by internal scherotized bars and rods (Fig. 1.5H)
. ooy . Diptera (Brachycera): hrvac(hgs I * !: H)

Prolegs often present on thorax or end of abdomen, or both (Figs 1.5A, B, D);
if prolegs absent, then conspicuous hairs and/or processes are usually present
at the end of the abdomen (Fig. 1.5C); body may be unsclerotized, very slen-
der, heavily sclerotized or divided into several distinctive regions (Fig. 1.5D)..
; .Diptera (Nematocera): larvae (Figs. 1. 5A-D)
Prolcgs not presem bod\ cuber fleshy thick and C-shaped (Fig. 1.4J), or cov-
ered with sclerotized plates dorsally on the thorax and segmemt 8 ..............
...Coleoptera (Curculionidac & some Hydrophilidae): larvae
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CHAPTER 2

EPHEMEROPTERA

by

H. M. Barber-James & C. R. Lugo-Ortiz

T'he ancient insect order Ephemeroptera, or mayflies, is considered to
be the most pnmitive surviving group of insects, dating back to the late
Carboniferous or early Permian periods, about 290 m years ago. The Ephem-
croptera and Odonata are the only living relicts of an ancient group, the
Palacoptera, of which another four orders (the Meganisoptera, Megasecop-
tera, Palacodictyoptera and Archodonata) are extinct, being known only
from the fossil record (Riek 1970). Adults ephemeropterans (Fig. 2.4A)
exhibit a number of primitive traits. For example, they are unable to fold
their wings flat over their bodies, instead holding them vertically, and they
have long caudal filaments.

At least 2500 species of Ephemeroptera are recognized worldwide, in
23 families (CSIRO web site) and 371 genera, of which 61 are known only
as fossils (Hubbard 1990). The order is well represented in the Afrotropi-

cal region, defined by Crosskey & White (1977) to include Africa south of

the Sahara Desert, conveniently delimited by the 254 mm rainfall isohyets
(Fig. 2.1). In this region, mayflies are represented by 13 families, 94 gen-
era and approximately 382 species reported thus far (see Appendix, p. 143).
Considering South Africa alone, the figures stand at 11 families, 47 genera
and 102 species. The number of genera and species is expected 1o rise sig-
nificantly as the mayfly fauna of the region continues 1o be more thor-
oughly documented. Although intended mainly for southern African fresh-
water ecologists and water-quality managers, the nymphal identification
kev includes all known Afrotropical mavfly genera because, in the course
of our rescarch on the mayfly fauna of the Afrotropics, we have
consistently found genera previously known to occur north of the
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catchments of the Cunene and Zambezi rivers to extend their ranges to
southern Africa. Madagascan mayflies have also been included as the
region has many genera in common with Africa.

LEGEND

254 mm »
1sohyet

AFROTROPICAL \ MALAGASY
REGION SUBREGION

Fig. 2.1 The Afrowopical Regewom, ncladng the Malagasy Subrcgron [he northern 254 mm &
(10 inches v ) rainfall isobvet formes 2 useful boundary 10 demarcate the border of the Sahara Desent
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Life history and biology

Mayflies undergo hemimetabolous, or incomplete, metamorphosis; that
is, they hatch from eggs, grow and mature as nymphs through several
moults, and transform nto adults, without undergoing a pupal stage.
Mayflies, however, have a unique maturation stage, called the subimago,
between the nymph and adult. Subimagos are similar to adults but they
have opaque wings and dull abdomens covered with small water-resistant
hairs (microtrichia), which help them to leave the water after moulting
from the final instar nymph. Adults of most species have shiny, transparent
wings and glossy abdomens, having shed the subimaginal cuticle. In male
subimagos the forelegs are considerably shorter than in the mature adults
and the genitalia are not fully developed. In those families (represented in
the Afrotropics by the Bactidae, Leptophlebiidac and Teloganodidac),
whose male adults have compound eyes with clearly differentiated upper
and lower sections (Figs 2.4B & C), the upper section appears undevel-
oped in the subimaginal stage. Subimagos are poor fliers and vulnerable to
predation, and are often found resting in secluded areas among vegetation
near the waterbodies from which they have emerged. Adult mayflies nor-
mally live from a few hours to one to two weeks or, in some rare cases, for
up to a month. Male mating swarms usually form at dawn or dusk, although
certain species of Leptophlebiidae swarm towards midday. The males fly
rhythmically up and down and attract females. Mating occurs in flight, the
males using their elongate legs to grasp females from undemeath. The
males may mate more than once but they die soon after mating. After they
have mated, the females fly to the nearest body of water to oviposit. This is
done in a variety of ways: some drop their eggs while flying low over the
water; some intermittently touch down on the water surface, and some
alight onto the surface and drown. Some species release their eggs as they
die and others crawl under the water surface 1o oviposit on the substrate.
Mayflies lay many eggs, from 500 to 4500, but have high mortality rates at
all stages. After ovipositing, the females die. In extreme environmental
conditions there is no mating and females are parthenogenetic.

Mayflies may be semivoltine (i.¢. take more than a year to complete
their life cycle) or univoltine, bivoltine or multivoltine, (i.e. respectively
have one, two, or several generations a year). Semivoltine life cycles are
more common in colder temperate climates (for example, large burrowing
species in Canada take over two years to mature). In tropical and subtropi-
cal regions most species are bi- or multi-voltine. Having a very short
developmental (aquatic) stage in the life cycle may be an adaptation to liv-
ing in intermittent streams. The number of nymphal instars varies between
10 and 50, with the most common being between 15 and 30 (Peters &
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Campbell 1991). The number of instars within a species is flexible, and
correlated with temperature regimes. Development speeds up with increas-
ing temperatures, resulting in fewer instars and smaller individuals. In
populations developing in cooler conditions, individuals tend to go through
more instars, grow bigger, produce larger, more darkly-coloured adults,
and females tend to produce more eggs, than individuals of the same spe-
cies from warmer waters. Such differences can result in taxonomic confu-
sion. About 50 species are known to be parthenogenetic, although in most
cases, parthenogenesis is not obligatory (Brittain 1982).

Eggs of most mayflies have sticky coverings, frequently with special-
ized anchoring devices, and often have species-specific external morphol-
ogy. Embryonic development usually takes a few weeks but eggs of many
species undergo diapause before hatching. Depending on the species, dia-
pause can last from three to eleven months or longer.

Ecology and feeding

Mayflies are considered to be a primary group of aquatic insects, mean-
ing they have always had an aquatic stage (secondary aquatic groups, such
as the waterbugs, have evolved from terrestrial forms). Mayfly nymphs
occur in lentic and lotic freshwater bodies and are benthic. They can be
found clinging to, sprawling on, or burrowing into, a diversity of substrates
(including silt, clay and wood), or climbing on the stems of submerged
vegetation. Some nymphs are capable of swimming for short distances and
others drift in the current periodically.

Most mayfly nymphs are deposit feeders or grazers, but some are filter
feeders and a small number are predatory. Deposit feeding is accomplished
mainly by browsing fine particulate organic matter and bacteria from dif-
ferent surfaces, whereas grazing primarily involves the scraping of periphy-
ton (mostly diatoms) from the surfaces of rocks. Filter-feeding taxa are
characterized by the presence on the forelegs of long specialized setae,
which aid in the collection of fine particulate organic matter. Some bur-
rowing filter-feeders create currents in their burrows by rhythmically mov-
ing their gills, thus stimng up organic particles, which they collect from
the water. The nymphs of predatory species tend to be found facing the
current on top of rocks in riffle areas. They feed mostly on other small
macroinvertebrates, particularly drifting or dislodged midge larvae.

Diagnostic characters

Both nymphal and adult stages are important for identification. The
kevs in this chapter deal only with the nymphal stages however, because
this series of volumes deals with the aquatic stages of freshwater organ-
isms only.
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Ephemeropteran nymphs (Fig. 2.2) are distinguished by the following
characteristics: the presence of compound eyes, which may be particularly
well developed in mature male nymphs, as these develop into the turbin-
ate eves characteristic of adult males in some families (Fig. 2.4B). slender
antennae and well-developed legs. forewing pads (note that hindwing
pads may or may not be present, and if they are present they are obscured
from dorsal view by the forewing pads; variously-developed and vaniously-
onentated abdominal gills; two or three elongate "tails’ or caudal filaments
(the lateral filaments are also known as cerci, while the middle filament 1s
usually known as the medial caudal filament: Fig. 22) and chewing
mouthparts (Fig. 2.3), which may be variously modified

eowthoran
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Fig. 2.2 Fphemeroptera morphologically-smportant features of 2 bactid symph, uscful for sdentifica-
twon A whole nymph = dorsal view, B, keg
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In summary, the following critenia are important for nymphal identification

* the structure of the mouthparts (including the ‘tusks’ in burrowers)

* gl number, shape and size

* the presence or absence of operculate gills (Figs 2.13; 2. 1A, B & C;
2.15A & 2.16A)

.

the presence or absence of setae and spines on legs and other parts
of the body
* the number of denticles (teeth) on the claws

* the colour and pattern of various parts of the body, although this
charactenistic may not always be reliable
K
prostheca prostheca
' wolar .
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Fig. 2.3 Mouthparts of a typical mantly nymph (Bactxdac). ventral views A, head ventral view, ind
cating posttion of varnoas mouthparts B, labrem, C, nght mandible. D, keft mandible, E. nght max-
e F, befl maxilia, G, latvum, H. Rypophanmy (dusscctod ost from 21's positon Bencath the Labum

ngua




22 Freshwater Invertebrate Guide 7: Insecta |

Mayfly nymphs may be confused with stoneflies (Plecoptera). stone-
flies, however, have double tarsal claws and lack dorsal abdominal gills,
though may have branched gills ventrally on the thorax and/or on the first
few abdominal segments. Stoneflies always have only two caudal fila-
ments; while most mayflies have three, a few have only two. Stoneflies
also always have two sets of wingpads, both of which are visible, whereas
in mayflies the upper wingpads lic over the lower wingpads (if these are
present). Mayfly nymphs may also be confused with immature nymphs of
the order Odonata, particularly with those of the suborder Zygoptera, but
odonate nymphs lack abdominal gills; zygopteran caudal gills are fleshy
(as opposed to the filamentous cerci of mayflies) and their mouthparts
have a mobile, hinged labium.

Mayfly adults (Fig. 2.4A) are distinguished by the presence of short
antennae, well-developed compound eyes (particularly in males), atrophied
mouthparts, subtriangular wings that are held dorsally, and two or three
clongate caudal filaments. Mayfly eggs often have distinctive patterns, and
studies of their structure using electron microscopy can be used to distin-
guish species,

Collection and preservation

Mayflies are fragile animals that are casily damaged, often losing gills
and legs if not handled carcfully. It is therefore worth taking special care
during collection, since there is little point in obtaining material that is so
damaged that it cannot be properly identified.

Depending on the substrate and flow regime, different techniques are
required to collect mayfly nymphs. In relatively shallow riffles, the sim-
plest collecting method is to make use of a Kick-screen. This device con-
sists of a quadrangular screen (which can be made from a variety of mesh
sizes) with long handles attached to both sides. The collector faces down-
stream and holds the submerged screen by the handles in front of himher
while disturbing the substrate with gentle to moderate Kicks. This action
dislodges most benthic organisms that are then washed into the screen. The
screen is then taken out of the stream at an open angle and held at the
lower end (to prevent organisms from falling back into the water). It is
then transported to a secure place where specimens are removed from the
net. Although collection can be carried out by one person, the process is
more efficient if carried out by two people, the person in the upstream
position disturbing the substrate while facing downstream, while the per-
son in the downstream position holds the net while facing upstream. A
modification of this kick-net’ method is used for the South African bio-
monitoring 'SASS' sampling (Chutter 1998), in which case a standardized
net with 70 cm square opening and mesh size | mm is held downstream of
the person collecting the sample. It is important to note, however, that such




-

-
‘o
&
L
-
-
-
w
-
- ~
- .~
7 -
B <
[ -
L -
o
~
’ ‘n
- -
c o
®” =
T
-
-
- =




24 Freshwater Invertebrate Guide 7: Insecta |

a coarse mesh size misses smaller individuals, and a finer mesh size is
needed if the smaller instars are required

As an alternative 1o the Kick-net' method, a small hand net can be used
for qualitative sampling. In this case stones are carefully picked up from
the benthos, with the net held downstream to collect any escapees. Indi-
viduals are then picked off the net with forceps and preserved in a small
tube that has been previously filled with ethanol.

The insertion of a small plug of cotton wool into the neck of the tube is
sometimes recommended, particularly for fragile specimens. This helps to
prevent air-bubble damage of the specimens during transportation back to
the laboratory. In such samples it is important to ensure that the collection
tube is brim-full with ethanol.

In many cases it may be necessary to identify adults, either to confirm
nymphal identifications, or to link particular nymphs and adults of the
same species. It then becomes necessary to collect live specimens in order
to rear the final instar nymphs through to adults. It is best 1o select nymphs
that are nearly ready to emerge. These can be recognized in the field by
their dark-coloured wingbuds, which signify that the wings are tightly
packed, waiting to be unfurled. The nymphs should be kept in a small con-
tainer of river water in which stones and/or plants have been placed for the
nvmphs to cling to. An airstone with a gentle stream of bubbles must be
placed into the container and the container placed in a larger container
with a gauze lid on which the subimago can alight. Since the subimago
does not have all of the mature adult features, it is necessary 1o facilitate
final moulting so that the mature adult can be examined. For this purpose
the subimago is gently removed and placed in a smaller, lidded container.

Light traps can be used to collect the winged stages of mayflies and
other insects. There are many versions of light traps used by entomolo-
gists, but for mayflies nothing is more effective than a white sheet with ¢
super-actinic light source (which has a stong UV component) suspended at
the top end of the sheet. This attracts the adults and subimagos. The adults
can be collected directly in a tube of ethanol, while subimagos are col-
lected live in order to rear them through to adults. For this purpose, a lid-
ded box with a small corked opening is used. A section of the box should
be covered with gauze so that one can observe the progress of the animals
inside. Care must be taken to insert specimens into the container gently,
without letting them escape. A number of specimens can be temporarily
kept in the same box, but must be soon separated into smaller individual
containers.

Dissection of mouthparts and preparation of microscope slides

The dissection of mouthparts for nymphal identification can be accomplished
with the aid of a dissecting microscope (at XS0 magnification), forceps with
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acute tips, and a thin dissecting needle. The mouthparts are gently dislodged
from the head and carefully removed with forceps or a dissecting needle.
They are then soaked in Cellusolve™ for at least five minutes before being
transferred to a drop of Euparal™ on a microscope slide. A direct transfer
from alcohol to the Euparal™ is not advisable, as this produces a cloudy
effect, obscuring the mounted picces. A small amount of Euparal™ (one or
two small drops) should be put in the centre of the microscope slide and
spread evenly in a circular motion so as to cover an area equal to the size
of the coverslip. The mouthparts should be then transferred from the Cellu-
solve (taking care to dry off drops of Cellusolve from the forceps) to the
mounting medium. Once arranged in the desired position, the coverslip can
be lowered carefully onto the slide by letting it drop slowly from the edge
of the medium. This method lessens the chances of air bubble formation
and the movement of mouthparts, but should this happen, the coverslip can
be delicately tapped to expel the bubbles and reposition the mouthparts. It
is best to leave the prepared slide to cure on an even surface in a dry place
for at least 24 hours before examination under a compound microscope
under magnifications of X100 to x1000. If handled with extreme care, how-
ever, the specimen can be examined immediately.

IDENTIFICATION OF MATURE MAYFLY NYMPHS

Although the keys provided in this chapter deal only with the nymphal
stages of mayflies, an abundant literature deals with adults. These keys
only go as far as generic level, and the primary literature has to be sought
for identification to species.

Use of the identification key

In the identification key we have attempted to concentrate on the most
conspicuous morphological characters that can be seen at magnifications
of X50 under a dissecting microscope. The identification of most genera,
particularly in the family Baetidae, relies, however, on the examination of
mouthparts, claws and other small features, for which dissection and
mounting on microscope slides, followed by examination under a com-
pound microscope, may be necessary (see above). On the other hand, the
identification of the genera of the Heptageniidae and Leptophlebiidae
depends primarily on the morphology of the abdominal gills, which may
become casily dislodged and lost while collecting and handling the speci-
mens. If such structures are lost, it is necessary to consult specialist litera-
ture to achieve proper identifications. For the latter purpose, and for cases
where identifications require further corroboration, a list of useful refer-
ences is provided below the discussion of each genus.

Measurements are of assistance in identification. Note that, unless oth-
erwise indicated, size measurements given in keys refer 1o the body length

|
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(the length excluding the antennae and cerci). The cerci length is also
sometimes noted

Identification should be carried out on late-instar nymphs (recognized
by the fact that their developing wingpads are darker), as some of the diag-
nostic features are less apparent in the immature stages. Note that these
keys are meant for identification purposes only and are in no way intended
to reflect phylogenies. In the genenic keys, if a genus occurs in the Mala-
gasy subregion (Madagascar, Comores or Seychelles) this is indicated in
parenthesis in the key. If it occurs in Africa only, then this is not noted in
the key

Useful general references

Allan (1995). Brittain (1982); Chutter (1998); Demoulin (1981); Ed-
munds et al. (1976); Edmunds & McCafferty (1988); Ward (1992); McCaf-
ferty (1981); Memitt & Cummins (1996). Wang & McCafterty (1996);

KEY TO FAMILIES OF MATURE MAYFLY NYMPHS

1. Nota fused, forming a dorsal carapace-like structure covering the legs and
gills, giung nymphs an cllipsoid appearance (Fig. 2.5); minute (< 4 mm)

’ Prosopistomatidae, Prosopustoma

\nu not luud as ahng Iu.\ and Lxlls visible in dorsal view; length of

nymph > 4 mm 2

2. Head with compound eyes on short, dorsally-oriented protruberances (Fig
2.6B); terga 3-7 dorsally expanded, forming open V-shaped compartment

protecting gills (Fig. 2.6A)....... ... Machadorythidae, Machadorythus
Head with compound eyes not raised on protruberances; terga not modified
as above . ST S R s sl A vl s

[

Fig. 2.8 Prosoputoma, whole mymph. dorsal view
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redrawn from McCafferty & Wang 2000, B redrawn from Demoulm
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3 Nymph usually with seven simple gills including gill | (Fig. 2.7A); head

with lateral ocell located above lateral branches of epicranial suture (Fig. 2.7B)
femoral apices with a ventrally-oriented dorsal lobe (Fig. 2.7D)

Baetidae
Nymphs with vanously developed gills, gill 1 present or absent, head with
lateral ocelli located anterior to (1.¢. in line with or below) lateral branches of
epicranial suture (Fig. 2.7C). femoral apices without ventrally-oriented dor-
sal lobe (Fig. 2.7E) 4

eprirama

val ac

L _ar

e

Soesal bbe

Fig. 2.7, Maylly mymphs, showing dounctive characseristcs. A, bactid nymph, n donal vew
B-C. amenor views of the head showing cpicranial satures B, of a hactid, showing lmeral ocells above
the lateral branches of the suture, C, of 3 non-bactad. showng lascral occlli that commect with the latcral
branches of the suture, or may bhe stuated bebow the suture D-E. distal apaces of femora: D, of baetads
showing a ventral onentation of twe dorsal lobe of the femoral apex, K, of non-bactids indicatng 2
different enentation (B-D afler Wang & MeCafforty 199%
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1 Gill 1 ventrally ontented, lamellinte section reduced, fibrilliform section pro
! f

nounced (Fig. 2.8C); gills 2-7 laterally-oriemated, lamellate, with fibrill

form tufls on ventral surface (Fig. 2.8D); labium fused, forming a plate-like

structure (Fig. 2.8E); base of maxillae with fibrilliform tufts (Fig. 2.8F)

maxillary palps two-segmented: forelegs with rows of long setae along
margin of femur and tibia (Figs. 2.8A, B) Ohgoneurndae
Gills 1 present or absent; if present, laterally, dorsally, or dorsolaterally on

not as above; labium not fused

ented. and \.\rh\l.\:_\ developed: gills 2
maxillae without fibrilliform extensions; forelegs without filtering setae

<

Fig. 2.8 Oligoncurndae gencralized figures, showing distinctive morphodogacal characters of the fan
iy A a whole mymph, dorsal view, B details of forclkeg, € gl D. gl 4; E labsam shown
fasion of parts. F, maxalla, showmg Giballiform wit
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Head with long mandibular tusks projecting forward and arising from latera
margin (Figs. 2.9A.8; 2.10E) or, if tusks short, frontal process pronounced
(Fig. 2.10A,B); gill | reduced, not feather-like or fringed; gills 2-7 fold up
wards over the abdomen, cach consisting of two elongate lamellae with
fringed margins (Figs 2.9C, 2.10C) 6

-

Head without mandibular tusks; gills 2-7 not as above

Mandibular tusks apically convergent (Figs. 2. 9A.B). frontal process absent,

or reduced; posterior legs (Fig. 2.9D) without tibial process
Polvmitarcyidae

Mandibular tusks apically divergent, frontal process present (Fig. 2. 10B.E)

. )

postenor legs (Fig. 2.10D) with tibial process Ephemendae

Fig. 2
m

9. Pohvmutarcyidae morphological features of tavomoenic importasce A Posilhe sp . whole
dorsal view. B-D, Ephoron, sp . A, head and prothorax, in dorsal view, showing detail
pill 4, D, hund leg (nose the absence of a tibial extension-—mrowed) (A & B rediawn from

VS0 C & D redrawn from Crss 194




Fig. 2.10. Epbhemendae. mwx

B head >

A whok moh ;| dorsal vicw

ndwing pad mnd detasl of gill enbarpe
TN E. Cheirogresia sp . St wad
rom MoCallerty & Edmunds 1976 B D& |

1 A\ | mgx
theray with night win
C.ooll 4, D hindleg (note

¢ Dk A rediaw
redrawn from Crass 1947)
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Forewing pads freely extending beyond fusion 1o thorax for more than half
their length (Figs. 2.11A, 2.12A.B): gill | may be operculate (Fig. 2.12B);
gill 2 never operculate.......ovvvvviiiiiiiiiinns — .
Forewing pads freely extending beyond fusion to thorax for less than half
their length (Figs 2.13A, 2,147, 2. 15A, 2.16A); gill | never operculate;
operculate gills present on abdominal segment 2 (Figs 2.13A, 2.14A, 2.15A

& 2.16A) or absent . 9

Head capsule more or less semi-circular, covering mouthparts from dorsal view
(Fig. 2.11A); gills 1-6 consisting of a plate-like dorsal lamella with a fibrilli-
form ventral portion (Figs. 2.11B,C.D); gill 7 lamellate, without the fibrilli-
form portion (Fig 2.1 1E); maxilla without a prominent brush of long setac
on the apicolateral margin (Fig. 2.11F) Heptageniidae
Head capsule more or less quadrangular, not covering mouthparts from dor-
sal view (Figs. 2.12A B); gill | may be operculate (Fig. 2.12B & 1), at least
partly covering the other gills, which are bilamellate (Fig. 2.12J), or gill 1
may be simple, usually unilamellate (Fig,. 2.12E), lanceolate (Fig. 2 84A)
or filamentous (Fig. 2.85A); gills 2-7 bilamellate (Figs 2.12 D, F-H), consist-
ing of similar, separate, dorsal and ventral lamellac; apicolateral margin of
maxilia with a brush of dense setace (Fig. 2.12K ) Leptophlebiidae

-
-
14
-
-
-
.
]
L3

Fig. 2.11 Heptagenudae morpdalopical fcatures of tmonomes mportance. A-G, Afomns 9

A, whole nymph. B gall |, C, il 3, D, gl §, E gl 7, F, maxilla, G, mandible. (A redeawn from
Apnew 1980, B-G redrawn from Schoonbes 196K)
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Fig 212 A Leptophichiidac (Ademapihiedns sp ). whole mmmature mymph (with cerci truncated)
dorsal vicw, showing doublc lamcliate pills B, Ademopiiedrodes sp . whole nymph (with cerct trun-
cated), i dorsal view, showing operculate gills | covonng the lower gills C-J_ vancty of ol types in Lepoo
pheibindae C. Adencpvlebis sp. pill 4, D, lanceolate, belarmmctate (Casunopiiepna sp. gill 4) K, undlamellae
(Choroterpes sp pll 1) F, Delaecilne (Chorvsopaes s il 41 G, Dilancilee (Fadivada o pill 45 W blenellate
with fingor-dike progectons (Thrander sp gl 40 L oporculate (Adosgpidgeades . gll 1) ) fid

{denopidehiodes sp gill 4) K<L, typical keptophichiud mouthparss K. mavalla, shomng apacolatersdl muugin
with brush of dense setme L kel mandible (A redrawn from Agnew 1980 B rederan Brom Pesers & Edemnds
1964, C-1. redran from Peters & Edmunds 1964)
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e
P

9. Gill ) always present, filamentous (Fig. 2.13A); gill 2 operculate, large and
quadrangular or broadly rounded, with variously-developed Y-shaped ridges
on dorsal surface, touching or overlapping medially, covering the remaining
gills (Figs. 2.13A.B) ... . I . ...Caenidae
Gill 1 present or absent, if present, filamentous (Fig. 2.14A,B); gill 2 opercu-
late (Fig. 2.14B), semi-operculate (Fig. 2.14C), or not operculate; if opercu-

late, smaller than above and generally oval, without Y-shaped ridge on dor-

sal surface, never overlapping

10. Posterior margin of mesonotum, between wingpads, with prominent V-
shaped notch, and gencrally slightly lobed basally (Fig. 2.14D); lateral, sim-
ple, filamentous gills generally present on abdominal segment | (Fig. 2.14A);
gill 2 operculate (Fig. 2.148) or semi-operculate (Fig. 2.14C), mature male

10

nymphs with subdivided compound eyes (Fig. 2.14E); maxillae without

palps (Fig. 2.14F); medial caudal filament may be present or reduced; claws

with denticles ; T'eloganodidae

Y -shaped crew

filameroun g

B

opercalaie pll ?

Fig. 213 Coomdae A, whole nymph. I8, dorsal view of operculme gl (A redeawn Bom Agnew

Y80
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Mesonotum posteriorly without V-shaped medial notch and submedial lobes
(Figs 2.15A, 2.16A, F), lateral, simple, filamentous gills present (like Fig. 2.14A)
or absent on abdominal scgment 1 (Figs 2. 16A, F); gill 2 semi-operculate or
not operculate; mature male nymphs without subdivided compound eves
maxillae with or without palps; claws with or without denticles 11

\
D Veshaped soxch F

Fig. 2.14 Telogaadidae A-B, Levtagella perverliata: A, whole nymph (with cerc invmcated) m dot
sl view. B, dorsal view of left postersor thorax and antonor segments of the abdomen, showing detal
of flamentous gil | and operculae gill 2 C-F, Ephemerelima sp . C, scemoperculate gills, D, posie
nor margan of the mesomotum. in Sorsal view, E, subdivided cyes of male, i dorsal vicw, F. maxilia
mote absence of palps—amowed) (Al figures redrawn from MoCafferty & Wang 1997)

e e e e .
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11.  Filamentous gill 1 present; lamellate gills present on segments 2-5, gill 2
operculate (Fig. 2.15A), maxillac without palps (Fig. 2.15B); medial caudal
filamem developed, claws without denticles (Madagascar only)
Teloganellidae, Telagonella
Filamentous gill | absent; claws with denticles (Fig 2.16E) 12
12, Gill 2 operculate, narrow-clongate (Fig. 2.16A); gill 6 absent. maxillary palps
absent Ephemenvthidae, Ephemerythus
Gill 2 not operculate (Fig. 2.16F); lamellate gills present on abdominal seg-
ments 2-6 (Fig. 2 16G); maxillary palps present (Fig. 2.16H) :
Tricorythidae
Fig. 2.15 Tologanclhdac dstinctive characterstics (generalued figures) A whole momgh. B, menulla (moe
shaence of palps). C, labsam (Redrawn from MeCalTorty & Wang 2000
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Fig. 2.16. Ephemerythadac and Trcorythidae A-E, Fphemerythidae (Ephemenytius sp ) A whole
nymph, with cerci truncated, B. maxilla (nose sbsence of palps). C. labwum, D, lsbvum, E. claw show-
ing promineat dentcles F-H. Trconvthidae ( Tricorythus sp 1 F, whole mymph, G, gill 4, in ventral
view, H, maxilla (A-D redeawn from MoCallerty & Wang 2000, £ redrawn from Demouls 1964
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BAETIDAE: KEY TO GENERA

1. Nymphs with two cerci, medial caudal filament reduced 10 a small conical

poimnt (Fig. 2.17A) 2
Nymphs with three cerci, medial caudal filament may be shorter than the
lateral cerci (Fig. 2.17B), or subequal in length (Fig. 2.17C ) . 0
2. Gills orientated ventrally (Figs. 2.17D, 2.18A), six pairs 3
Gills orientated dorsolaterally (e.g. Fig. 2.2A), usually seven pairs..... A
[od |“ !
y \ "‘\
/ \
A y B \
f ‘ / \

verenally
onewsed pils
fillamem s
brasch
rahem

cT Va
r \ |
g /
4 - Hu / H i

Fig. 217 A-C, cercr and madian candal filaments in bactid nymphs: A, no medman caudal filament
(e Acamshiops rrisg), B, medun caadel flamcrt shorer than lscrdd corct (€ 8 Presdocioron glsucien)
C. medsan candal filament and cerci subequal in lemgth (e g Clocon spp) DN Afrobaciodes sp

D, lateral veew of nymph (amow indicates small thoracic pill) E. abdomeal gl 4 (note subpasalie

trachcation). F, maxilla G, \absam, W, coxal spurs on (1) the foreleg (1) the micieg (111) the hundleg

D redeawn from Kimmens 1955, E-G redrawn and adapted from Gilles 1991)
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Gills on abdominal segments 1- 6, all with entire margins and with multiple
unbranched tracheae arising from the base of cach gill (Fig. 2.17E), abdo-
men with weak dorsal tubercles or no tubercles; one small filamentous gill
ventrolaterally on each side of prosternum (Fig. 2.17D); coxal spur present
(Fig. 2.17H); maxillary palp two-segmented, segment | with filamentous
branch (Fig. 2.17F ) (Africa & Madagascar) .............. Afrobaetodes (p. 93)
Gills on abdominal segments 2-7 elongate, apically fringed with filamen-
tous projections, devoid of trachea (Fig 2.18B); abdomren with promi-
nent dorsal tubercles (Fig. 2.18A); thorax without ventrolateral filamentous
gills; coxae without spurs; maxillary palp (Fig. 2.18C) three-segmented,
segment 1 without filamentous branch, segment 3 very small

....... cernrenrenseencd raulobaetodes (p. 110)

‘ad

vestralh -
onestated pll

filamentous peagec-

nons from pll
natow dowewad
porcag palp
$oswee fuved
basally

D

Fig. 218 Thrawlobaetodes A, whole nymph, lsicral view. B, sbdommnal gill 4, C, maxlla, D, lsbium
(Redrawn from Flovard & Hhideux 19918
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4. Tarsal claws with denticles in a single row (e.g. Fig. 2.19B).................... §

- Tarsal claws with two rows of denticles, one row of which may be more
well developed than the other (Fig. 2.20B).............c..oooooviiininnnn, d

5. Small tubercles present dorsally on abdominal terga 1-7 or 1-8 (Fig. 2.19A),

metanotum with blunt dorso-median tubercle; maxillary palps two-
segmented, short and stout, shorter than galea-lacinia (Fig. 2.19C); labial
palp with segments 2 and 3 partially fused, segment 3 broadly rounded
(Fig. 2.19D); labrum basally broad, well developed medial lobe (Fig 2.19E),
ventral margin with strong marginal and submarginal setze (Fig. 2.19E)...
......... cveennand @nzaniella (p. 109)
I)oml abdomnml tub«cks abscnt metanotum without tubercles, maxillary
palp two- or three- segmemed labium and labrum variously develop«l. not

Tarsal claws with subapical pair of setae (Fig. 2.20B); mandibles without
it of setae between incisor and molar rcglon labial palp segment 3 nar-
rwl\ rounded (Fig 2.20D) or clublike (Fig. 2.20E). vil'opore present (Fig.

2.20F) .. I i Demaoreptus (p. 98)
Tarul claus m(hout a subapwal palr ofscuc (an 2 ’l,\) only right hand
mandible with tuft of setac between incisors and molar (Fig 2.21B); labial
palp segment 3 broadly rounded, somewhat produced medially (Fig 2.21C);

VIROUDOIS WO vsccasniniasiviminvinmnsvasssvssdsssiss ScEaiapudD, 103)
dorsal abdorunal rubercies
A
gments
141
‘Md"
k.

E

Fig. 2.19 Jarcanielia: A, lateral view of abdomen, B, detail of foreclaw, showimg single row of denti-
cles, C. maxalla, D, laboam, E labrem. (Redrawn from Gillies 1991a)
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Fig. 2.20 Demorepius sp A, dorsal view of whole mymph; B, claw, showing double row of dentxles
and subapical sctac, C, nght & lcft mandibles. 1 ventral view (nofe lack of tults of sciae between mo-
lar and prosthecae —mrowed), D, labwam (of D capereses), m ventral view on the left and in dorsal view
on the right. E. labium (of 1 manncala), F, ferwr (Redewwn Som Lupo-Orte & McCalffarty 1997h)

Fig. 2.20. Mackuops sp. A, claw (mode the absence of subapical setac), B, right mandible (mose tufts of
setae between molar region and prostheca—arowed), C, laboam. (From MoCaferty et al 1997)
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Prothorax broadly expanded laterally, giving a carapace-like appearance
(Fig. 2.22A). pro- and mesothorax covered with small wasts; forewing pads
well developed: transverse row of setae on femora (Fig. 2.22B) (Madagas-

e T Scutoptilum (p. 108)
Prothorax not expandcd in thls way, no warts present, forewing pads not as
prominent, no row of transverse setacon femora...............................8

Mandibles (Fig. 2.23A) with strongly curved lateral margins, well-devel-
oped, broad-based incisors, no setae between incisors and molar region;
segment 3 of labial palp narrow-ovoid (Fig. 2.23B); hypopharynx broad,
superlinguae apically raised relative 1o apex of Iingua (Fig 2.23C).. i
— ...Barnumus (p. 95)
| :ucml margms of mandnblcs not cuncd as abovc incisors not well devel-
oped, tuft of setae present between incisors and molae of mandibles; seg-
ment 3 of labial palp narrow-ovoid or rounded (Figs. 2.24K, 2.25E); hypo-

phan nx with Imguu prominent aplcall) above superlmguae (Figs. 2.24L,

Pronotum anteromedially emarginate, laterally expanded or flattened (Fig
2.24B); abdomen with variously-developed dorsal tubercles (Figs. 2.24C.D,E);
gills asymmetrical, well o poorly tracheated, often with ventrally-onentated
trachea (Figs. 2.24F, G,H), maxillary palp (Fig. 2.241) two-segmented,
sometimes with small nipple-like projection apically, givirg the appearance
of a third segment. labrum (Fig. 2.24)) distally with deep, narrow notch,
sometimes with a small antero-medial lobe, segmcm 3 of 'abial palp small,
basally narrower than apex of segment 2 (Fig. 2 24K); cerci not markedly
longer than body length (Flg, 24A) (Africa and Madagascar). .. .

; ....Acanthiops (two-tailed group)(p 9")
Pronomm not cxpanded or ameromcdnall) emarginate, gllls ovoid, untra-
cheated: no dorsal tubercles on abdominal segments (Fig. 2.25A); maxillary
palp (Fig. 2.25C) three-segmented, segment 3 very small; labrum with distal
margin almost straight (Fig. 2.25D); segment 3 of labial palp broadly
rounded, slightly asymmetrical (Fig. 2.25E). cerci longer than length of
body (Fig. 2.25A) (Madagascar only) vevreenensssdiBCOptilum (p. 108)
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COGandad WS On ECRonatum

Fig. 2.22. Scwropeilum: A, whole animal, ksteral view, B, foreleg: C, labium, D, labrum, o
ventral view on the keft and dorsal view on the right. (Redrawn from Gattolhat 2002b

\ thnse

Fig. 2.23 Bormmus sp A, mandblc (nowe well-developod mosors and strongly curved shape - arrowed
R, labium m ventzal view on the ket and dorsal view on the nght, C, hypophanns. D gill 4 (Redraan
from Lugo-Ortzz & McCafferty 19982)
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asterorned! al cmar pivatxon

b3 preactun
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Fig. 224 Acamthiops spp A, A tnesa, whole mymph, doesal viewn, B, ypical Acamimops pronosam, i dorsal
view C-F dorsal abdommnal tubercles, laterad views C-E, abdomens o left lateral views €, f marien
b E A visa F-H. gills 4 F. A marbiert, G. A4 0. N, 4 tsesa 1K, diagnosi featuses of 4 w0
I, maxilla, showing mpple-like tip at end of palpal segment 2 (arrowed), J, labram, K, labsem, 10 ven-
wal view on the left and doesal view on the night. L 4 tutsa Mpophannx (A HE& L from Baber
Famses & MeCafferty 1997, C from Demoulin 1967 B.D & F from Lugo-Ortiz et al 2001
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saperlmgea

G

Fig. 225 Riopuium sp. A, whole svmph n doesal view. B, gl 4, C, mailla (nove seall size of seg-
ment 3 om palp—arowed), D, labrum, in ventral view on the kit and dorsal view on the nght
E. labsam, in ventral view om the left and dorsal view on the right. F, hypopharynx: G, leg with deta
of claw (Redrawn from Gamolliat 2001b)
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Mcdul caudal filament half to two thirds the length of lateral cerci (Fig
26A), may bear medial pairs of spines ventrally (Fig. 2.26B) (visible only
unh compound microscope); abdominal terga 1-3, |4, or |-8 medially
with small tubercles; segment 3 of labial palp reduced, basally narrower
than apex of segment 2 ... ... ... Acanthiops (three-tailed group) (p. 92)
Medial caudal filament as bong as, or slightly shorter than. lateral cerci, ven-
trally without medial pairs of spines; abdominal terga without tubercles,
labial palp variously modified . — 1

Gills with double lamellae (Figs 2.27A & C) on segments 1-Sor2-6........12
Gills always single ...........cocovvvniiniiiiinnnn o — 13

Gills with double lamellae on segments 1-3 or 2-6, tracheation distinct,
dendritic (Figs. 2.27A, 2.27B-D); rarsal claws gently curved, with small,
fine denticles (Fig. 2.33E); labium with glossae and paraglossae tusk-shaped,
glossae slightly shorter than paraglossae, labial palps three-segmented,
with teminal segment more or less trapezium-shaped (Fig. 2 27F), or wper-
ng (Fig 2.27G). maxillae (Fig. 2.27H) with slender three-segmented palps,
longer than, or subequal in leng‘lh 1o, galea-lacinia (Africa and Madagascar)
Lloeon & Prodloeon (p. 97)
(nll-. mlh dnublc I.:mcll.u on scbmcnls I-5, tracheation asymmetrical
(Figs. 2.28A,B.C); tarsal claws long and slender, edentate (Fig, 2.28D);
labium with greatly expanded paraglossae, small glossae fused basally for
half their length, labial palps two- segmcmcd with termina; segment wedge-
shaped and with setose distal margins (Fig. 2.28E); maxillee with stout two-
scgmcnlcd palp considerably longer than galu-huma (Fig. 2.28F)
. " . Potamocioeon (p. 105)

_
I mm

A

Fig. 226, Acanthiops erepens A, whole mymph (with kit appendages truncaled), i dorsal view,
B detaal of ventral swrface of median caudal filament (A redrawn from Crass 1947, B redrawn from
Lugo-Ontiz et o 2000)
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Fig. 2.27 Clocon sp. A, whole nymph (with keft legs and anserna tuncated), doesal view B gl | C gl 5
D. gl 7. E, chow, F, labum (mose wedpge-shapod termunad palp-—amowed), G, labum, in ventral view on the
kit and dorsal view on the nght (noke Lperng femanad palp —amowed). H, maxlla. (A-D redeawn from
Barmaurd 19520)

sevond

lanella
@ > 7
A N

paraglona \\ \
A
\ V/
17
\ |

S

Fig. 228 Posamocliovon sp A pll 2.8 gl 4, C gl 7, D kg (moie long tapenng claw without
denticies —arrowed), E, labsam, F. mavlla (A-C redramn from Goles 1985, D-F from Lugo-Ovtaz
& McCaflerty 1996)

-~ ‘:..-—-m;-— e
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13.  Tarsal claws with denticles in two rows, second row may be less well devel-
oped than the first row (e.g. Figs. 2.29D, 2.35E, 2.36H); a pair of setae
usually present subapically on claw ... ose I
Tarsal claws with denticles in one row (e.g Figs 2.42A & 2.43A), or edentate
(Fig. 2.38A); pair of subapical setae may or may not be present on claw....... 25

14. Coxae of forelegs with pair of ventral papillae (Fig. 2.29A), inconspicuous
or absent in some species: labial palps with segment 2 basally narrow, pro-
duced distomedially into rounded bulge, segment 3 short, subconical to
rounded (Fig. 2.29B); labrum broader than long, with pinched-up appear-
ance basally (Fig. 2.29C); dorsal row of long fine simple s¢tae on tibiae and
tarsi (Fig. 2.29D) (except in D. decipiens), hypopharynx with crest of setae
on lingua (Fig. 2.29E); abdominal terga with tubercles present in some spe-
cies (Africa and Madagascar) ... : caeenen. Dicentroprilum (p. 99)
Ventral papillae never present on procoxae, mouthparts not as above; tiblae
and tarsi usually without dorsal row of long fine simple setac...............15

forc<cna

forur

mft of setae

Awe tows of
demches

ssbagncal seta

'Il!(!\.k_l

F

Fig. 2.29 Dicentroptilum sp. A, papiliac on procoxa, B, labium, C, labrum; D, keg, with detal of claw
E, hypophanynx, F, abdomen. in left lateral view, G, maxilla, H, gl 4 (Redrawn from Lego One &
MeCallerty 2001)
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15. Labial palp segment 2 deeply f.ll\nlc apically, bluntly pointed apicolaterally,
rounded medioapically (Fig. 2.30A); tarsal claws with two rows of short
denticles (Fig. 2.30B); gills on abdominal segments |-7 well tracheated,
narrow-elongate, gull | narrower that the other gxlls(Fig 2.30C) (Madagas-

car only) .. R e . Delowardus (p. 98)
Labial palp sc(.mc. nt 2 not mlulc tarsal claws not clongalc gills not as
T T, - ; seasssssansnas - |

swcpner 2 of palp

Fig. 2,30 Delosardus sp A, labium, i ventral view on the left and dorsal view om the nght. B, claw
C.pll 4, D madla (Redeawn from Lugo-Omiz & McCafferty 1999)
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Abdominal segment | enlarged relative to other abdominal segments (arrowed
in Fig. 231A); gills 1 and 7 poorly tracheated, gills 2-6 well racheated

(Fig 231B)....... .. cieveeen. Penhlella (p. 105)
Abdominal segment | not cnlargcd rclame to other abdominal segments;
gills with other distinctive features ..............ccocciicniininnnnnsnie 17

Head large relative to body (Fig. 2.32B); labial palp segment 2 with well-
developed distomedial thumb, segment 3 subconical (Fig. 2.32C); mandibles
large, robust, molar area with a few well-developed, broad-based denticles
(Fig. 2.32D); rarsal claws (Fig. 2.32F) with small, evenly-sized denticles in
two rows with approximately l" denticles in each row and no subapical

setac (Madagascaronly)............ccoooivinin. . Edmulmearus (p. 100)
Head not enlarged. mouthparts \th various olhcr modifications, tarsal
claws not as above ....... T R s R

Forelegs with femora having a pronounced ventral marginal convexity (Fig 233A),
ubsae basally acute!y produced; labrum about three times wider than long,
strongly curved to formed a hooded shape, dorsally densely setose, antero-
medial emargination only slight (Fig. 2.33B); labial palps taree- segmented,
segments | and 2 elongate, narrow, segment 3 narrow conical, glossae and

paraglossae divergent (Fig. 2.33C); gills asymmetrical, with strong tracheat-

ion (Fig. 2.33D); tarsal claws with two rows of six to sever small denticles,

and a subapical pair of long, fine, snmple setae (Fig. 2.33F) (Madagascar
L1 (—— veeees iV esoptilosdes (p. 103)
Forclegs w nhout \cmral ma:gmal convexity; labrum wider than long, with
pronounced anteromedial emargination or with anteromedial lobe, labium
not as above; gills asymmetrical, strongly tracheated... .....................19

glossa

Fig. 231 Peukieilz sp A, abdomen, dorsal view (mose enlaeged segment 1), B, gills (from top down)
1235&8 7, C labsam, D claw (Redrawn from Waillot & Gellies 1993b)
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thant Py i o

C

Fig. 232 Edwulmeans grondis A, head, in amtenior view, B, head, m lateral view, C, labwemn, in ven-
tral vaew on the left and Sorsal view on the night. D, mandible, E. leg with detail of claw (Redrawn
from Lugo-Ortiz & McoCafferty 15997¢)

Fig. 233 Nesopuiondes sp A, foreleg. B, labrum. C, Isbeam, in ventral vicw on the left and dorsal
view on the right. D_gill 4
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Labrum about 2.5x wider than long, dorsally setose, with small anteromedial
lobe (Fig. 2.34A); labial palps three-segmented, segments | and 2 clongate,
segment 3 very small, conical (Fig. 2.34B); mandibles long, narrow, molar
region modified to form apically bifid incisor (Figs. 2.34C.D); antennae with
distal segments serrate (Fig. 2.34E); tarsal claws (Fig. 2.34G) with seven to
cight denticles in two rows, increasing in size towards apex, no subapical
setae (Madagascar only) ... : Guloptiloides (p. 101)
Labrum without anteromedial lobe; labaal palps two- or three-segmented,
mandibles may be adapted for camivory as above, but without the apically bifid inci-
sor, antennal segments not serrate; subapical sctae present on claws... ... 20

Labrum about 3x wider than long, densely setose dorsally, with deep, broadly
U-shaped anteromedial emargination (Fig. 2.35A); labial palps two-segmented,
scgment 2 tapering slightly distally (Fig. 2.35B). mandibles with modified
molar area and highly developed incisors (Fig. 2.35C); gills with basal flap
forming a lobed extension to the lamellae, tracheation very strong, dendritic
(Fig. 2.35F)... . ..Centroptiloides (p 95)
Labrum vudcr lhan long olhet momhpam md gnlls not as above ...........21

. Labrum about 2.5x wider than long, with relatively deep, broad 1o narrow U-

shaped anteromedial emargination (Fig. 2.36A ); labial palps three-segmen-
ted, segments | and 2 approximately equal in length, segment * smaller, nar-
row-subconical (Fig. 2.36B); gills asymmetrical, strongly trachzated, but not
produced basally to form a lobe (Fig. 2.36C,D) (Madagascar only)............
................................................................... Herbrassus (p. 101)
Labrum only slightly wider than long (about 1.2x wider); labial glossae nar-
rower than the paraglossae, but not more than 1.5x as wide; labial palps with
variously developed distomedial projections; tarsal claws not as above. ...

Fig. 234, Gulopulondes sp. A, labrum. B, labsam, C, nght mandible, D, left mancible, E, antcnma.

i AN

F. mavlla, G, leg with detal of claw. (Redrawn from Gatolliat & Sarton 2000)




Chapter 2: Ephemeroptera 53

.
AN
‘ l
\ INCINOTY \ D
M\ W
Yi \ :,‘ t}'
| > |
|
e -
,__/‘/'\ l \_
l\'\l | J
7

Fig. 238 Conmropriosdes sp A, labrum, B labium, C, mandibles, showing modifiod molar regon (amomed )
D, maxilla E, clrw, F, gl 4. (C & E redrawn Fom Lugo-Ovtz & McCaflerty 1998a

Fig. 236 terbrossus sp A, labrum, B. lsbium (nove small palps—ammowed), C. gl 1. D, gl 5
E.maxdlla, F. nght mandible, G, left mandible, H, claw (Redrawn from Gattolliat & Sanon 1998)
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22, Labial palp segment 2 distally with small, upwardly-pointiag, thumb-like
distomedial projection (Fig. 2.37A); tarsal claws with subapical denticles
conspicuously larger than the remaining denticles (Fig. 2.27B); gill 1 nar-
row-clongate (paddle-shaped), untracheated (Fig. 2.37C), gills 2-7 narrow-

ovate with central tracheal stem only (Fig 2.37D) Susua (p. 109)
larsal claws with denticles not as above; gills not as above; labial palp not as
DOV ciivissian s Teivistned : Vi : . 23

23. Tarsal claws long, without denticles (Fig. 2.38A), with minute denticle medi-
ally in a single row (Fig. 2.38B) or in two rows (Fig. 2.38C). no subapical
setae; labial palp with segment 2 having acute inwardly-produced distome-
dial process (Fig. 2.38D); maxilla with two-segmented palp much longer than
galea-lacinia (Fig. 2.38E) (Africa and Madagascar) Cheleocloeon (p. 96)
Tarsal claws with moderately-sized denticles in two rows, in a medial posi-
tion along claw, subapical pair of setac present; second row of denticles re-
duced; second segment of labial palp without pronounced inwardly-produced
distomedial projection, segment 3 small; maxillary palp approximately
equal in length to galea-lacinia . .24

Sivomadial jrogecine

wibapecal
Jertic o

Fig. 237 Sussasp A labsam, B claw, C gl 1, D, il 4. E, maxlia, F, labrum m vetral view on
the left and dorsal view om the night. (Redrawn from Wusllot & Gilles |993b)
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| )

drso medial process

Fig. 238 Cheleacioeon sp. A-C, claw types A, edenate claw of O yolandar, B, with small, single
row of denticles (C excisum), C, showing two rows of menute dentacles (C merander) D, labvam
E. maxilla (B & F redrawn from Lugo-Omiz & McCafferty 19978, A & D redrawa from Willot &
Gallses 1993a)
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24.  Forefemur with transverse arc of long, stout, blunt setae subapically on the
dorsal side (Fig. 2.39A). hypopharynx covered apically with numerous fine
setae, but without bristle tufi, lingua trilobate (Fig. 2.39B); labrum as wide
as long (Fig. 2.39C) (Madagascar only) Ecninopus (p. 100)
Femora without subapical transverse arc of long setae; hypopharynx cov-
ered apically with numerous fine setae, but also with well-developed bris-
tle tuft at apex of lingua (Fig. 2.40A); labrum slightly wider than long (Fig
2.40B) (Africa and Madagascar) . . Afroptilum (p. 93)

lizgn a

FaRaverse row

o et

Fig 239 Fohunopus sp. A, forcfomur, showing are of setac and onlaspement of claw. B, bypopharynx
C, labrum, in ventral view on the left and dorsal view on the nght. D, labwm, n ventzal yew on the
et and doesal vaew on the nght, E. gl 3 (note serrmed margin —amowed) (Rodeawe from Gattolbaat

20020
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Tarsal claws usually stongly hooked, with small 1o well-developed denticles
in a single row ., s B S L AN San A S I
Tarsal claws edentate, or with a single row of minute denticles 16

Mouthparts highly modified, labium with glossae and paraglossae diver-
gent, greatly ¢longate, slender, terminally with a fringe of long, fine, simple
setae (Fig. 2.41A); labial palps segments 2 & 3 fused into slender club,
angled inwardly at base of club (Fig 2 41A); tarsal claws with four to six

large denticles basally (Fig. 241B) v Ophelmatostoma (p. 105)
Mouthparts not modified as above ...........coiviiiiiiiiiiinnnn, 27
beathe A
s grment 3
omally

Fig. 240 Afropeum sp. A, hypophanynx, B, lsbrum, C. ksbum (Rodrawn from Lugo-Ovtiz & MoCal-
ferty 199%a)

brushes of setae

VA

Fig. 241 Ophelmarostoma sp A, labium. B, claw, C, mavilla (Redewan from Gilles et ol 1990)
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27.  Tarsal claws with four stout, broadly-based denticles (Fig. 2.42A); mandi-
bles with incisors fused, clongate, bladelike (Fig. 2.42B); labium (Fig. 2.42C)
with glossae very narrow, paraglossae narrow, labial palp segment 2 basally
narrow, distomedially bulbous, segment 3 very short, rounded, offset from
center to the outside; gnlls stmngl_\ tracheated (Fig. 2.42E) (Africa and

Madagascar) - . cevvee Xyrodromens (p. 110)
Tarsal claws with few or many dunl icles; mnndmlcs vnthuul blade-like inc-
SOrs — 28

28 Tarsal claws with well-developed denticles, smaller basally, larger towards
apex (Fig. 2.43A); labium with glossae much shorter and rarrower than
paraglossae, paraglossae very broad; labial palp three-segmented, segments
| and 2 narrow-clongate, segment 3 narrowly rounded (Fig. 2.43B); maxilla
with two-segmented palp, segment 2 elongate, extending bevond galea-
lacima, slightly bulbous terminally in one species (Fig. 2.43C); terga with-

out posterior marginal spines (Fig. 2.43D) Glossidion (p. 100)
Tarsal claws with few to several denticles; mouthparts not as above 29

L ,," |

/ | v |

dewincles Ry =g { d )
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Fig. 242 Vyrodromeus sp. A, claw, B, mussdibles, C, labnar, in veatral view on the el andd dorsal view on
e nghd. D, mailix K, pll 4 F serpa with spines. (Redraan from Lupe-Ovte & MoCallerty 19971)
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29.  Maxillary palps three-segmented, extending well beyond galea-lacinia (Fig
2.44A); labium with glossac and paraglossae broad, usually rounded apscally,
labial palps two-segmented, segment 2 apically expanded or bulbous, all
fringed with long fine setac (Fig. 2.44B); tarsal claws hooked, with few 10
several large denticles (Fig. 2.44C) (Africa and Madagascar)

Pseudopannota (p. 107)
(Thun\ with fumnm; pads Fased for more than half thewr length (Fig. 2 44D subgenus
Prewdopannota) or less than half thewr length (Fig 2 44 subgenus Hemypannota)s

- Maxillary palps two-segmented; labium not as above; tarsal claws with nu-

merous denticles Of varlable 8EB0. .. ... «c.icicciicssssosissevsisessassessssoine J0

z !
4 M
A p ~

Fig. 243 Glosssdion sp A, claw, B, lsboum, = ventral view on the left and dorsal view on the nght,
C, maxilla. D, detsl of posterior portioe of tergite, showing lack of spines on postersor margin
(arrowed) (Rodrawn from Lugo-Oriz & McCallerty 1598b)

sepmen 0 ’,.' Ivl
| (
\ )
B ) \
l‘rt, '\ ’/.-...-‘\
\ / |
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D E

Fig. 244 Prendopamots spp A-D. P Prendopannota sebgenus A, maxilla, B, labum, C, claw
D, thoracs: forewing pads K, 7 Mempawmots subgens, thormek forcweng pads. (Rodewn from Elouand ¢t
o 1%0)
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30.  Segment 2 of labial palp with variously-developed, thumblike, distomedial
process (Fig. 2.45A), segment 3 rounded to subconical; maxillary palp seg-
ment 2 distomedially concave (Fig. 2.45B) or constricted (Fig. 2.45C); an-
tennal scapes distolaterally with notch (Fig. 2.45D), chamfered (Fig. 2. 45E)
or unmodified (Fig. 2.45F); villopore present (Fig. 2.45G), reduced, or ab-
sent; tarsal claws with numerous denticles that may be evenly sized, or
may increase in size towards the apex, (Africa and Madagascar) ... :
....................... Pseudocloeon & Labiobaetis (See duscussion on pp 102 & 106)
Labial palp segment 2 variously developed: if thumb-like, then maxillary
palp segment 2 without constrictions OF CONCAVILIES. ...c.coovvvvivvsreniniiii. 31

31. Head with small carina present between antennae; (Fig. 2.46A); labial palps
clearly three-segmented, segment 3 bluntly pointed apicolaterally (Fig.
2.46B); maxillary palp segment 2 without distomedial constriction (Fig.
2.46C); rarsal claws narrow-clongate, with 13-15 slender, sharp denticles,
increasing in length apically (Fig. 2.46D).................. Nigrobaetis (p. 104)
Frontal carina absent; labial palp with various modifications...... .......... 32

32. Labial palp segment 2 basally narrow, broadly rounded and produced dis-
tomedially; segment 3 partly fused with segment 2, nipple-like (Fig. 2.47A);
maxillary palp constricted in apical upper quarter of terminal segment, some-
times giving the appearance of two segments, fringe of small setae on apex of
palp (Fig. 2.47B); gills (Fig. 2.47C) present on abdominal segments 2-7;
tarsal claws with about six small denticles subapically (Fig. 2.47D).

......................................................... Rhithrocloeon (p 107)
Labial palp segment 3 not tused maxillary palp not constricted as above;
gills usually on abdominal segments 1-7, tarsal claws with denticles vari-
ORI IO oo n e oo i S8 S AR AR AR TASE SN AP RS YA A s 33

' 4 l/ .
D E r v.l.."

Fig. 245 Labiobaeris sp. and Prewdocioeon sp. A, lsbram, m ventral view on the left and dorsal view on e
nght, B, maxilla, with concave palpal sepment (amowed), C, macilla, with comstncied palpal segment
(amowed), D, antenna, with notched scape (amowad), E. antenna, with chamiored scape (arowed), F, antenna,
wid smoddied scape (amowed), G, femer, showing villopors. (A F redrran from Lugo-Oxtiz & McCafferty
19974y
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Fig. 2.46. Nigrobaetis sp.. A, head, i anterolateral view, B, labium, in ventral view on the left and
dorsal view oa the nght, C, maxillx. D, claw. (From Lugo-Ortiz & de Moor 2000)

sepnent 3 (parcally
fused 10 segment |

frage of
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Fig. 247 Rhubrociocon sp - A, labium, i ventral view | B, maxilla; C, gill 4, D, claw (Redrawn from
Gillies 1988)
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33. Tarsal claws with up to about 10 strong denticles, increasing in size from
base to apex (Fig. 2 48A); labial palp segment 2 with slight anteromedial
emargination, segment 3 broadly rounded, (Fig. 2.48B), maxillary palp two-
segmented, shorter than galea-lacina; (Fig. 2.48C); tibia without proximal
arc of setae (cf. Fig. 2.49A).......... Baetis (p. M)

- Labial palp segment 2 with variously developed, anteromedial emargina-
tion, segment 3 may be ovoid to rounded; tibiae may have proximal arc of

34. Tarsal claws with two enlarged subapical denticles and four to six small
basal denticles (Fig. 2.49A); labial palp with second segment strongly pro-
duced distomedially, forming thumb-like projection, and with third segment
ovoud and apically rounded (Fig. 2. 498); tibiae with small subproximal arc
of sctae (Fig. 2. 49A) . Crassabwa (p. 97)

ossa saraghoasa

tersurad

palpal wegmest

D v

. .v.\ \rvr |. 1'ﬁ~(

Fig. 248 Boeris sp A, claw, B labium, m dorsal view | C, maxilla, D, posters margen of abdominal
Krpite, showing spmes

projection of
wgren ) I\‘

wbprovimal arc
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Fig. 249 Crasabva 9 A kg showng subprocmal arc of setae, with claw enlwped & show dentacles
(arowed). B, labwa, i ventral view o0 the left and dorsal view on the night, C. maxilla (st pomied
v of palp—arowed). D, marginal spines from posienor of abdommal segments (Redrawn from
Lugo-Ortaz & MoCafferty 1996)
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Tarsal claws may have enlarged subapical denticles or, if not notably
enlarged, then a gradation from smaller denticles basally to larger ones
subapically; labial palp with second segment without inwardly-produced
thumb (e.g Figs. 2.50B, 2.52D) and with third segment bulbous.... ... .35

Tarsal claws (Fig. 2.50A) with few to numerous denticles, usually weak bas-
ally and stronger apically; maxillary palp segment 2 usually apically
rounded but apically papilliform in some species (Fig. 2.50B) (Africa and
Madagascar )... . Dabulamanzia (p. 98)
Tarsal claws (hg 2 ‘Oba \\nh poorl\ dc\rloped dcnuclcs basally, and pair
ofcnlar!,cd denticles medially; maxillary palp segment 2 apically papilli-
form (Fig. 2.50F) (Madagascar only) veereeacendVesydemius (p. 104)

Fig. 2.50. A-D, Dabsdamanea sp - A, leg and claw (nowe ssbprocemal arc of sctac—arrowed )|, B, maxilla
showing palps with unesodiled rounded tips, C, labwe in vestral vaew on the beft and dorsal view on
the right, D, posterior margin of abdominal tergae, showng spines E-F, Nendemnes sp - E claw
F, maxslla showng palp with papilitfoem up (arowed) (Redrawn from Lugo-Ovtiz & McCaftierny

1696)
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36. Tarsal claws short, edentate or with minute denticles subapically ...........37

- Tarsal claws usually elongate, edentate or with small to minute denticles in
OB BOW..csicvinisnisassussrsvivison ealsute BBk e Tee RS TSI POTN 38

37, Tarsal claws short, blunt, edentate (Fig. 2.51A); legs devoid of setae except
for posterior margin of hind tibiae, antennae short (only slightly longer than
width of head); cerci short; maxilla with very short two-segmented palp (Fig.
2.51B); labium with glossae and paraglossae subequal, paraglossae with api-
colateral emargination (Fig. 2.51C), palps two-segmented, terminal seg-
ments large, bulbous; nymphs living in association with freshwater mussels
(Africa and Madagascar) ... : .. Mutelocioeon (p. 103)
Tarsal claws short, pointed, edentate or with minute subapical denticles (Fig
2.52A); tibiae and tarsi with long row of distinctive setac (Fig. 2.52A); ant-
ennae very long in some species; abdominal sterna 2-6 with sublateral tufts
of long, fine, simple setae (Fig. 2.52B); maxillary palps narrow, shorter
than galea-lacinia, segment 2 bent near tip (Fig. 2.52C); labial palp seg-
ments 2 and 3 subequal in length, segment 2 simple, scgment 3 ovoid
ovoid with rounded to slightly squared margins (Fig. 2.52D) (Africa and
Madagascar) .................Cloeodes and Maligua (see discussion, pp 96 & 102)

38.  Tarsal claws (Fig. 2.53A) long and slender, approximately two thirds length
of respective tarsi, edentate or with minute denticles in basal third; gills
strongly asymmetrical, palette-shaped. strongly tracheated (Fig. 2.53B); la-
bial palp segment 2 with subrectangular medial process, broadly rounded
apically, segment 3 conical (arrowed in Fig. 2.53C); maxilla with long, slender
two- or three-segmented palp (hg 2.53C) (Africa and Madagascar) ..........

Demonlima (p. 99)
Tusal ;Invu (an 2 S-M) nol lon; .appronmatclx H qumrflhe length of
respective tarsi, with single row of weakly-developed denticles; gills (Fig.
2.54B) not strongly asymmetrical; labial palp segment 2 basally narrow,
slightly produced distomedially, segment 3 partly fused with segment 2,
broadly rounded (Fig. 2.54C); maxillary palp with abrupt constriction in api-
cal upper quarter of terminal segment (Fig. 2.54D)... ... Bugilliesta (p. 95)

apecciaieral
gt on pataghians

Fig. 251 Mutelociocon sp A kg and claw, B, maxilla, C, laboum, in ventral view on the left and dorsal
scw on the nght (Redeamn from Gellies & Elouard 1990)
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Fg 182 Clocodes sp and Maiigua sp.. A, forcieg and claw, B, ventral abdomunal setal wil, C. manaia
D, labeum. E. gill 4 (Sex p 96 fir 2 duousson on the systermatios of these two gemera) (A redeswn from Waltz &
MoCaflesty 199, C-F from Lago-Onter & MoCafienty 19%7¢)
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Fig. 253 Demoslinna sp. A, claw, B, galls. C, labvam o ventral view, D, maxilla (Rodrawa from

Crass 1947)
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Fig. 2.54. Bugiiliesia sp A, leg with detail of claw, B plis, C, labsmn, m ventral view, D, manalla
mode constriction in palp—arrowed) (Redrawn from Galbes 1990a)
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HEPTAGENIIDAE: KEY TO GENERA
| Supracoxal spurs absent; gills apically rounded (Figs. 2.55A,8,D) or weakly
pointed (Figs. 2.55C.E H) (Africa & Madagascar) vore Afronurns (p. 111)
Supracoxal spurs well-developed (Fig. 2.56A); gills apically pointed (Figs
2.57TA-D); nymphs often with distinctive purplish coloured markings (which
may fade with time on alcohol) (Africa & Madagascar)

Thalerosphyrus & Compsoneuria
(sccpp 110 & 112 for a discussion on the systematics of these genera)

Fig. 255 A-D Afowrnc bovardi plls A gl LBl 3. C plls D gl 7 E-H 4 stz pills
Epll I Fplld G pls H gl 7 (A-D redrawn from Schoonbee 1968, |- H redrawn from
Samon & Floused 1996)
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Fig. 2.56 Compromeuria Seguaerts supra conal spurs (arrowed)

Fig. 2.57. A-D. I'haleroapiyrus josettoe gills 1.3, 6 and 7 (Rodrawn from Sarton & |

ouard 199
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OLIGONEURIDAE: KEY TO GENERA

Head with distinct frontal carina, extending from base of antennag 10 the mar-

gin of the head (Figs. 2.58A); gill | with or without well developed lamella,
gills 2-7 slightly pointed apically, cach lamella longer than the segment from
which it anises (Fig 2.598) (Madagascar: subgenus Madeconeuria)

P — ' Elassonewria (p. 112)
Head (Fig. 2.59A) without frontal carina; gill I with poorly developed

lamella, fibrillar portion dominant (Fig. 2.59B.C), gills 2-7 rounded apically,

cach lamella shorter than the segment from which it arises (F g. 2.59D)
Nige wewriopsis (p 112)

canna

=

Fig. 258 Dlassosewrsasp A bead B gl 7 (Redrawn from Agnew 1980,
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IRICORYTHIDAE: KEY TO GENERA
Nymph with markedly flattened body (Fig. 2.60A); fringe of hairs on the
underside of the thorax forming a sucker disc (Fig. 2.60B); legs with femora
very broad and flattened (Fig. 2.60A), about 1.5x longer than broad; gills 2-6
fibrillate (Figs. 2.60C,D); fringe of setae present anteriorly on margin of
head (Fig. 2.60E) AT Duerulm"tm(p 113)
Nymph with body not 'mrtcdl\ ﬂancncd ncnhcr w:ntral thorax nor antenor
margin of head with fringe of hairs, though setal brushes from mouthpans
visible (Fig 2.16 F); femora may be flattened, but not as broad as above; gills
2-6(Figs. 2.61A-C, 2.62A,B) composed of two lamellae, an outer ovoid
lamella and an inner bifid lamella, composed of a series of evagnations....2

Mature male nymphs with developing genitalia prominent; gills 2-6 progress-
ively decreasing in size down body (Figs 2.61A-C) (Madagascar). ,
Madecassorythus (p IHD
Developing genitalia not cndcm in malc nymphs; gills 2-6 of similar size
(Figs. 2.62A.B) (Afnca & Madagascar) v Tricorythus (p. 115)

fermory o« -

flanened)

Fig. 260, Dwercomyzom sp. A-B, mmph with vanous appendages truncated A, dorsal view, with
detad of hindclaw; B ventzal view C=D, gills C, gill 2. D, gl 6 E, head. m dorsal view (A-D
redrawn from Demouls 1964, F redrawn from MoCafferty & Wang 2000)
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Fig. 261 Madecassonythus sp A, pill 1B, gill 3. C_ gl 5. D, right mandible. (Redrawn from Olian-
nonry et al 2000)

Fig. 2.62 A, Triconythus sp, pill 3 B-C, T discolor B, gill 3. C. night mandible D-E. Tricorythus sp
D, nght mandible, E. Jabsam, in ventral view, F, kg (A & D redrawn from Demowlin 1981, 8 redrawn
from Bamard 1932 C & F redrawn from MoCafferty & Wang 2000)

EPHEMERYTHIDAE
No key to genera, as only one genus currently known: Ephemerythus.
(Sce Figs. 2.16A-E & p. 115).
MACHADORYTHIDAE

No key to genera, as only one genus currently known: Machadorythus.
(See Figs. 2.6A-F & p. 116).

TELOGANELLIDAE
No key to genera, as only one genus currently known: Teloganelia.
(Madagascar only: sce Figs. 2.15A-C & p. 116).



72 Freshwater Invertebrate Guide 7: Insecta |

TELOGANODIDAE: KEY TO GENERA

1. Lamellate gills on abdominal segments 2-5 (Fig. 2.63A), gill 1 filamentous,
claws with two rows of denticles (Fig. 2.63B), dorsal abdominal tubercles
paired, or terga with broad, straight margins or at least some terga with
slightly bifurcated posteromedial protuberances (Figs. 2.63C. D.E)

Ip— o .Nadinetella p 118)
Lamellate gills on abdominal segments 24 or 2-6 (Figs 2.65A), gill 1 fila-
mentous; claws with one row of denticles (Fig. 2.65B); abdomen with sin-
gle mid-dorsal tubercles (Figs. 2.65A, 2.66A ) or without tubercles (Fig

;'h~l> 2
—,l\ /“k‘ k-__,z
- -_— \ —
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Fig. 263 Naduewella sp A, whole nymph, with cerci truncsted (moe fillamenmtous galls arowed
wd lamcliate gails 250 B claw show ag ¢ suble row of deniles, C-E. N crasnr, abduoesn, 5 wwng
varanons in types of abdommnal tubercles. (Rodrawn from MoCafferty & Wang 1997

LS

N

P 264 [estape 2 permoniata, nymph with cerci uncated  (Redeawn Som MoCaSorts & Wang 1997
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Head margined with long sctae anteriorly (Fig. 2.64); gills on abdominal seg-
ment 2 operculate (arrowed in Fig 2.64), covering lamellate gills on segments
3 and 4, gill 1 filamentous Lestagella(p. 118)
Head not margined with long setae (Figs. 2.65A, 2.66A), gills on abdominal
segment 2 semi-operculate (Figs. 2.65A, 2.66A), with part of following gill
pair exposed, filamentous gill 1 present or absent .. i, 3

Dorsal abdominal tubercles single and sharp |hg. 2.65A). ﬁlamcntum gnll 1
absent, lamellate gills on abdominal segments 2-6 (Fig. 2.65A)..
Ephemerellina (p. 117)
Doml abdommal tuhcrulcs bmad and ruundcd ( Flg 266A); filamentous gill |
present, lamellate gills on abdominal segments 2-6 Lithogloea (p. 118)

Fig. 2.65 Ephemerelima sp A mymph, with cercs truncated, = dorsal view, B, claw, showing single
row of demticles (Redrawn from MoCafferty & Wang 1997)

Fig. 2.66. Luhogioea sp , nymph with cerci truncated



Freshwater Invertebrate Guide 7: Insecta |

CAENIDAE: KEY TO GENERA
Operculate gills with Y-shaped r dee on dorsal surface (| igs. 2.68AKC, 2.69A,
2708, 2.71A, 2.72A); maxillary palps two-segmented (Figs. 2.718, 2.728),
three-segmented (Figs. 2.67B, 2.69B, 2.70D) or absent (Fig. 2.68B) 2
Operculate gills without Y-shaped ridge on dorsal surface (Fig. 2.67A)

maxillary palps 3-segmented (Fig. 2.67B) Caenospella (p. 121)

Maxillae without palp (Fig. 2.68F); claws hooked, without denticles (Fig
2 68H); head, body and legs fringed with long hairs (Fig. 2.68A) (Madagas
car only) Madecocercus (p. 121
Maxillac with two- or three-scgmented palps; claws tapering or hooked,
with or without denticles; body not markedly fringed with hairs 3
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Fig. 247 Caenospella sp A, operculaie gill 2, B, maxilla; C, mandible, D, labium i vestral view or

d dorsal seew on the g, E. claw  (Rodrawn from Gallies 19
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Fig. 268 \adecocercur 5 A mymph. with sruncated cerci . B, gill |, C, quadrate operculate pill 2

D gl 3 E gl 5
ferty & Wang 1995

F. maxilla. G, labwam, in ventral view, H, forckeg and claw. (Redrawn from Mol'al-
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3. Claws long, slender, without denticles (arrowed in Fig. 2.69E); maxillae with
three-segmented palps (Fig. 2.69B). mandibles without setation on outer
margins (arrowed in Fig. 2.69C) {frocaenis (p. 119)
Claws usually with denticles, although these may be minute (Fig. 2.70G)
maxillac with two- or three-segmented palps; at least one mandible with
setae on outer margin (arrowed in Fig. 2.70E) i

4 Maxillary palps three-segmented (Fig. 2.70D); forelegs without prominent
brushes of long hair-like setae on tibiae and tarsi, although whorls of shorter

- -

setae may be present (Fig. 2.70G); tarsal claws usually tapering, with min-
ute denticles, or no denticles (Fig. 2.70G); outer margin of operculate gills
fringed with long, hair-like setae (Fig. 2.70A) (Africa & Madagascar)

ous — Caenis (p. 120)
Maxillary palps two-segmented (Figs. 2.71B, 2.72B); forelegs with promi-
nent brushes of hair-like setae on tibiae and tarsi (Fig. 2.71E, 2.72E); outer
margin of operculate gills fringed with short, spatulate setae (Fig. 2.71A,

2.72A) 5
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Fig. 209 Afrocaems sp A, operculate gill 2, B, maxilla. C, mandble. D, labivm, in vemtral view
k. foeckg (Redrawn from Gellies 1982)
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Fig. 2.70 Caemes sp. A, filamentous gall |, B, operculate gill 2; C, gall 3 (nose typocal fibnllar frnge
srowed). D mavilla, B, mandibic, F. labsam, o ventral view on the keft and &orsal view oo the night
G, forcleg, with detail of claw. (Rodiawn from Provonsha 1990)
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Setal brushes on forelegs made up of randomly-arranged, hai~-like setae on
dorsal surface and inner margin of tibiae and tarsi (Fig. 2.71E). mandibles
with four to seven stout setac on outer margin (Fig. 2.71C); tarsal claws
strongly hooked with four to five median denticles (Fig. 2.71E)
Barnardara (p. 120
Setal brushes on forelegs made up of hair-like setae arranged in distinet rows
(Fig. 2.72E). mandibles with two rows of long sctae on outer margin (Fig
2.72C); tarsal claws slender, tapering, slightly curved, with five to seven

minute denticles in basal half (Fig. 2.72E) Chpeocaenis (p. 121)

| Bavmardira sp A operculate gill 2, B, mavilla, C, manddde, D, labium, i ventral yscw on

e left and dorsal view on the nght; £ forgleg, with desml of claw. (Redrawa from Provonsha &
MoCafferny 1995)
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Fig. 2.72 Chpeocaenis sp - A, operculale pill 2. B. maxilla. C. mandible. D, labum, in ventral view

on the left and dorsal view on the nght. E, foreleg (with detal of claw) (Redrawn from Provosshs &

MoCatlerty 1995)
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EPHEMERIDAE: KEY TO GENERA

Mandibular tusks with large, somewhat irregular denticles laterally (Fig
2. 73A) Palingenia (p. 124)
fandibular tusks edentate (Figs 2.74B-F) or laterally with socketed spurs

towards apex (Fig iC) 2

2 Frontal process apically serrate (Fig. 2.73B); mandibular tusks with smooth,
well-sclerotized apex. and socketed spurs along lateral margin (Fig. 2.73C);
(Madagascar only) Cheirognesia (p. 123)
Frontal process concave or convex (Figs. 2. 74 A, C); mandibular tusks eden-
tate (Figs 2.74B, C, D) i

j Frontal process convex (Fig. 2.74A) (Afnca & Madagascar) Eatonica (p. 123)
Frontal process notched (Figs 2.74C, D, E) 4

4 Mandibular tusks poorly developed (Fig. 2.74C), not visible from dorsa
VICW ifromera (p. 122

Mandibular tusks we!l developed (Fig. 2.74D), clearly visible from dorsal

VIEW " v Ephemera(p. 123)

Fig. 2.7 A Palmgen & wheie mymph B-C, Chewr genersa sp. B, dorsal view of head O, dotn
| 1 leit mansdible showmg socketod spens (mrowed) (B & C redrawn from McafSerty & Edwaeds 1978)
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Fig. 274 A-B, Eatomca sp A, head, in doesal view, with mandibles and right antenna removed
B detasl of mandubles. in ventral view C. Avomera sp . head m lateral vew . D-E, Ephemera sp

D, head, = loternl veew, showing long mandibular tusks, £ head (with left antenna truncated |, in dor
sal view. F, &tail of It mandblke (A & B redrawn from Demoglin 1968, C & D redraan from
McCafferty & Gillies 1979, F redeawn from Crass 1947)
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POLYMITARCYIDAE: KEY TO GENERA

I Mandibular tusks elongate and slender, laterally and medially with thick

rows of long setae (Figs. 2.75A); gl | bilamellate (Figs. 2.75B, 2.768)

-

Mandibular tusks short and robust, without continuous row of setae laterally
and medially (Figs. 2.76D, H); gill 1 unilamellate (Figs. 2.76E, 1) 4

. Mandibular tusks as long as combined length of head, thorax and first two
abdominal segments (Fig. 2.75A); caudal filaments shorter than abdomen,
with setac along their entire length (Madagascar only)

Proboscideplocia (p. 126)
Mandibular tusks shorter than combined length of head, thorax and first two
abdominal segments (Fig. 2.76A), caudal filaments at least as long as abdo
men, with setae along three quarters of their length 3

3 Gill 1 with unegual lamellae (Fig, 2.75B); gills 2-7 about 1.5 X length of corre-
sponding abdominal segment (Fig. 2.75B) e Exeuthyplocia® (p. 125)
Gill 1 with subequal lamellae (Fig. 2. 76B), gills 2-7 approximately equal in
length 10 corresponding abdominal segment (Fig. 2.76A)

{froplocia® (p. 124)

R Mandibular tusks robust, medially denticulate (Fig. 2.76D.F,G)
Povilla (p. 126)
Mandibular tusks robust but more slender than above, laterally and dorsally

with short, pointed nodules (Fig. 2.76H.K) Ephoron (p. 125)
® wo posera are remarkably simelar as mymphs. sach that one man @uesoos the valsimy of thes separamne
wo different gosera gy ¢ cas 'y separabic as adelts, howewer (Dem

Fig. 2.75. A, Proboscadopiocsa sp. dorsal view of bead showmg long. narmow tusks BC. Exennhy
¥
pocwa sp B, pil C. abdomural scgment, showeng typecal arrsmpement of sclac on the nght,

strecture of il S oo the left (A redrawn fromn Flovmd ot & 2000, B & C redrawn from Gillecs
“wN
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Fig. 276 A-C, Afroplocia sp A, nymph (with cerc: truncaed and left appendages removed) in ¢
sal view, B gill 1, C pll 2 D-G, Pontilie sp D, whole mvmph, i dorsal view, E_ pill |, F, detal of hoad
n dorsal view, G, keft and nght mandibles, m dorsal view, H-K. Ephoron 9 L mymph (with cerca truncased
wnd el appendages removed ). m dorsal view, Ll 1L J, gill 20 K left mandibie (A-L redrman froen Hameed
1940, D redraan from Agnew 1980, F-G redrawn from Demoulin 19568, H-K redrawn from Crass 147)
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LEPTOPHLEBIIDAE: KEY TO GENERA

Gill 1 similar to middle gills with similar dorsal and ventral lamellae (Figs
2.77A, 2.78B, 2.79F & 5, 2.80A, 2.81A-C) 2
Gill 1 absent, or different from middle gills, operculate, or non-operculate but
with single lamella (Figs 2.82A, 2.83A, 2.84A-C, 2.85A) or with different
dorsal and ventral lamellae (Fig. 2.82E) 7

- -

Gills long and slender, tracheae unbranched (Figs. 2.77A, 2.78A & B) 3
Gills with broad lamellae, racheae branched (Figs 2.79F & G, 2. 80A_ 281).... 4

Gill lamellae narrow, terminating in long, filamentous projections (approx-
imately equal in length to lamellate portion), inner gill only slightly shorter
than outer gill (Fig. 2.77A); small posterolateral spines on abdominal seg-
ment 9 only; claws with strong denticles becoming progressively larger

S

apically (Fig. 2.77B); mandible with fringe of setae along lateral margin,
extending medially to basally (Fig. 2.77C) (Seychelles only)
Hagenwlodes (p. 129)

Gill lamellae narrow, gradually tapering apically (Figs. 2.73A B), inner la-
mella distinctly shorter than outer lamella; posterolateral margins of abdomi
nal segments not produced to form spine-like projections; claws (Fig. 2.78C)
with small, forwardly-projecting denticles basally, a large central denticle,
followed by four strong denticles, gradually increasing in size towards apex;
mandible without wfl of setae along lateral margin (Fig. 2.78D)

Castanophlebia (p. 128)

Claws edentate (Fig. 2.79A), posterolateral margins of abdominal segments
8 and 9 produced to form double spine-like processes (Fig. 2.79B); gills
with upper and lower lamellac of approximately equal size, with multi-
branched trachea, terminating either in a single filamentous process (Fig
2.79F) or in three filamentous processes (Fig. 2.79G). The lateral filaments may
be vaniously developed, being represented as mere bulges (Fig. 2.79C), through to
fully-developed filaments (Fig. 279D & E) N Aprionyx (p. 128)
Claws denticulate (e.g. Figs 2.80A, 2.81E, 282D&G, 2 83C&G); posterolateral
margins of abdominal segments 8 and 9 produced to form single spine-like
processes (Fig. 2.81D); gills terminating in short, finger-like processes
(Fig 2.80A), single tapering filamentous processes (Fig. 2.81A-C), or ina
small medial projection with the lamellae extended laterally (Fig. 2.81F)..

P

/.}7 Aenticles

3 e
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C

377 Hageswlodes sp A, gill 4, B daw of foeeleg, C, ket mandible (Redrawn from Peters &

Edmunds |966)
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Somtic e § \'\

Fig. 2.78 Casamophlebia sp A pll 7; B gl 2, C, claw of forcieg, D, left mandbic (nove shsence of setac
on laorad margin—armowed) (A-C rodepwn fom Bamaed 1932, D redran from Peters & Fdmunds 1964)

Fig. 2.7 A-E. Aprionyx sp. dstinctive features of the penus A edentate claw, B, termanal abdomen
showing doetal of biscummate endings of lateral margins of sepments § and 9. C-E, 4 rracoapadane
terminal sectsons of pils, showing vanation i the development of @il Glaments within Bus spocwes
F A mtermediug pill 4 G A tricaspadana pill 4 (A F & G redeawn from Peters & Edmunds 1964
B-F redrawn from Crass 197)
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S.  Gills with four to six short finger-like processes distally (Fig. 2.80A), upper
and lower lamellae of similar size; claws (Fig. 2.80B) with many (about 10)
denticles of more-or-less even size (Madagascar only) Polyihelais (p. 1531)
Gills with single tapering filamentous processes (Fig. 2.81A-C) or small medial
projection with lamellae extended laterally (Figs 2.81F); claws with denticles
gradually increasing in size from base to apex, with or without larger termi-
nal denticle (Figs. 281E & G) 6

6. Gills apically produced to form single, slender projection; in some species,
ventral lamellae are smaller than dorsal lamellae (Figs. 2.81A B), in others
the lamellac may be subequal (Fig. 2.81C); the terminal projection may not
be well developed (Fig. 2.81A); small single posterolateral spines present on
abdominal segments 3-7, larger single posterolateral spines on segments
8 and 9 (Fig. 2.81D); claws (Fig. 2. 81E) with about 12 denticles progressively
larger towards the apex, and a wnglc much larger denticle apically

: Adenophlebia (p. 127)
Gills qu.un with a \'n'll ru_ul process and lamellae extended to 'u'rn
short, rounded processes on either side (Fig. 2. 81F); claws (Fig. 2.81G) with
about 11 strong denticles (Madagascar only) ... Petersophlebia (p. 130)

Gill 1 absent; gills 2-7 each consisting of a single long, s'ender lamella,
deeply forked from the basal third (Fig. 2.81H); claws (Fig. 2 811) with about
10 denticles which gradually increase in size towards apex H!adagnsur
only) Nesophlebia (p. 130)
| 1 present (e.g. Figs. 2 8‘ A, C, 2 183A); gills 2-7 each consisting of a sin-
EI\ long, slender lamella, deeply forked from basal lhnrd (Fig. 2.82B) or plate-
like with vanously developed processes (e.g. Figs. 2.82D, 2.83B, 2 84B)
8
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Fig. 280 Polythelais sp. A gl & B claw of forekeg | Rediawn from Demoshin 1973)
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Fig. 281 A-B Ademopiiehls aurcudonz, vanous types of pills: A, gill | (mote e relatively shor basal
lancia-avowed) B pll 4 C-D, 4 shatca  C, gl 4 (note the subegug lamellac), D, postervor abdomen
showing single posterolsteral spmnes (arrowed); E, claw of foreleg. F-G, Peiersaphlebia sp. F pll 4
G, claw of foreleg. H-1, Nesopiledar sp - H. gill 4 1, claw of forcleg (A, B & C redrawn from Crass
1947, D redrawn from Demoulin 1951, E redrawn from Peters & Edmunds 1964, F redrawn from
Demoslin 1973, G redeawn from Demoulin 1955b, H & | rodrawn from Pesers & Edmunds 1964)
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Fig. 283 A-C, Adenophiehiods - A
D, gl 1, E, detml of lamella of gill 4, in dorsal view
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Gill | broad, made up of a single lamella, apically cleft (Fig. 2.83D); gills
7 bilamellate, the upper lamella smaller but similar in appearance 10 the
lower lamella, each apically cleft (Figs. 2 83F.G ); claws with denticles uni
form in size except for larger apical denticle, preceded by needle-like denti
cle (Fig. 2.830G) Hyalophiebia (p. 130)
Gill 1 long and slender, to filamentous (Figs 2.84A-C, 285A & B): pills
7 apically with three variously-developed processes (Figs 2.84D, 2.85(
2.86A) claws not as above (Figs 2 84E. 2.85D, 2 86C) 2

Gill 1 lanceolate (Fig. 2.84A) or with narrow lamella and single apical proc

ess (Fig. 2.84B.C); gills 2-7 apically with three processes, medial process

obviously longer than apicolateral processes on cach lamella (Fig. 2.84D);

claws broad in mid region, tapering abruptly to form strong hook (Fig. 2 841

labrum with deep V-shaped notch (Fig. 2.84F) Choroverpes (p. 128)

Gill | filamentous (Figs 2.85A & B), gills 2-7 apically with three slender
subequal processes on cach lamella (Figs. 2.85B, 2.86A); labrum with shal

low medial notch (Figs. 2. 85D, 2.86D)) 13

Posterolateral margins of abdominal segmemts 3-9 with poorly developed
single spines; claws tapering evenly from base to apex (Fig. 2.85C); labrum
laterally rounded (Fig. 2.85D) (Atrica & Comores) Euthraulus (p. 129)
Posterolateral margins of abdominal segments 3-7 with well developed
single spines, 8 and 9 produced to form double spines (Fig. 2.86B); claws
with irregular denticles (Fig. 2.86C); labrum laterally divergent (Fig. 2.86D)

Fulletommus (p. 129)

g 184 horoverpws sp A-L, v
releg. F. labrum (note docp noch—arrowed
tawe from Peters & Fdmunds 1964
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Fig. 236 Fulleromimus sp - A, gl 4, B, doesal view of abdomen showing filamentous pill | and the
postcrolatoral baacaminate endings of abdominal segments 8 and 9. C, claw of freleg, D, labrem

PROSOPISTOMATIDALE

There is no key to genera, as only one genus (Prosopistoma: Fig. 2.6)
is currently known
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NOTES ON FAMILIES AND GENERA
BAETIDAE (Figs. 2.17-2.54)

Ihe family Baetidae, or small minnow mayflies, is widespread in the
world except in New Zealand and other remote oceanic islands. In the

Afrotropics, it is a diverse and important component of the Afrotropical
freshwater biota, with 40 genera currently recognized in the literature, 18
of these occuring in South Africa. It is worth noting that there 1s dispute
over the validity of several genera, resulting in two genera Keying out at
the same point in a few instances (for example, Clocodes and Maligua,
Labiobaetis and Pseudocloeon)

Nvmphs of small minnow mayflies are readily distinguished by having
the lateral ocelli located above the lateral branches of the epicramial suture
(Fig. 2.7B) and the femoral apices with a ventrally oriented dorsal lobe
(Fig. 2.7D). The head is hyvpognathous, the antennae are longer than the
length of the head capsule, and the body is generally elongate and cylindn-
cal. The presence or absence of hindwing pads and the degree of develop-
ment of the medial caudal filament has previously been used to delineate
genera. These charactenistics have been shown to be inconsistent, however,
even within individual genera, and are, therefore, of little diagnostic value
Mature male nymphs generally show the developing turbinate compound
eves of the adult stage (Fig. 2.4B & C). Baetid nymphs are generally found
in flowing waters, but all members of certain genera (for example, Cloeon and
Procloeon) are found in still waters and temporary waterbodies

Although little 1s published about feeding in Afrotropical Baetidae
nymphs, most are collector-gatherers, feeding generally on detritus. The
nymphs of two genera (Centropiloides and Guloptiloides) are carnivorous,
and others are filterers (¢.g. nymphs of Ophelmatostoma and Mutelociooen)

['he sizes of nymphs, given below, are estimates at generic level, and
certain species within a genus may not fit these estimates

{canthiops Waltz & McCalfferty, 1987
(I 125 224A-L & 2.26A & B)

I'he genus Acamthiops has a widespread distribution in the Afrotropics,
where 1t 1s endemic and represented by |13 species, three of which are
known in South Africa. Its nymphs are distinguished by its emarginate and
laterally expanded and flattened pronotum (Fig. 2.24B). Other characteristics
that aid in distinguishing nvmphs of Acamthiops include the variously
developed dorsal abdominal wbercles (Figs. 2.24C.D.E). With the excep-
tion of one species reported from Kenya, nymphs of Acanthiops have two
rows of denticles on the tarsal claws (similar to Fig. 2.20B). The medial
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caudal filament is undeveloped in most species (Fig. 2.24A), but is well devel-
oped in A. cooperi and A. erepens (Fig. 2.26A). The body of a nymph may be
up to about 7.0 mm in length, the cerci 4.0 mm. Nymphs of Acanthiops are
primanily found under small- to medium-sized stones in fast- and moder-
ate-flowing streams at middle to high elevations.

Useful references
Barber-James & McCafferty (1997), Ganolliat 2000; Lugo-Omiz &
McCafferty (1998a); Lugo-Ortiz et al. 2001; Waltz & McCafferty (1987)

Afrobaetodes Demoulin, 1970
(Figs. 2.17D-H)

The genus Afrobaetodes has been reported from western, eastern and
southern Africa and Madagascar, and is endemic 10 the Afrotropics. There
are six known species, three of which occur in South Africa. Its nymphs
are distinguished by the ventrally-oriented, lamellate gills (Figs. 2.17D.E),
a ventrolateral filamentous gill on each side of prosternum (Fig. 2.17D)
and the presence of a distolateral process on maxillary palp segment |
(Fig. 2.17F). With the exception of the species reported from Madagascar,
nymphs of Afrobaetodes have one row of denticles on the tarsal claws.
Dorsal abdominal tubercles are either present or absent. The medial caudal
filament is undeveloped. Mature nymphs are about 3.2 mm in length, with
cerci measuring 2.7 mm. Nymphs of Afrobaetodes are found under small-
to medium-size stones or among gravel in fast- and moderate-flowing
streams at moderate elevations

Useful references
Gattolliat & Sartori (1999a). Gillies (1991b). Jacobus & McCafferty
(2001); Kimmins (1955); Lugo-Ortiz & McCafferty (1996¢).

Afroptilum Gillies, 1990
(Figs. 2.40A-C)

The genus Afroptifum has been the subject of considerable revision that
has resulted in the establishment of numerous new genera. As a conse-
quence, the concept of Afroptilum has been severely restricted, and it is
now feasible to distinguish nymphs of the genus readily from those of
other Afrotropical genera. Afroprifum is widely distributed in eastern and
southern Africa, and it has been reported from Madagascar and the Como-
ros Islands. Ten species are recognized. in total, of which two are known in
South Africa.

Afropttlum nymphs are distinguished by the presence of a tuft of robust,
stiff, simple setae apically on the lingua of the hypopharynx (Fig. 2.40A),
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and small terminal segments of the labial palp (Fig 2.40B). Other charac-
teristics that aid in distinguishing nymphs of Afroptilum include the two
rows of denticles on the tarsal claws (similar to Fig. 2.20B) and the some-
what dorsoventrally-flattened abdomen. The medial caudal filament is well
developed, but may be shorter than the cerci. The body lengths of nvmphs
are about 6.0-8.5 mm, and the cerci lengths 4.0-6.0 mm. The common Afn-

can species A. swdafricamum is distinguished by having only six pairs of

gills, stout setae on fore-femora lying in a cross-cross pattern, and minute
terminal segment of labial palp. Nymphs of Afroprilum are found under
small- to medium-sized stones in slow- and fast-flowing streams at a wide
range of elevations.

{ \l','lh' references
Bamard (1932); Lugo-Ortiz & McCafferty (1998a).

Baetis Leach, 1815
(Figs. 2.48A-D)

Systematics of the genus Baeris is highly problematic and has under-
gone considerable worldwide revision. In the Afrotropics, several species
originally described under Baeris have been transferred to Psendocloeon
whereas others still assigned to Baetis have a dubious taxonomic status
because they are known only from subimagos or adults and cannot be ade-
quately identified. In any case, the genus is widespread on the African con-
tinent, but has not been reported from Madagascar. There are currently ten
species assigned to this genus, three of which occur in South Africa.

Baetis nymphs are distinguished by the following combination of char-
acteristics: labial glossae subequal or shorter than paraglossae, palp seg-
ment 3 broadly rounded (Fig. 2.48B). absence of a tuft of setac on the
mandibles between the prostheca and molar region; presence of the vil-
lopore (Fig. 2.20F); terga with posterior marginal spines (Fig. 2.48D). The
medial caudal filament s well developed, but may be shorter than the
cerci. The most common species in southern Afnica is Baetis harrisoni,
mature nymphs of which measure about 6.0 mm, with cerci between
25 mm and 3.0 mm. Nymphs of Baetis are found in riffle areas under
small- to medium-sized stones at a wide range of elevations.

Useful references
Bamard (1932); Soldan (1977)
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Barnumus McCaflerty & Lugo-Ortiz, 1998
(Figs 2.23A-D)

The genus Barnumus is known from only one species, B. editus, from
South Africa (KwaZulu-Natal and Mpumalanga provinces). Apart from
having an undeveloped medial caudal filament, nymphs of Barmumus spp.
can be identified by their relatively large size and robust body, the pres-
ence of two rows of denticles on the tarsal claws (similar to Fig. 2.20B),
and the untracheated gills (Fig. 2.23D). Nymphs are large, measuring
between 9.5-13.0 mm. They are found under, and on top of, stones in fast-
flowing streams at high elevations.

Useful references
Lugo-Ortiz & McCafferty (1998a).

Bugiiliesia Lugo-Ontiz & McCafferty, 1996
(Figs 2.54A-D)

Bugilliesia is a widespread genus in the Afrotropics, represented by
five species, but has not been reported from southern Africa or Madagas-
car. Its nymphs are distinguished by having labial palp segment 2 with a
variously-developed distomedial process and segment 3 partly fused and
broadly rounded (Fig. 2.54C), and the maxillary palp has an abrupt con-
striction in the apical upper quarter of the terminal segment (Fig 2.54D).
The medial caudal filament is well developed. Nymphs measure up to
about 5.5 mm and are found in slow- and fast-flowing streams at low and
high elevations.

Useful references
Gillies (1990a); Lugo-Ortiz & McCafferty (1996¢).

Centroptiloides Lestage, 1918
(Figs 2.35A-F)

The genus Centropeiloides is known from only one species, C bifasciata,
that has a widespread distribution in the Afrotropics. The genus has not
been reported from Madagascar. Nymphs of Centroptiloides are distin-
guished by having a labrum with a broad, deep, U-shaped anteromedial
emargination (Fig. 2.35A) and two-segmented labial palps (Fig. 2.35B). Other
important distinguishing characteristics include their relatively large size
(body up to 14.0 mm; cerci 10.5 mm; medial caudal filament 4.5 mm) and
robust bedy, the presence of two rows of denticles on the tarsal claws (Fig.
2.35E), and well-tracheated gills that often have basal folds (Fig. 2.35F).
The medial caudal filament, although shorter than the cerci, is well
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developed in mature nymphs, but greatly reduced in immature nymphs
I'he nymphs are predatory and generally found on top of rocks in fast-
flowing waters at a wide range of elevations

Useful references
Agnew (1962a), Crass (1947); Lugo-Ortiz & McCafterty (1998a)

Cheleocloeon Wuillot & Gillies, 1993
(Figs. 2.38A-E)

I'he genus Cheleocloeon has a widespread distrnibution in the Afrotrop-
ics, including Madagascar, with a total of eight species known, two of
which occur in South Africa. Its nymphs are distinguished by having a labial
palp segment 2 with an anteriorly-convex medial process that is distally
poimnted (Fig. 2.38D). Denticulation of tarsal claws varies considerably be-
tween species, some having edentate claws (Fig, 2.38A), one species with
a poorly-developed row of denticles (Fig. 2.38B), and other species with
two rows of minute denticles (Fig. 2.38C). Dorsal abdominal tubercles are
cither present or absent. The medial caudal filament is well developed.
Mature nymphs measure about 6.0-7.0 mm in length, with a cerci length of
about 3.0 mm. Nymphs of Cheleocloeon are found in riffles and stony backwa-
ters

Useful references
Lugo-Ortiz & McCafferty (1997a, 1997g), Wuillot & Gillies (1993a)

Cloeodes Traver, 1938
(Figs 2.52A-E)

The genus Cloeodes is pantropical. In the Afrotropics it has been
reported from southern Africa and Madagascar only, but is probably more
widespread on the African continent. Five species have been described,
only one from South Africa. Its nymphs are distinguished by the following
combination of charactenstics: the presence of a subproximal arc of setae
on the tibiae and tarsi (Fig 2.52A); sublateral tufis of long, fine, simple
setac on abdominal sterma 2-6 (Fig. 2.52B);. and edentate tarsal claws, with
minute stniations subapically (Fig. 2.52A). The medial caudal filament is
well developed. Nymphs measure up to about 3.5-6.0 mm, with the cerci

about 2.0-3.0 mm. Nymphs of Cloeodes are found in a wide range of

flowing-water habitats and elevations.

Although treated as separate genera in this chapter (since this is the state
of the current literature), evidence suggests that Cloeodes and Maliqua are
synonyms (J-L. Gattolliat, pers. comm., Museum of Zoology, Lausanne,
Switzerland). Further work is required to clanfy this.
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Useful references
Gattolliat (2001a); Lugo-Ortiz et al. (1999a), Waltz & McCafferty
(1994).

Cloeon Leach, 1815 and Procloeon Bengtsson, 1915
(Figs 2.27A-H)

The genera Cloeon and Procloeon are found on all continents except
South America. The systematics is in a state of flux, and it is possible that
Procloeon is equivalent to Cloeon. On the African continent, reports of
Procloeon are particularly troublesome because none of the species are
known from the nymphal stage. In any case, nymphs of species currently
assigned to Cloeon and Procloeon are extremely difficult to separate, and
consequently in the key provided here we treat both genera together. There
are 22 Afrotropical species of Cloeon in the literature (nine in South
Africa), and three species of Procloeon (one in South Africa)

Clocon and Procloeon nymphs are distinguished by the following com-
bination of characteristics: gills 1-5 or 2-6 are double (Figs. 2.27AB.C,
D). the tarsal claws are less than one-half the length of the tarsi, with small
denticles in the basal one-third of the claw (Fig. 2.27E). the labium has
subequal glossae and paraglossae, with palp segment 3 being broad and
truncate (Fig. 2.27F) or narrow and apically tapering (Fig. 2.27G). Mature
nymphs range in size from about 5.0-8.0 mm in length, and cerci up to
about 2.5-6.0 mm, according to species. Nymphs of both genera are pri-
marily found in temporary waterbodies and among vegetation in ponds,
dams, stream-pools and slow-flowing streams.

Useful references
Bamard (1932); Crass (1947); Gattolhat (In Press a); Gillies (19804,
1985); Lugo-Ortiz & McCafTerty (1998¢).

Crassabwa Lugo-Ortiz & McCafferty, 1996
(Figs 2.49A-D)

I'he genus Crassabwa is widely distributed in the Afrotropics, repre-
sented by four species (one in South Africa), but has not been reported
from Madagascar. lts nymphs are distinguished by the following combina-
tion of characteristics: a labial palp with a thumb-like distomedial process
on segment 2 (Fig. 2.49B), the presence of a subproximal arc of setae on
the tibiae (Fig. 2.49A), and an enlarged subapical pair of denticles on the
tarsal claws (Fig. 2.49A). The medial caudal filament is well developed.
Mature nymphs of C. flava measure 7.5-8.5 mm, with cerci 2.7-3.0 mm
(Lugo-Ortiz & McCafferty 1996a). Nymphs of Crassabwa are found in
medium-sized streams in shallow riffles at low to moderate elevations.
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Useful references
Lugo-Ortiz & McCafferty (1996a)

Dabulamanzia Lugo-Ortiz & McCafferty, 1996
(Figs 2.50A-D)

I'he genus Dabulamanzia is widespread in the Afrotropics, including
Madagascar, with 11 species known in total, four occurring in South

Africa. The nymphs are distinguished by the following combination of

characteristics: an apically-rounded maxillary palp segment 2 (Fig. 2.50C),
the presence of a subproximal arc of setae on the tibiae (Fig. 2.50A), and
tarsal claws with one row of denticles (Fig. 2.50A). The medial caudal fila-
ment is well developed. Body lengths vary from 4.8-7.2 mm and cerci
lengths from 2.5-3.5 mm (with the exception of the larger nymphs of
D. gigantea). Nymphs of Dabulamanzia spp. are found in riffle arcas in
streams at a range of altitudes, and could casily be confused with those of
Nesydemius spp

Useful references

Crass (1947); Gattiollat, et al. (1999); Ganolliat & Sartori (2000a);
Gillies (1990a); Lugo-Ortiz & McCafferty (1996b, 1997g), Wuillot &
Crillies (1993b)

Delouardus Lugo-Ortiz and McCafferty, 1999
(Figs 2.30A-D)

This genus, known only from Madagascar where it is represented by
two species, is distinguished by having the second segment of the labial
palp deeply falcate (Fig. 2.30A), weakly-pectinate setae on the legs, and
elongate, weakly-hooked claws with two rows of small, evenly sized denti-
cles (Fig. 2.30B). D. djabala nymphs measure 3.7 mm, with cerci 2.1 mm
(Lugo-Ortiz and McCafferty 1999). Members of this genus tend to be
found in slow-flowing water, in streams without aquatic vegetation that are
3-8m wide, 10-80 ¢m deep, and have sandy substrates (J-L. Gattolliat,

pers. comm. ).

Useful references
Lugo-Ortiz and McCafterty (1999)

Demoreptus Lugo-Ortiz & McCafferty, 1997
(Figs 2.20A-F)

[he genus Demoreptus s known only from southern Africa, where
there are three species. Its nymphs are distinguished by the following com-
bination of characteristics: relatively narrow-elongate body; mandibles
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without tufts of setac between the prostheca and molar region; labial palp
segment 3 narrowly rounded (Fig. 2.20E) or clublike (Fig. 2.58D); elongate
and outstretched legs (Fig. 2.20A); the presence of a villopore (Fig. 2.20F),
claws with two rows of denticles and a pair of subapical setae (Fig. 2.20B),
and an undeveloped medial caudal filament. Body sizes of nymphs vary in dif-
ferent species, as illustrated by the following measurements: D. natalensis
(body length about 5.0 mm; cerci length about 5.0 mm); D. capensis (body
length about 7.0 mm; cerci length about 4.0 mm), and D. monticola (body
length about 7.0 mm; cerci length about 6.0 mm). Nymphs are found in
fast-flowing mountain streams.

Useful references
Lugo-Ortiz & McCafferty (1997b).

Demoulinia Gillies, 1990
(Figs 2.53A-D)

The genus Demoulinia is known from southern Africa (one species)
and Madagascar (two species). Its nymphs are distinguished by having a
labial palp segment 2 with a subrectangular medial process that is broadly
rounded apically (Fig. 2.53C) and slender tapering tarsal claws that are
approximately two-thirds the length of the respective tarsi (Fig. 2.53A).
The medial caudal filament is well developed. Mature nymphs measure up
to 8.0 mm with cerci 4.0 mm. Nymphs of Demoulinia are psammophilous
(associated with sandy substrates), but are found in a wide variety of flow
regimes in lowland streams

Useful references
Gattolliat (2003 ), Gillies (1990a), Lugo-Ortiz & McCaflerty (1998¢)

Dicentropiilum Wuillot & Gillies, 1994
(Figs 2.29A-H)

The genus Dicentropeilum is widely distributed in the Afrotropics, includ-
ing Madagascar, where it is represented by four species, with one species in
South Africa. The nymphs are distinguished by the following charactenistics:
relatively large size (up to about 8.5 mm, with cerci 6.0 mm, up to nearly 10.0
mm) and robust body, the pair of ventral papillac on the pro-coxac (Fig
2.29A), the presence of a dorsal row of long, fine, simple setae on the tiblae
and tarsi (Fig. 2.29D), two rows of denticles on the tarsal claws (Fig. 2.29D),
and the off-set terminal segment of the labial palp (Fig. 2.29B). Dorsal abdomi-
nal tubercles (as in Fig. 2.29F) are either present or absent. The medial cau-
dal filament s well developed. Nymphs of Dicentroptilum are found in
fast-flowing streams at high and low elevations.
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Useful references
Lugo-Ortiz & McCafferty (1998a, 2001). Wuillot & Gillies (1994)

Echinopus Gattolliat (2002b)
(Figs 2.39A-F)

Echinopus is only known from Madagascar, represented by two species
Ihe nymphs are distinguished by a relatively narrow labrum (Fig. 2.39C); the
labium (Fig. 2.39D) has slender glossae slightly shorter than the apically-
rounded paraglossae; the labial palp is three segmented, segment 3 being
conical and longer than broad. the outer margin of the forefemur (Fig.
2.39A) has an apico-tranverse arc of three or four long setae; the villopore
is absent; the tarsal claws (Figs. 2.39A) have two rows of teeth-—the sec-
ond row being reduced in number—and two small subapical setae; the
asymmetrical gills (Fig. 2.39E ) on segments | to 7 have serrated margins
I'he medial caudal filament is slightly shorter than the cerci, and has abun-
dant setae on both margins and the cerci each have abundant setae on the
inside margin. Nymphs are small: £ gibom measures 4.1 mm with cerci 1.8

.

mm (Gattolliat 2002b), while £ minutus measures 3.0 mm with cerci 2.3
mm (Gattolhat 2002b)

Useful references
Gattolhiat (2002b)

Edmulmeatus Lugo-Ortiz & McCafferty, 1997
(Figs 2.32A-E)

Ihe genus Edmulmectus is known from only one species, £ grandis,
which is endemic to Madagascar. Nymphs of the genus are distinguished
by the relatively large size (middle instar nymphs with lengths of 7.3-7.5
mm and cerci of 4.9-5.1 mm) and robust body, enlarged hemispherical
head (Fig. 2.32A), and massive mandibles with incisors and molars form-
ing a senies of large denticles (Fig. 2.32D). The medial caudal filament is
well-developed. Details of the habitat requirements of the nymphs of
Edmulmeatus remain unknown

Useful references
Lugo-Ortiz & McCafTerty (1997¢).
Glossidion Lugo-Ortiz & McCafferty, 1998
(Figs 2.43A-D)

Ihe genus Glossidion 1s known only from Uganda, where it is repre-
sented by two species, but it is probably more widespread in the Afrotropics
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In mature nymphs the body length ranges from 7.0 mm-8.3 mm. Nyvmphs of
the genus are distinguished by the following combination of characteristics:
glossae significantly shorter than paraglossae (shorter in (. demowdini than in
G. mysticum) (Fig. 2.43B), presence of the villopore (similar 10 Fig. 2.20F),
and the absence of postenor tergal spines. Nyvmphs are found in fast-flowing
streams at high elevations,

Useful references
Lugo-Ortiz & McCafferty (1998b).

Guloptiloides Gattolliat & Sartori, 2000
(Figs 2.34A-G)

The genus Guiopiiloides 1s known from only one species, (7. garganiua,
which is endemic to Madagascar. Its nymphs are distinguished by the fol-
lowing combination of characteristics: a large size—body length 12.0 mm,
cerci 5.2 mm (Gattolliat & Sartori 2000)—and robust body. an apically
serrate antennal flagellum (Fig. 2.34E); a labrum that is wider than long,
with an anteromedial lobe (Fig. 2.34A), and tarsal claws with two rows of
denticles (Fig. 2.24G). The medial caudal filament is well developed
Nymphs of Guloptiloides are predatory, and found in fast- to moderately-
flowing streams at medium elevations.

Useful references
Gartolhat & Sartor: (2000b).

Herbrossus McCafferty & Lugo-Ortiz, 1998
(Figs 2.36A-H)

The genus Herbrossus is endemic 1o Madagascar, where three species
are known. Its nymphs are distinguished by the following combination of
characteristics: a relatively large size (body length 8.5-10.0 mm, cerci
9.0-10.5 mm—Lugo-Ortiz & McCafferty 1998a) and robust body. a con-
spicuously wider-than-long labrum that has a relatively narrow, deep,
U-shaped anteromedial emargination (Fig. 2.36A), well-tracheated asym-
metrical gills (Fig. 2.36C.D) and a small third segment on the labal palp
(Fig. 2.36 B). There are two rows of denticles on the tarsal claws (Fig. 2.36H).
The medial caudal filament is well developed. Nymphs of Herbrossus are
found at shallow depths in medium-sized streams at moderate elevations.

Useful references
Gattolliat & Sartori (1998): Lugo-Ortiz & McCafferty (1998a).
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Kivua McCafferty & Lugo-Ortiz, 1996

Only described as adults, from the Ivory Coast and Congo, where two
species are known

Useful references
Lugo-Ortiz & McCafferty (1996¢)

Labiobaetis Novikova & Kluge 1987
(Figs 2 45A-G)

This genus was originally erected as a sub-genus to incorporate several
species placed in Baetis, but was then raised to generic level by McCaf-
ferty & Waltz (1995). Lugo-Ortiz & McCafferty (1997d) described sev-
eral more species in Lahiobaetis, but then Lugo-Ortiz et al. ( 1999b) trans-
ferred all Labiobaetis species 10 Pseudocloeon. Gattolhat (2001¢) refutes
this, but has not reassigned all Pseudocloeon species back to Labiobaetis.
Hence the genus is in a state of flux that cannot be clarified until the nym-
phal stage of the type species of Psewdoclocon (P. kraepelini) is known. (See
the description of diagnostic generic features below under Psewdocloeon)

{ u'ml references
Gattolhat (2001¢); Lugo-Ortiz & McCafferty (1997d): Lugo-Ortiz et al
(1999b); McCafferty & Waltz (1995).

Maliqua Lugo-Oriz & McCafleny, 1997
(Figs 2.52A-E)

Ihe genus Maliqua 1s known from two species: M plumaosa from Mali
and Guinea and M. abdallahi from Lake Malawi. Its nymphs are distin-
guished by the following combination of characteristics: edentate claws
(Fig. 2.52A) the presence of a subproximal arc of setae on the tibiac and
tarsi (Fig. 2.52A) (J-L. Gattolliat, pers. comm; McCafferty 2000); labial
palp segments 2 and 3 that are subequal in length, with segment 3 being
somewhat eclongate and apically rounded (Fig. 2.52D), and a well-
developed medial caudal filament. Nymphs of Maligua from West Africa
were collected from rivers, whike those from Malawi were from the littoral
zone in the lake, where they were exposed to wave action. Nvmphs measure
from about 3.5-6.0 mm in length, with the cerci being about 2.0-3.0 mm

Although treated as separate genera in this chapter (since this is the
state of the current literature), evidence suggests that Cloeodes and Maligua
are synonyms (J-L. Gauolhat, pers. comm.). Further work is required to
clarify this
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Useful references
Lugo-Ortiz & McCafferty (1997¢); McCafferty (2000). Wuillot &
Gillies (1993b).

Micksiops McCafferty, Lugo-Ontiz & Barber-James, 1997
(Figs 2.21A-C)

The genus Micksiops is known only from one species—M bicaudanen
from Guinca—but is possibly more widespread in the Afrotropics. Its
nymphs are distinguished by the following combination of characteristics:
medial caudal filament reduced; the right mandible has a small twft of setae
between the prostheca and the molar (Fig. 2.21B), segment 3 of the labial
palp is broadly rounded and somewhat medially produced (Fig. 2.21C); the
villopore is absent, and the medial caudal filament is undeveloped. Body
length of the nymph is 4.5 mm. Details of the habitat requirements of the
nymphs are unknown.

Useful references
McCafferty et al. (1997).

Mutelocloeon Gillies & Elouard, 1990
(Figs 2.51A-C)

The genus Mutelocioeon is widespread in the Afrotropics, represented
by two African species, and adults of a third species have been reported
from Madagascar, but since freshwater mussels do not occur in Madagas-
car (Gattolliat pers. comm), this is unlikely. The nymphs are unique among
small minnow mayflies in that they are found in symbiosis with mutelid
mussels, attached to the folds of the branchiae within the mantle cavity.
They are distinguished by having two-segmented labial palps, with seg-
ment 2 being apically bulbous (Fig. 2.51C), short maxillary palps (Fig
2.51B) and edentate tarsal claws (Fig. 2.51A). The medial caudal filament
is equal in length to the cerci, and varies from one sixth to one third of the
length of the body (Gillies & Elouard 1990). While the body length of the
nymph has not been reported, the adult male measures 10.0 mm, and the
female 12.0 mm (Gillies & Elouard 1990).

Useful references
Gillies & Elovard (1990); Kimmins (1956); Lugo-Ortiz & McCafferty (1997g).
Nesoptiloides Demoulin, 1973
(Figs 2.33A-D)

The genus Nesopviloides s known from only one species: N. electroptera,
endemic to Madagascar. Its nymphs are distinguished by the following
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combination of characters: robust body and relatively large size (about
7.0 mm); forelegs with femora with broadly-based ventral humps (Fig
2.33A), tibiae with ventrodistal processes (Fig. 2.33A), and tarsal claws
with two rows of denticles (Fig. 2.33A). The glossae and paraglossac on
the labium are divergent (Fig. 2.33C): the labrum is covered with setae; the
asymmetrical gills are well tracheated (Fig. 2.33D), and the medial caudal
filament is well developed. Nymphs of Nesopriloides are found in riffles of
fast-flowing streams at moderate clevations.

Useful references
Demoulin (1973); Gattolliat & Sartori (1999b); Lugo-Ortiz & McCaf-
ferty (1998a)

Nesydemius Lugo-Ortiz & McCafferty, 1998
(Figs 250E & F)

This genus is known only from one species in Madagascar. [ts nymphs
are distinguished by the following combination of characteristics: maxil-
lary palp segment 2 with a papillaform apex (Fig. 2.50F); the presence of a
subproximal arc of setae on the tibiae (similar to Fig. 2.50A), and tarsal
claws with one row of denticles, two enlarged subapically (Fig. 2.50E).
The medial caudal filament is well developed. The body length of nymphs
varies from 5.0-7.0 mm and the cerci from 2.5-3.5 mm. Details of the
habitat requirements of nymphs have not vet been described. Nyvmphs of
this genus can casily be confused with those of Dabulamanzia

Useful references
Lugo-Ortiz & McCafferty (1998d)

Nigrobaetis Novikova & Kluge, 1987
(Figs 2.46A-D)

This genus has a widespread distribution in the Palaearctic. In Africa
members of the genus are widely separated, being known only from North
Africa (Soldan 1977, Soldan & Thomas 1983) and Namib:a (Lugo-Ortiz &
de Moor 2000). Its nymphs are distinguished by the following combination
of characteristics: the presence of a frontal carina (Fig. 2.46A). three-
segmented labial palps, with segment 3 bluntly pointed apicolaterally (Fig
2.46B); maxillary palps without a distomedial constriction on segment 2
(Fig. 2.46C), and the absence of the villopore. The medial caudal
filament is well developed. Nymphs of N. bethunae measure 3.6-3.8 mm
in length, with caudal filaments 1.9-2.0 mm (Lugo-Ortiz & de Moor
2000). Nymphs of Nigrobaetis are found in riffles of medium-size, fast-
flowing streams.
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Useful references
Lugo-Ortiz & de Moor (2000); Soldin (1977); Soldin & Thomas
(1983)

Ophelmatostoma Waltz & McCafferty, 1987
(Figs 241A-C)

The genus Ophelmatostoma is widespread in the Afrotropics, repre-
sented by only one species, but has not been reported from Madagascar. Its
nymphs have the following distinguishing characteristics: labium with
glossae and paraglossae that are divergent, greatly elongate and slender
with a terminal fringe of long, fine, simple setae, two-segmented labial
palps, with segment | being abruptly angled towards the interior, and seg-
ment 2 being apically bulbous (Fig. 2.41A); the maxilla has a very slender,
two-segmented palp (Fig. 2.41C); the tarsal claws have four to six large
denticles basally (Fig. 2.41B), and the medial caudal filament is well
developed and slightly shorter than the cerci. Nymphs measure about
4.0 mm, with cerci of about 1.5 mm. Nymphs of Ophelmatostoma are
mostly found among vegetation in moderate-flowing, lowland streams.

Useful references
Gillies et al. (1990); Kimmins (1955); Waltz & McCafferty (1987).

Peuhlella Lugo-Ontiz & McCafferty, 1998
(Figs 2.31A-D)

This genus is known only from one species (P. christinae from
Guinea), but it is possible that the genus is more widespread. Its nymphs
are distinguished by the enlarged abdominal segment 1 (Fig. 2.31A) and
the presence of two rows of denticles on the tarsal claws (Fig. 231D). The
labium (Fig. 2.31C) has narrow glossae, and small terminal segments on
the palps. The medial caudal filament is well developed. Nymphs measure
about 4.0 mm; cerci length not known. Details of the habitat requirements
of the nymphs of Pewhlelia remain unknown.

Useful references
Lugo-Ortiz & McCafferty (1998a). Wuillot & Gillies (1993b).
Potamocioeon Gillies, 1990
(Figs 2.28A—F)

The genus Potamocloeon is widespread in the Afrotropics, with one
species known from Africa north of the equator. A second species has been
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described from north-castern South Africa. The nymph of a species from
Madagascar has been described but not named. Adult male specimens have
also been descnbed, but as they have not yet been associated with the nymph,
these have not vet been named either (Gattolliat 2003). Poramocloeon
nymphs are distinguished by having elongate and edentate tarsal claws
(Fig. 2.28D), a labium with glossae considerably shorter than paraglossae
and labial palp segment 2 that is broadly wedge-shaped (Fig. 2.28E). Mature
nymphs have a body length of about 5.5 mm and a cerci length of about
|.8 mm. Nymphs of Potamocloeon are found on silt/clay substrates in slow
currents and shallow waters

Useful references
Gantollsat (2003); Gillies (1988 & 1990b); Lugo-Ortiz & McCafferty (199%c).

Pseudocloeon Klapalek, 1905
(Figs 2.45A—G)

The taxonomy of this genus has a history of worldwide confusion. In
the Afrotropics, several species assigned to Baeris and all species assigned
10 Labiobaetis were reassigned 10 Pseudocloeon (Lugo-Ontiz et al. 1999b)
The genus is found on all continents except South America, and is wide-
spread in the Afrotropics, including Madagascar.

In the Afrotropics, nymphs of Psewdocloeon are distinguished by the
following combination of characteristics: a labial palp segment 2 with a
variously developed, thumb-like distomedial process (Fig. 2.45A) and a

~

maxillary palp segment 2 with a distomedial concavity (Fig. 2.458) or

constriction (Fig. 2.45C). Other characteristics associated with nymphs of

Psendocloeon elsewhere may be present or absent in Afrotropical species
Ihese include the presence of the villopore (Fig. 2.45G) and a distolateral
modification of the antennal scapes (Figs 2.45D, E, F). The medial caudal
filament is well developed. Nymphs of Psemdocioeon are found under
stones and among vegetation in a wide range of flowing water regimes and
clevations,

More recent work (Gattolliat 2001¢) refutes the validity of placing so
many species in the all-encompassing Psewdocloeon, and recognizes the
genus Labiobaens, describing six new species from Madagascar (see dis-
cussion under Labiobaetis above). As the literature stands, there are 15
Afrotropical species of Pseudocloeon, with eight in South Africa

Useful references
Gattiollat (2001¢); Lugo-Omiz & McCafferty (1997d). Lugo-Ortiz, et
al. (1999b); Lugo-Ortiz et al. (1999b)
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Pseudopannota Waltz & McCafferty, 1987
(Figs 2.44A—F)

This genus Psewdopannota is widespread in the Afrotropics. including
Madagascar. It is represented by eight species, one of which occurs in
South Africa. Its nymphs are distinguished by the following combination
of characteristics: two-segmented labial palps, with segment 2 being api-
cally expanded or bulbous (Fig. 2.44B). three-segmented maxillary palps
that extend well beyond the galea-laciniae (Fig. 2.44A), and forewing pads
that are generally fused for more than one half of their length. There are two
subgenera, based on how far this fusion extends: subgenus P. Psewdopannota
has a thorax with forewing pads that are fused for more than half their
length (Fig. 2.44D), while subgenus P. Hemipannota has forewing pads
fused for less than half their length (Fig. 2.44E). Nymphs of Psendopan-
nota measure up to 6.5 mm, with cerci up to 4.0 mm. The medial caudal
filament is well developed, but shorter (about 2.0 mm) than the cerci
Nymphs of Pseudopannota are found under stones and among vegetation
in moderately-flowing streams at high and low elevations.

Useful references
Elouard et al. (1990); Elouard & Hideux (1991a); Gattolhat, (2002¢);
Waltz & McCafferty (1987).

Rhithrocloeon Gillies, 1985
(Figs 2.47A-D)

This genus Rhithrocloeon is known only from castern and central
Africa, where two species are known, but it probably extends to southemn
Africa. Its nymphs are distinguished by having gills on abdominal seg-
ments 2-7 (Fig. 2.47C) and labial palps with segment 2 basally narrow,
distomedially broadly rounded, and produced, and with segment 3 nipple-
like and partially fused to segment 2 (Fig. 2.47A). The median caudal fila-
ment is well developed, about half to two-thirds the length of the cerci.
Mature nymphs are about 6.0-7.0 mm long (basing this on adult measure-
ments). Nymphs of Rhithrocloeon are found under medium- to small-size
stones in fast- and moderate-flowing streams.

Useful references

Gillies (1985, 1988): Lugo-Ortiz & McCaffety (1996¢).
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Rheoprilum Gatolliat, 2001
(Figs 2.25A-C)

I'he genus Rheoptilum is known only from two species in Madagascar
These have the following distinguishing characteristics: dense rows of long
setae on the dorsal margins of the femora, tibiae and tarsi (Fig. 2.25A & G);
tarsal claws with two rows of denticles and a pair of subdapical sctae
(Fig. 2.25G). very long cerci—approximately twice the length of the
body— with the medial caudal filament reduced to a point (Fig. 2.25A);
untracheated gills (Fig. 2.25B), and both mandibles with well-developed
tufts of setae between the molar and the incisor regions. The maxillary
palp has a small third segment (Fig. 2.24C). The labrum (Fig. 2.25D) is
wide and densely setose submarginally, while the distal margin 1s only
very shallowly notched. Nymphs of one species measure 6.4 mm with cerci
of 12.2 mm; the second species measures 4.0 mm with cerci of 9.5 mm. The
nymphs are found in fast-flowing, shallow streams, usually in arcas of primary
forest.

Useful references

Gattolliat (2001b)

Scutoptilum Gattolliat, 2002b
«  (Figs 2.22A-D)

The genus Scutoptilum is known from Madagascar only, represented by
one species. The nymph is distinguished by the following combination of
characteristics: it is easily recognized by having a prothorax that is broadly
expanded laterally (Fig. 2.22A), and a head that is subrectangular, with
prominent eyes. The pro- and mesothorax are covered with small black
warts (Fig. 2.22A), as are the abdominal terga, but not the sterna. The fore-
wing pads are well developed, and hindwing pads are present. The labrum
(Fig. 2.22D) is broad, with an almost-straight distal margin, and an arc of
abundant long stout setac lying subparallel to the distal margin. There is a
tuft of setae between the prostheca and molar region of both mandibles.
The maxillary palp is two-segmented and subequal in length to the galea-
lacinia. The labium (Fig. 2.22C) has glossae that are slightly shorter than
the paraglossae, a three-segmented palp with the second segment being
slightly produced apicomedially, and segment 3 being short and subconi-
cal. The forelegs (Fig. 2.22B) are short and stout and charactenized by the pres-
ence of subapico-transverse arcs of long spatulate setae on the outer margins
of the femora, the absence of a villopore, a dorsal margin with a row of
stout setae, tibiae and tarsi that lack long sctac on the dorsal margin, and the
presence of two rows of denticles on the tarsal claws, the second row being
reduced, two subapical setae present. The gills are asymmetrical (Fig. 2.22A)
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on segments |=7, have tracheation that is extremely reduced or not visible,
and margins that are smooth. The medial caudal filament is reduced to a
single segment, the cerci have swimming setac on the last third of the
inside margin. Mature nymphs measure 4.0 mm, with cerci 1.9 mm.

Scutoptilum is found in fast-flowing waters. It mouthparts are modified
for scraping the tops of the stones.

Useful references
Gattolliat (2002b).

Susua Lugo-Ortiz & McCafferty, 1998
(Figs 2.37A~F)

The genus Susua is known only from one species (S miandanensis,
from Guinea), but the genus may be more widespread in the Afrotropics.
The nymphs are distinguished by having the subapical denticles of the two
rows of denticles of the tarsal claws conspicuously larger than the rest of
the denticles (Fig. 2.37B) and gill 1 being narrow-elongate and poorly tra-
cheated (Fig. 2.37C). The second segment of the labial palp has a small,
upwardly- pointing, thumb-like distomedial projection (Fig. 2.37A). The
medial caudal filament is well developed. Nymphs measure about 4 0 mm;
the length of cerci is unknown, Details of the habitat requirements of the
nymphs of Susua are unknown.

Useful references
Gillies (1985, 1988); Lugo-Ortiz & McCaffety (1998a).

Tanzaniella Gillies, 1991
(Figs 2.19A—E)

The genus Tanzaniella is known from only one species (7. spinosa,
from Tanzania). Its nymphs are distinguished by the following combina-
tion of characters: a relatively narrow-clongate body; the presence of small
dorsal abdominal tubercles on terga 1—7 or 1-8 (Fig. 2.19A); a labial palp
with segments 2 and 3 appearing fused, and with segment 3 broadly
rounded (Fig. 2.19D); outstretched legs, and the presence of a villopore
(similar to Fig. 2.20F). The medial caudal filament is undeveloped. Mature
nymphs measure about 5.0 mm, and the cerci are approximately as long as
the body. Nymphs of Tanzamiella are found under stones in fast-flowing
mountain streams.

Useful references
Gillies (1991a).
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Thrauiobaetodes Elovard & Hideux, 1991
(Figs 2.18A=D)

The genus Thradobaetodes 1s known from only one species: 7. cumminsorum
from Guinea. The nymphs are distinguished by the ventrally-oriented,
fringed gills on abdominal segments 2-7 (Figs. 2.18A B), the presence of
dorsal abdominal tubercles (Fig. 2.18A), and two rows of deaticles on the
tarsal claws. The maxilla (Fig. 2.18C) has a small downwardly-orientated
palp with the third segment minute, and the labium (Fig. 2.18D) has the
glossae fused in their basal half. The medial caudal filament is undevel-
oped. Nymphs of Thraulobaetodes are found crawling under stones in fast-
flowing mountain streams

Useful references
Elovard & Hideux (1991b).

Xyrodromeus 1.ugo-Ortiz & McCatferty, 1997
(Figs 2.42A—F)

This genus has been reported from Kenya and Uganda, where it is rep-
resented by one species, and Madagascar, where four species are known. It
is possible that on the African continent the genus extends farther south. lts
nymphs are distinguished by the following combination of characteristics:
mandibles with bladelike incisors (Fig. 2.42B); labium with glossae sub-
equal to, but narrower than, three-segmented labial palps, with segment 2
basally narrow and distomedially expanded, and segment 3 small and cap-
like (Fig. 2.42C); three-segmented maxillary palps, with no distomedial con-
striction on segment 3 (Fig. 2.42D), and the absence of a villopore. The
medial caudal filament is well developed. Nymphs vary in size from about
5.0-7.0 mm, with cerci of about 6.0 mm. Details of the habitat require-
ments of the nymphs of Xyrodromeus remain unknown.

Useful references
Gattolhiat (2002a); Lugo-Ortiz & McCafferty (19971).

HEPTAGENIIDAE

The family Heptageniidae, or flat-headed mayflies, is known from all
continents except Australia and South America. In the Afrotropics three
genera are currently recognized, with Afronuwrus and Compsoneuria having
a widespread distribution. Thalerosphyrus is found in the extreme north of
the region, and has also recorded from Madagascar. As the literature stands
at present, the genus Compsomewriella has been put into synonymy with
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Compsonewria (Braasch & Soldan 1986), although there are conflicting
opinions about the validity of this, and some papers refer, instead, to the
genus Compsonenriella. There is difficulty in distinguishing the Afrotropi-
cal species described as Compsoneuria and Thalerosphyrus, indicating
problems with the assignment of species to these genera.

Heptageniid nymphs are distinguished by having a prognathous head
capsule that is more or less circular and, from the dorsal view, covers the
mouthparts (Fig. 2.11A), and gills 2-5 consisting of plate-like dorsal lamellae
and fibnlliform ventral portions (e.g. Figs 2.55A-C & E-G; Figs 2.57A-C)
In addition, the body is dorsoventrally flattened, and the legs are out-
stretched to the sides (Fig. 2.11A). Heptageniid nymphs are found at a
wide range of elevations in riffle areas under stones, where they feed on
periphyton.

Afronurus Lestage, 1924
(Figs 2.55A—H)

This genus is widespread in Africa and is also found in Madagascar.
There are |3 species in the Afrotropical Region, with six species in South
Africa. The nymphs are distinguished by the lack of supracoxal spurs
(cf. Fig. 2.56) and have apically-rounded (Fig. 2.55A,B,D), or weakly-pointed
to pointed gills (Figs. 2.55C, E-H). Afronurus nymphs are relatively large,
the females being generally larger than the males (with body lengths being,
respectively, up to about 11.0 mm and 10.0 mm). Nymphs of Afromeus are
found under stones in riffle arcas.

Useful references
Sartori & Elouard (1996); Schoonbee ( 1968).

Compsoneuria Ulmer, 1939
(Fig. 2.57A-D)

This genus is widespread in the Afrotropics. Its nymphs are distin-
guished by the presence of well-developed supracoxal spurs (Fig. 2.56)
and apically-pointed gills (like Figs 2.57A-D). According to current litera-
ture, there are four species of Compsonenria, with two species in South

Africa. Nymphs of Compsoneuria are found under stones in riffle arcas.

Useful references
Crass (1947); Sartori & Elouard (1996); Schoonbee (1967).
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Thalerosphyrus Eaton, 1881
(Figs 2.57A=D)

Only one species of this genus has been described from Africa, on the
extreme northern border of the Afrotropical region, in the mist oasis of
Erkwit, Sudan (Soldan 1977). Edmunds (pers. comm. in Soldan 1977)
reports an undescribed species from Madagascar. Subsequently, Sartort &
Elouard (1996) have described a species from Madagascar. Like Comp-
soneuria, it has apically pointed gills (Figs. 2.57A-D)

Useful references
Sartori and Elouard (1996); Soldan (1977).

OLIGONEURIIDAE

Ohigoneuridae, or brush-legged mayflies, are known from all continents
except Australia. In the Afrotropics, the family is represented by two genera,
Elassonewria and Oligonewriopsis, with a distinct subgenus of Elassonewria
Madeconewria, i Madagascar. A new genus has recently  been recognized
from material collected in Tanzania (pers. obs.). The mature nymphs are
large (up to about 30.0 mm) and are distinguished by the following charac-
teristics: gill 1 is ventrally oriented and fibeilliform (Figs. 2.58B.C). the
presence of fibrilliform filaments at the base of the maxillae (Fig. 2.8F),
and forelegs with long setae that are used for filtering. Oligoneuriid nymphs
are found in fast-flowing streams at high elevations (Figs 2.8A & B).

Elassonewria Eaton, 1881
(Figs 2.58A-B)

Mhis genus is widespread in the Afrotropics, where six species are
known, including Madagascar. In Madagascar, the genus is represented by
the subgenus Madeconeuria. The nymphs of Elassomewria are distin-
guished by the presence of a distinct fromal carina on the head (Fig. 2.58A)
and slightly apically-pointed gills (Fig. 2.58B), which are slightly longer
than the length of the adjacent abdominal segment. Nymphs of Elassonewria
are found under stones in fast-flowing streams at low to high elevations.

{ \c'fld references
Demoulin (1966a); Gillies (1974).
Oligoneuriopsis Crass, 1947
(Figs 2.59A-D)

The genus Oligoneuriopsis is known only from Afnica, with one species
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from East Africa, and three from Lesotho and South Afnica. Its nymphs are
distinguished by the absence of a frontal carina (Fig. 2.59A) and the
apically-rounded gills (Fig. 2.59D), which are shorter than the length
of the adjacent abdominal segment. These nymphs measure up to about
20.0 mm body length, with a cerci length of about 8.0 mm. Nymphs of
Oligoneuriopsis are found under stones in mountain streams.

Useful references
Agnew (1973); Crass (1947)

TRICORYTHIDAE

The family Tricorythidac has recently undergone a revision
(McCafferty & Wang 2000), resulting in the separation of several families
(including the Afrotropical families Ephemerythidae and Machadorythi-
dac), that were formerly part of Tricorythidae. In addition, several new
genera have recently been described from Madagascar (Elovard & Oliari-
nony 1997; Oliarinony & Elouard 1997, Oliarinony et al. 1998a). There
are currently seven genera recognized in the Afrotropics, three of which
are endemic to Madagascar, with only two genera in South Africa. The
nymphs of Tricorythidae (as it is now defined) do not have operculate
gills. Filamentous gill 1 is absent and lamellate gills are present on
abdominal segments 2-6. The maxillae are broad with well-developed api-
cal setac. Hindwing pads are absent. Nymphs of Tricorythidae tend 1o be
found under rocks in moderate to swiftly-flowing currents, or among
plants in slower currents. The Afrotropical tricorythids generally feed by
filtering. The nymphs are not known for all genera, however, and feeding
behaviour may vary between species

Dicercomyzon Demoulin, 1954
(Figs 2.60A-E)

This genus is widespread in the Afrotropics, but has not been reported
from Madagascar. There are four species. The nymphs are distinguished
by the dorsoventrally-flattened body (Fig. 2. 60A), the enlarged and flattened
femora (Fig. 2.60A), the ventral plastron that is fringed with setae, forming
a 'sucker disc’ (Fig. 2.60B), and the marginally-fringed gills on terga 2-6
(Figs. 2.60C, D). The anterior margin of the head is fringed with sctac
(Fig. 2.60E). The nymphs measure about 5.0 mm in length. Nymphs of
Dicercomyzon are found among vegetation in slow sections of streams and
among leaf litter in mountain streams.

Useful references
Demoulin (1934, 1957 & 1964); Kimmins (1957).
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Madecassorythus Elovard & Oliannony, 1997
(Figs 2.61A-D)

There are four species of Madecassorythus, all of which occur in Mada-
gascar. The nymphs of this genus can be very easily confused with those
of Tricorythus. Like Tricorythus, the mandibles (Fig. 2.61D) are robust
and prominent, with a strong fringe of long setae along the lateral margin,
which are clearly visible in dorsal view. The labrum is quadrate, with
minimal anteromedial emargination. The labium has the same structure
scen in Tricorvthus (Fig. 2.62E) with the glossae and paraglossac fused
with the prementum, forming a single flat surface; labial palps are three
segmented with the terminal segment being very small. The three-
segmented maxillary palp extends well beyond the galea-lacinia. The mor-
phology of the adult males of the two genera is clearly different, and it is
this which forms the basis for the separation of the two genera. Nymphs
vary in size between 6.0 mm to nearly 9.0 mm, depending on the species.

Madecassorythus is localized in the eastern coastal forest zones and the
plateau region of Madagascar.

Useful references
Elovard & Olianinony (1997); Oliarinony, Sartori & Elouard (2000)
Manohyphella Allen, 1973*

Originally placed as a member of the Ephemerellidae (subfamily Telo-
ganodinae) (Allen 1973), this genus was moved to the Tricorythidae by
McCafferty & Wang (1995). Some authors (e.g. Elouard et al. 2001) still
consider it 1o belong to the Teloganodidae. Occurs in Madagascar. Appar-
ently, only the adults of this genus are known.

Useful references
Allen (1973), McCafTerty & Wang (1995, 2000).
Ranorythus Oliarinony & Elouard, 1997
Occurs in Madagascar. Only the adults of this genus are known.
Useful references
Oliarinony & Elouard (1997)
Spinirythus Oharinony & Elouard, 1998
Occurs in Madagascar. Only the adults of this genus have been described.
Useful references

Oliarinony et al. (1998a).

*At the time of poung 10 press o was noted that MoCafferty & Wang (2000) have now placed ths
genus in the Teloganodidae
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Tricorythus Eaton, 1868
(Figs 2.16F-H & 2.62A-F)

The nymphs of Tricoryvthus share many similarities with those of
Madecassorythus. The mandibles are robust and prominent, with a strong
fringe of long setac along the lateral margin (Figs. 2.62C, D), which is
clearly visible when viewing the nymph from above (Fig. 2.16F). The
labrum is quadrate, with minimal anteromedial emargination. The labium
has the glossae and paraglossae fused with the prementum, forming a sin-
gle flat surface (Fig. 2.62E); labial palps are three segmented with the ter-
minal segment very small. The maxillae (Fig. 2.16H) have strong brushes
of setae laterally and apically, with a long two-segmented palp extending
well beyond the galea-lacinia. The femora are broad and stout, with stong
spatulate setac arranged in various patterns dorsally (Fig. 2.62F). The claws
have one to a few strong denticles medially (Fig. 2.62F). It is interesting to note
that the male nymphs of African Tricorythus species have much larger eves
than the female nymphs (personal observations), a feature which is not evident
in Madagascan species of Tricorythus (Sartori, pers. comm., Museum of Zool-
ogy, Lausanne, Switzerland). In fact, one of the features used to separate Meade-
cassorythus from Madagascan species of Tricorythus is that Madecas-
sorvthus male nymphs have larger eves than females (Oliannony et al.
2000). Male nymphs are generally smaller (6.0-7.0 mm) than female nymphs
(9.0-10.0 mm), and cerci are about as long as the body. The nvmphs are
usually found on stones in fast- flowing sections of a river.

Useful references
Bamard (1932); Crass (1947); Olarinony et al. (1998b)

EPHEMERY THIDAE
(Figs 2.16A-E)

The family Ephemerythidae was originally placed as a subfamily
within the Tricorythidae (Gillies 1960), but McCafferty and Wang (2000)
raised the group to family status. The Ephemerythidae are endemic to and
widespread in Africa (including Morocco), being known in the Afrotropics
ss. from South Africa, Congo, Tanzania and Nigeria. The family is repre-
sented by only one genus (Ephemerythus) of which there are five species.
Gills are only present on segments 2-5 (there is no filamentous gill 1), and
gill 2 is operculate (Fig. 2.16A). The maxillae do not have palps (Fig.
2.16B). and the third segment of the labial palp is small in comparison to
the other segments (Fig 2.16C). The tarsal claws are distinctive, with
larger, widely-spaced denticles basally and several smaller, closely-spaced
denticles towards the apex (Fig. 2.16E). Nvmphs measure up to about
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6.0 mm with cerci about 4.0 mm. Ephemerythus nymphs are found on a
variety of substrates (rocks, plants, roots, submerged logs and amongst lit-
ter in back water eddies). They occur in cool mountain streams, to warm
lowland rivers, and generally prefer moderate to fast-flowing current

Useful references
Demoulin (1964); Gillies (1960) (adult only); Kimmins (1955) (described
as an unknown genus of Ephemerellidac). McCafferty & Wang (2000)

MACHADORY THIDAE
(Figs 2.6A-F)

I'he family Machadorythidae (elevated to this status by McCafferty &
Wang 2000), is represented by one species only: Machadorythus macwlatus,
which is widely distributed in the Afrotropics, including South Africa, but
has not been reported from Madagascar. The nymphs have narrowly-set,
dorsally-protruding eves (Figs 2.6A & C) and terga 3-7 dorsally expanded,
forming an open V-shaped compartment protecting the gills (Figs. 2.6 A,
B). Mature nymphs are about 5.0 mm in length. Nymphs are apparently
predatory and found on unstable substrates (sand, silt and organic detritus)
in slow-flowing stretches of streams

Useful references

Demoulin (1959), Elovard & Gillies (1989); McCafferty & Wang (2000)

TELOGANELLIDAE
(Figs 2.15A—C)

T'he family Teloganellidae is represented in the Afrotropics by an unde-
scribed genus from Madagascar, where only a female adult has been col-
lected. The family is also known from one species from Malaysia:
Teloganella umbrata, the female adults of which show the same character-
istics as the undescnbed species from Madagascar. The Malaysian nvmphs
(Fig. 2.15A) apparently have a filamentous gill 1, an operculate gill 2, and
lamellate gills on segments 2-5. The maxillary palps are absent (Fig.
2.15B), and the labial palps are three-segmented (Fig. 2.15C). The forefemora
are expanded anteriorly and all femora are fringed with short, stout sctae
(Fig. 2.15A). Hindwing pads are present but small. The nymphs are moder-
ately small (4.5-5.0 mm) (Wang et. al 1995). Ecological information on this
family is entirely lacking.

Useful references
McCafferty & Wang (2000),
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TELOGANODIDAE
(Figs 2.13, 2.14A-F & 2.63-2.66)

Afrotropical members of the family Teloganodidae were originally
placed as a subfamily, Teloganodinae, in the family Ephemerellidac. This
was elevated to family level (McCafferty & Wang 1997). The Teloganodi-
dac are Gondwanan in origin, and are currently represented by eight
described genera from South Africa, the Onent and Australia (McCafferty
& Wang 1997). In the Afrotropics the family is represented by four genera
that are found primarily in the southern and southwestern region of the
Cape, and an undescribed genus from Madagascar (Elouard et al. 2001)
The Madagascan genus, Manolyphella, was originally placed in the
Ephemercllidac (Allen 1973), but was subsequently moved to the Tricory-
thidae (McCafferty & Wang 1997). Some authors, however, still consider
it to be a teloganodid (Elouard et al. 2001). In this guide it will, therefore,
be considered under the Tricorythidae®.

Teloganodid nymphs are distinguished by the following characteristics:
a posterior V-shaped medial notch and submedial lobes on the mesonotum
(e.g. Figs. 2.14D, 2.63A, 2.64A), lateral, simple, filamentous gills that are
generally present on abdominal segment | (Figs. 2.63A & C, 2.64A), and
operculate (Fig. 2.64A) or semioperculate (Fig. 2.63A, 2.65A, 2.66A) gills
2. a hypognathous head, and a squat and somewhat dorsoventrally-flattened
body. Mature male nymphs show subdivided compound eyes (e.g. Fig. 2.65A).
Teloganodid nymphs are found in clean, fast-flowing mountain streams,
and feed on periphyton and fine detritus (McCafferty & Wang 1997).

Ephemerellina Lestage, 1924
(Figs 2.65A & B)

The genus Ephemerellina is known only from one species: £ harnard:
from the Western Cape. Its nymphs are distinguished by the presence of
single, sharp dorsal abdominal wbercles (Fig. 2.65A) and semi-operculate
gills on abdominal segments 2-6. Its claws have a single row of denticles
(Fig. 2.65B). Mature nymphs measure up to 10.0 mm. Nymphs of Ephem-
erellina are found in moss on vertical rock faces of waterfalls of small
mountain tributaries and on leaves of Isolepis (Cyperaceae) in swiftly-
flowing acidic streams.

Useful references
McCafferty & Wang (1997).

® At the tme of going to press it was, however, noted that McCafferty & Wang (2000) have now
placed thas gemees in the Teloganodidae In the Appendix it has been placed in the Teloganodidae
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Lestagella Demoulin, 1970
(Fig. 2.64)

The genus Lestagella is known from only one species, L. penicillata,
from the southern and Western Cape. Its nymphs are distinguished by hav-
ing the head anteriorly fringed with long setae (Fig. 2.64) and operculate
gills on abdominal segment 2 (Fig. 2.64). Mature nymphs are relatively
small, measuring about 8.0 mm, with cerci measuring about 0.4 mm.
Nymphs inhabit fast-flowing streams, clinging to the underside of stones.

Useful references

Demoulin (1970); McCafferty & Wang (1997).

Lithogloea Barnard, 1932
(Figs 2.66)

The genus Lithogioea is known from only one species: L harrisoni,
from the southern and western Cape. Its nymphs are distinguished by the
presence of broadly-based dorsal abdominal tubercles (Fig. 2.66) and filamen-
tous gills on abdominal segment |. Mature nymphs measure about 7.0 mm.
Nymphs of Lithogioea are found in swift mountain streams among leaves
of Isolepis (Cyperaceae).

Useful references
Barnard (1932), McCafferty & Wang (1997).

Nadinetella McCafferty & Wang, 1998
(Figs 2.63A-E)

The genus Nadinerella is known from two species: N brincki and
N. crassi, both from the South Western Cape. The nymphs of this genus
are distinguished by the following combination of characteristics: lamel-
late, semi-operculate gills on abdominal segments 2-5; claws with two rows
of denticles (Fig. 2.63B) and paired dorsal abdominal tubercles (Figs 2.63A
& C), or terga with broad, straight margins or at least some terga with
slightly bifurcated posteromedial protuberances (Figs 2.63D & E). Mature
nymphs measure about 9.0 mm. Nymphs are found in moss growing on the
rock faces of waterfalls and other lower-gradient biotopes in mountain
streams.

Useful references
Allen & Edmunds (1963); McCafferty & Wang (1997, 1998).
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CAENIDAE
(Figs 2.13 & 2.67-2.72)

The family Caenidae is found worldwide, but like most mayflies, they
are not found on oceanic islands. The family is poorly known from Africa,
and it is likely that several new genera await discovery. Seven genera are
currently known from the Afrotropics, with one of these endemic to Mada-
gascar. A further Madagascan genus awaits description (Elouard et al
2001). Only three genera are recognized in South Africa, but further
research will no doubt add to this. The fact that much current literature on
African species focuses only on adults, while stream surveys tend to focus
on nymphs, compounds problems relating to systematics, and adult and
nymphal stages need to be correlated in order to clear up some of the con-
fusion in the literature, The genus Caenis has the highest diversity of spe-
cies amongst the African genera.

Caenidae are renowned for being small in size, reaching up to about
2.0-9.0 mm when mature. They are characterized by gill | being filamen-
tous (Figs 2.13A & 2.70A), and gill 2 being large, square-shaped and oper-
culate, usually with a prominent Y-shaped crest (Figs 2.13B, 2.68A & C,
2.69A, 2.70B, 2.71A, 2.72A) covering the remaining gills, which are usu-
ally fine and frilly in appearance (Fig. 2.70C). They do not have hindwing
pads. The nymphs are often associated with conditions where there is little
or no flow, such as in pools and ponds. In streams they are often found
among the silty substrates of backwaters, or among aquatic vegetation,
where they feed on fine particulate detritus and periphyton. Their bodies
are often covered with small detrital particles.

Afrocaenis Gillies, 1982
(Figs 2.69A-E)

This genus is known from cool streams in the East African highlands
(Kenya, Tanzania and Ethiopia), and is represented by two species. Adult
males and mature male nymphs have very large eyes. Tarsal claws are long
and slender, devoid of denticles (Fig. 2.69E). Mouthparts are characterized
by maxillary palps being three segmented (Fig. 2.69B), and by the absence
of setac along the outer margins of the mandibles (Fig. 2.69C). Gills 2
(Fig. 2.69A) are operculate with Y-shaped crests and upper surfaces with
many small, stout setae, but no submarginal spine-like hairs. Nymphs of
some species in this genus are very large, reaching about 9.0 mm in length.

Useful references
Gillies (1982).
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Afrocercus Malzacher, 1987
Known only from the male imago, from Uganda.

Useful references
Malzacher (1987).

Barnardara McCafferty & Provonsha, 1995
(Figs 2.71A-E)

Barnardara nymphs belong to the so called 'brush-legged’ Caenidae,
because of the long hair-like setae on their forelegs that form a brush. In
Barnardara these are arranged in a random fashion over the dorsal surface
and along the inner margins of the tibiae and tarsi (Fig. 2.71E). The mandi-
bles have four to seven long setac along the outer margins (Fig. 2.71C).
The operculate gills (Fig. 2.71A) have the lateral and pesterior margins
fringed with broad, spatulate sctac and the inner margins fringed with
short, simple setae. The nymphs are small, only 2.5-3.0 mm in length.
I'hey are only known from the north eastern regions of South Africa, found
in shallow, slow-flowing reaches of rivers over cobbled substrates inter-
spersed with alluvial deposits. Only one species is currently known,

Useful references
Provonsha & McCafferty (1995).

Caenis Stephens, 1835
(Figs 2.70A-G)

This is by far the most common genus in the Afrotropics, with 35
described species, only three of which are known in South Africa. Four
species are known in Madagascar. The nymphs usually have at least some
denticulation on the claws (Fig. 2.70G), although these denticles can be
can be very small and may sometimes be overlooked. The inner margins of
the tibiae and tarsi are edged with stout spine-like setae (Fig. 2.70G). The
size of the nymphs varies considerably between species. Many of the Afro-
tropical species are known only as adults.

Useful references
Bamard (1932); Demoulin (1970); Malzacher (1990, 1993, 1995).

Caenospella Gillies, 1977
(Figs 2.67A-F)

This genus is easily recognized by the absence of the Y-shaped crest

on the operculate gills (Fig. 2.67A). The claws have many denticles,
increasing in size from the base to the mid-section, where the denticles are
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pronounced (Fig. 2.67E), the distal third being devoid of denticles so that
the claw curves smoothly to a point. Only one species is known, from Lake
Kalimawe (Tanzania), where nymphs shelter in papyrus. These are very
small caenids, measuring just over 2.0 mm in length.

Useful references
Gillies (1977).

Clypeocaenis Soldan, 1978
(Figs 2.72A-E)

Chpeocaenis has a disjunct distribution, with one Africa species being
known from Ghana and Upper Volta, the another being from KwaZulu-
Natal. Other species are known from the Oriental region.

Like Barnardara, Clypeocaenis has ‘brush-legs’. The hairs on Chpeo-
caenis are arranged in two distinct rows on the foretibiae (Fig. 2.72E),
whereas those of Barnmardara are randomly scattered (Fig. 2.71E). The
mandibles of Chpeocaenis are also more setose than those of Barnardara,
having two rows of long setae on the outer margin (Fig. 2.72C). The
nymphs measure about 3.5-4.5 mm in length, with cerci measuring
between 2.0-3.0 mm. In West Africa Chpeocaenis occurs in large, rela-
tively rapidly-flowing rivers with stony bottoms (Soldin 1983). In South
Africa it has been recorded from the Mgeni River (Provonsha & McCaf-
ferty 1995) from moderate- to steep-gradient reaches (determined from
Brand et. al. 1967). On first describing the genus, Soldan (1978) deduced
that the nymphs occur in rapidly-flowing water.

Useful references
Provonsha & McCafferty (1995); Soldan (1983).

Madecocercus Malzacher, 1995
(Figs 2.68A-H)

Known only from Madagascar, this genus has a number of distinctive
characteristics: the body is covered with hairs; the margins of the head,
thorax, abdomen, legs and operculate gills are fringed with long, hairlike
setae (Fig. 2.68A); the tarsal claws are strongly hooked and lack denticles
(Fig. 2.68H). gill 1 is filiform (Fig. 2.68B), gill 2 is operculate and trapezium-
shaped (Fig. 2.68C), and gills 3-6 are without marginal filaments (Figs 2.68D
& E). abdominal segments have well-developed posterolateral projections,
which are particularly pronounced on segments 2, 6 & 7 in mature nymphs
(Fig. 2.68A), and the maxillaec are without palps (Fig. 2.68F). The cerci
have well developed setae on their basal third. Nymphs measure about
5.0-6.0 mm, with cerci 2.5-3.0 mm. Nothing has been reported on the
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feeding behaviour or habitat preferences of nymphs in this genus.

Useful references
Elovard et al. (2001); Elovard & Sartori  (2001); Malzacher (1995);
McCafferty & Wang (1995, 2000)

EPHEMERIDAE
(Figs 2.10, & 2.73-2.74)

The family Ephemeridae is known from all continents except Australia.
There are five known genera in the Afrotropics, but the presence of one of
these is doubtful (see discussion under Palingenia). At one time Palingenia
and Cheirogenesia were placed in the family Palingeniidae, but McCafferty
(1991) placed them in the subfamily Palingeniinae within the Ephemeridae.

Ephemeridae nymphs are similar to those of the family Polymitarcyidae
(see below), but are distinguished by having apically-divergent mandibular
tusks (Figs 2.10A & B), a frontal process with diverse morphologies
(Figs 2.10B, 2.73B & 2.74A, C, D & E) and a process on the tibiae of the
posterior legs (Fig. 2.10D). Gills 2-7 consist of two elongate lamellae with
fringed margins (Figs 2.10A & C & 2.73A). Mature nymphs measure from
12.0-32.0 mm (McCafferty 1981). Ephemerid nymphs are primarily found
in lentic waters, burrowing in silt, sand-silt, sand-gravel and silt-clay sub-
strates. They feed on particles, and some may directly ingest sediment

Afromera Demoulin, 1955a
(Figs 2.74C)

I'his genus is known from the Orient and the Afrotropics, but is absent
from Madagascar. Afromera is currently represented by three species in
West Africa, one in the Congo, one in Uganda and one in South Africa.
Only A. evae, from Gambia, is known from the nymphal stage, and it is
distinguished by the presence of a concave frontal process (Fig. 2.74C) and
poorly-developed mandibular tusks (Fig. 2.74C). Mature nymphs measure
11.0-13.0 mm, with cerci 4.0-4.5 mm. Nymphs of Afromera burrow in silt
substrates in perennially warm, lentic waters.

Useful references
Elouard (1986b) (adults only); McCafferty & Gillies (1979)
Cheirogenesia Demoulin, 1952
(Figs 2.73B & ()

The genus Cheirogenesia is endemic to Madagascar, known from three
species. Its nymphs are distinguished by the presence of an apically-serrate
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frontal process on the head (Fig. 2.73B) and socketed spurs on the outer
margins of the mandibular tusks (Fig. 2.73C) (below the heavily scle-
rotized apex). Nymphs measure about 20.0-23.0 mm, with cerci measuring
7.0 mm. The nymphs burrow in soft silt substrates in warm, lentic waters

Useful references
McCafferty & Edmunds (1976): Sartori & Elouard (1999) (adults only).

Eatonica Navas, 1913
(Figs 2.74A & B)

The genus Eatonica is widespread in the Afrotropics, with four species
from Africa and two described from Madagascar. The only described
nymph is the presumed nymph of E. schowtedeni (Navis) from Africa, and
despite considerable collecting effort, only one nymph (currently unde-
scribed) has been found in a forest zone in Madagascar (Elouard et al.
1998). The nymphs are distinguished from those of other Afrotropical
ephemerids by the convex frontal process on the head (Fig. 2.74A). Nyvm-
phal size has not been established, but an adult female of E. schoureden:
measures 12 mm (Bamard 1932).

Useful references
Demoulin (1968); Elovard (1986a) (adults only), Elouard et al (1998)
(adults only).

Ephemera Linnaeus, 1758
(Figs 2.74D, E & F)

Although the genus Ephemera is widespread in the Holarctic and the
Orient, its only representative in the Afrotropics is the species £ moviana,
reported from KwaZulu-Natal, South Africa. Since its original description
as Eatonica schoutedeni (in part: Crass 1947), £ mooiana has not been
collected again, despite intensive collecting effort (Conor Cahill pers.
comm., University of Natal, Pietermaritzburg). It is therefore likely that
the species is extinct.

The tentative association of the nymph with the male adult has not vet
been confirmed by rearing. Nymphs of Ephemera are fairly similar to
those of Afromera (see above) in that they have a concave frontal process
on the head (Fig. 2.74D & E), but differ in having well-developed man-
dibular tusks (Fig. 2.74D, E & F). The precise habitat requirements of
E. mooiana are not known, but nymphs of Ephemera generally burrow in
sand, sand-gravel or sand-silt substrates, and are found in waters that arc
not perennially warm and with more flow than those in which Afromera
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occurs. The nymphs of £ moviana measure up to 29.0 mm, with cerci
measuring 9.0 mm, and the median caudal filament 11.0 mm (Crass 1947)

Usefud reference
Crass (1947); McCafferty (1971) McCafferty & Gillies (1979),

Palingenia Burmeister, 1839
(Figs 2.73A)

I'he genus Palingemia has a Palearctic distribution. The record from the
Afrotropics consists of a doubtfullyv-assigned species (P. apatris) from
Libena, which i1s known only from male adults. In any case, nymphs of
Palingenia elsewhere are distinguished by having the mandibular tusks lat-
erally with large, somewhat irregular denticles (Fig. 2.73A). The known
nymphs of Palingenia are among the largest mayflies, measuring up to
about 32.0 mm. They burrow in clay substrates in lentic waters.

Useful references
Demoulin (1965)

POLYMITARCYIDAE
(Figs 29A-D & 2.75-2.76)

The family Polymitarcyidae is pantropical in distriubution, but is not
found in Australia. Three genera are found in Africa, and one in Madagas-
car. Its nymphs are most similar to those of the family Ephemeridae, but
differ in having the mandibular tusks apically convergent (Figs. 2.75A,
2.76A. F. H) and in lacking frontal process on the head and a ubial process
on the posterior legs (Fig. 2.9D). Polymitarcyid nymphs are usually found
in slow-flowing waters, either in burrows in hard substrates—such as
wood-—or interstitially in substrates such as silt, silt-gravel or clay.

Afroplocia Lestage, 1939
(Figs 2.76A~C)

Ihe genus Afroplocia is known from only one species: A. sampsoni,
from KwaZulu-Natal. Although the association of the nymphal and adult
stages has not been confirmed through rearing, it appears that the assigned
nymph indeed belongs to A. sampsoni. The nymph is distinguished from
those of other polymitarcyids by the following characteristics mandibular
tusks as long as, or slightly longer than, the head and pronotum combined,
with thick rows of long setae laterally and medially (Fig. 2.76A); caudal
filaments at least as long as the abdomen, with sctac along three-quarters
of their length, and a reduced gill | with subequal lamellae (Fig. 2.76B)
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Details of the habitat requirements of the nymphs of A. sampsoni remain
unknown, but it appears that they are found interstitially in mixed sub-
strates.

Useful references
Bamard (1940); Crass (1947).

Ephoron Williamson, 1802
(Figs 2.76H-K)

The genus Ephoron is found in the Holarctic, Orient and Afrotropics. In
the Afrotropics, it is represented by only one described species: £ savigmi,
which is apparently widely distributed throughout tropical Africa. It has
been suggested, based on observation of specimens in the British Museum,
that there may actually be more than one species (Conor Cahill. pers
comm.). Ephoron nymphs are distinguished from those of other Afrotropi-
cal polymitarcyids by having robust mandibular tusks with short spines
laterally and dorsally (Fig. 2.76H & K). Mature nymphs measure about
16.0 mm, with cerci about 6.0 mm (Crass 1947). Nymphs occur in U~
shaped burrows, with each arm of the U about 3.2 mm long, along rniver
banks, among dense clay-silt substrate (F.C. de Moor pers. comm., Albany
Museum, Grahamstown) where conditions are suitable.

Useful references
Crass (1947); Demoulin (1952)

Exeuthyplocia Lestage, 1918
(Figs2.75B & C)

The genus Exeuthyplocia is known from one species only: £ mimma.
which is widely distributed in central Africa. Its nymphs are similar to
those of Afroplocia, but differ from the latter species in having unequal
gills 1 (Fig. 2.75B). Mature nymphs may measure up to about 15.0 mm.
Details of the habitat requirements of E. minima remain uncertain.

Useful references
Gillies (1980b).

Povilla Navas, 1912
(Figs 2.76D-G)
The genus Povilla is known from one species only: P. adusta, which is

widespread and common from central Africa south to KwaZulu-Natal. Its
nymphs are distinguished by having short, robust mandibles that are medially

- I
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denticulate (Figs. 2.76D, F, G). Mature nymphs measure about 10.0
16.0 mm, with cerci about 4.0-6.0 mm. Nymphs of P. adusta are found in
lentic waters, and burrow imto clay and hard substrates such as wood.
Nymphs are known to secrete a silk-like substance to line their burrows
Ihey are filter-feeders, creating a feeding current in their burrows by
means of gill movements (Hartland-Rowe 1953), and feeding largely on
microscopic algae (Kimmins 1949).

Useful references
Corbet (1957). Demoulin (1956a, b). Hartland-Rowe (1953, 1958)

Proboscidoplocia Demoulin, 1966
(Figs 2.75A)

I'he genus Proboscidoplocia is endemic to Madagascar. They are large
mayflies, adult males reaching an average size of about 20.0 mm,although
Elouard et al. (2001) indicate that some females of some species reach a
length of 7.0 ¢cm. Of the eight known species, only one—P. sikorai—is

known from the nymphal stage. Its nymphs are similar to those of

Afroplocia and Exeuthyplocia, but the mandibular tusks (Fig 2.75A) are as
long as the length of the head and thorax combined, and the caudal fila-
ments are shorter than the abdomen and setaceous along the whole length
The nymphs occur mainly in forest streams along the east coast and the
upper basins of western Madagascar

Useful references

Demoulin (1966b), Elouard & Sarton (1997) (adults only); Elouard et
al. (1999) (adults and ecology); Elouard et al. (2001); Sartori et al. (1999)
(adult females and egg morphology)

LEPTOPHLEBIIDAE
(Figs 2.77-2.86)

The family Leptophlebiidae, or ‘prong gills', has a worldwide distribu-
tion, but attain their highest diversity in the tropics. In the Afrotropics, the
family is represented by 16 genera. The nymphs of different species within
this genus are easily distinguished by their gills; gill | may be filamentous
(Figs 2.82A; 2.85A & B), operculate (Fig. 2.83A), apically cleft (Fig. 2.83D),
or entirely absent; gills 2-6 or 7 are double, and are either lanceolate (Figs
2.78A & B). or lamellate with pointed projections (Figs 2.79C-G), or lamel-
late with multiple finger-like projections (Fig. 2.80A). The cerci of Lepto-
phlebiidae nymphs are usually widely spread, with the medial filament
slightly longer than the cerci
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Leptophlebiid nymphs generally occur in flowing waters, but some spe-
cies occur in standing water, and are associated with rocks, gravel and
woody debris or roots along stream banks. Leptophlebiidae nymphs are
brushers, scrapers, or collector-gatherers, feeding largely on detritus, and a
few are shredders, feeding on leaf fragments (Palmer 1998).

The genera Fulleta and Ulmerophlebia are known from adults only. As
a consequence, they are not considered in the key above or in the generic
treatment below.,

Adenophlebia Eaton 1881
(Figs 2.81A-E)

The genus Adenophiebia has a widespread distribution in the Afrotrop-
ics and is represented by six species, four of which occur in South Africa
It has not been reported from Madagascar. Its nymphs are distinguished by
having well-tracheated gills on segments 1-7 with similar lamellac that
taper off to a point in the last apical quarter (Figs 2.81A-C), claws with
denticles increasing progressively in size apically, and an enlarged apical
denticle (Fig. 2.81E). Mature nymphs measure between 9.0 and 13.0 mm.
Nymphs usually occur on stones, and can tolerate a range of flow condi-
tions, from still pools to more fast-flowing water.

Useful references
Barnard (1932); Crass (1947); Peters & Edmunds (1964).

Adenophlebiodes Eaton, 1881
(Figs 2.83A-C)

The genus Adenophiebiodes is represented by eight species in the Afro-
tropics, with two species in South Africa, but has not been reported from
Madagascar. Its nymphs are distinguished by having large, operculate gills
on abdominal segment 1 (Fig. 2.83A). Mature nymphs measure between
9.0-10.0 mm, with cerci 15-20 mm. Nymphs of Adenophlebiodes tend to
be found in relatively deep pools with floating detritus and vegetation

Useful references
Agnew (1961); Crass (1947); Elouvard-Hideux & Elouvard (1991¢c)
(adults only); Peters & Edmunds (1964)

Aprionyx Barmnard, 1932
(Figs 2.79A-G)

The genus Aprionyx is known from southem Africa only, where eight spe-
cies are known. Its nymphs are distinguished by having edentate tarsal
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claws (Fig. 2.79A) and lamellate gills with branched tracheae (Figs 2.79C-G).
Nymphs of Aprionyx can measure up to 16.0 mm with cerci up to 20.0 mm.
I'hey occur under large stones in fast-flowing water and in pools in moun-
tain streams, and are often associated with patches of natural forest

Useful references
Barnard (1932); Crass (1947); Peters & Edmunds ( 1964)

Castanophlebia Bamard, 1932
(Figs 2.78A-D)

e genus Castomophlebia is known from only two species: C albicawda
and C. calida, which are endemic to southem Africa. Both are common in
mountain streams throughout South Africa and Lesotho. The nymphs are
distinguished by having long, slender lanceolate gills that taper gradually
towards the apex (Fig. 2.78A & B). Mature nymphs measure up to 1 1.0 mm,
with cerci between 15.0 and 18.0 mm. Nymphs prefer fast-flowing waters
and have been observed on the rock faces of small waterfalls,

Useful references

Barnard (1932, 1940); Crass (1947); Peters & Edmunds (1964)

Choroterpes Eaton, 1881
(Figs 2.84A-F)

The genus Choroterpes has a worldwide distribution. In the Afrotrop-
ics, the genus is represented by two species only, C. ndebele and
C nigrescens. both from South Africa. The nymphs are distinguished by
having the shape of gill 1 varving from long and slender to narrow-
lamellate with a long point (Figs 2.84A-C) and gills 2-7 apically with
three processes, with the medial process being much longer than the apico-
lateral processes, which appear as little more than rounded lateral
extensions (Fig. 2.84D) (more pronounced in C. ndebele—not illustrated)
Nymphs measure up 1o 10.0 mm, with cerci 12.5-17.5 mm. Nymphs of
Choroterpes are found under stones in a wide vanety of flowing-water regimes.

Useful references
Agnew (1962b); Barnard (1932); Peters & Edmunds (1964, 1970).

Euthrawlus Barmard, 1932
(Figs 2.85A-E)

Ihe genus Euthrawlus occurs in Europe and Asia, and is widespread in
the Afrotropics, including the Comoros Islands. It has not yet been recorded
from Madagascar. There are eight known Afrotropical species, one of
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which (E. elegans) is widespread in South Africa. Its nymphs are distin-
guished by having gill 1 long and slender (Fig. 2.85A & B) and gills 2-7
apically with three slender, subequal processes (Fig. 2.85C). Nymphs of
Euthraulus measure about 7.0 mm, with cerci 8.0-10 mm. They occur in
stony-bottomed streams, preferring slow-flowing waters and tolerating
stillwater conditions.

Useful references
Barnard (1932); Demoulin (1970); Peters & Edmunds (1964, 1970)

Fulletomimus Demoulin, 1956
(Figs 2.86A-D)

Oniginally described only in the adult stage from the Democratic
Republic of the Congo (Demoulin 1956a), but a questionably-associated
nymph has been described by Demoulin (1956b). It is distinguished by its
gills having the lamellae with two deep clefis apically, terminating in three
apical processes (Fig. 2.86A). The posterolateral margins of abdominal
segments 3-7 have well developed single spines, while segments § and 9
are produced to form double-pointed biacuminate) spines (Fig. 2.86B).
Nymphs measure 4.6 mm in length, and the cerci 5.5 mm (Demoulin
1956b). The nymphs of this species are considered to be lacustrine.

Useful references
Demoulin (1956b).

Hagenulodes Ulmer, 1919
(Figs 2.77A-C)

The genus Hagenuwlodes is known from one species only—H. braueri
from the Seychelles. Its nymphs are distinguished by having gills 1-7 that
have unbranched tracheae (Fig. 2.77A), the upper portion of the gill being
narrow-lamellate, the lower portion being a filamentous projection. Details
of the habitat requirements of /. braweri remain unknown.

Useful references
Peters & Edmunds (1966).

Hyalophiebia Demoulin, 1955
(Figs 2.83D-G)

I'he genus Hyalophiebia is known from central and southern Africa
only. Of the four species known to date, only one (/1. patriciae) is known
from the nymphal stage. Its nymphs are distinguished by having gill |
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broad and apically cleft (Fig. 2.83D), and gills 2-7 that are similar to gill |

in most respects, but have two lamellac (Fig. 2.83E & F). Nymphs of

H. parriciae measure about 9.5 mm in length, and are found on stones in
slow-flowing streams

Useful references
Agnew (1962b).

Maheathraulus Peters, Gillies & Edmunds, 1964
(Figs 2.82A-D)

I'he genus Maheathrawlus is known from one species only: M scouti,
from the Seychelles. Its nymphs are distinguished by the having gill 1 fila-
mentous (Fig. 2.82A) and gills 2-7 long and slender, with a bifurcation in
the basal one-third (Fig. 2.82B). Interestingly, unlike the nymphs of most
other species, the ovipositor is visible in the female nymphs of
Maheathraulus (Fig. 2.82C). Nymphs of M scotti are found under small

stones in streams with moderate flows.
Useful references
Peters & Edmunds (1964)
Nesophiebia Peters & Edmunds, 1964
(Figs 281H& 1)

The genus Nesophlebia is known from one species only: N adusta,

from Madagascar. Its nymphs are distinguished by lacking the first pair of

gills and by having gills 2-7 long and slender and deeply forked from the
basal third (Fig. 2.81H), sometimes with small setae on the gill tips
Nymphs of Nesophiebia are found under large stones and among gravel in
fast-flowing streams

Useful references

Peters & Edmunds (1984)

Petersophiebia Demoulin, 1973
(Figs 2.81F-G)

The genus Petersophiebia is known from two species only: P. inequalis
and P. mswlaris, both from Madagascar. The gills of nymphs in this genus
are narrowly- or broadly-rounded apicolaterally, with short medial
processes apically (Figs 2.81F). Nymphs are about 9.0 mm long. Details of
the habitat requirements of the nymphs remain unknown,

{ n'fu/ references
Demoulin (1955b, 1973); Peters & Edmunds (1964),
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Polythelais Demoulin, 1973
(Figs 2.80A & B)

The genus Polythelais is known from one species only: P. digitata,
from Madagascar. Its nymphs are distinguished by the broadly lamellate
gills with four to six short processes distally and branched tracheae
(Fig. 2.80A). Mature nymphs measure about 10.0 mm, with cerci about 10.0
mm. Details of the habitat requirements of the nymphs of this species
remain unknown.

Useful references
Demoulin (1973).

Thraulus Eaton, 1881
(Figs 2.82E-G)

The genus Thrawlus is known from the Afrotropical, Oriental and
Palaearctic regions. In the Afrotropics, it is known from central Africa and
the Comoros Islands. Its nymphs are distinguished by having gill | with
different dorsal and ventral lamellae (Fig. 2.82E) and gills 2-7 with similar
dorsal and ventral lamellae, both with fringed margins (Fig. 2.82F) Mature
nymphs measure up to about 9.0 mm, males being larger than females.
Nymphs of some species of Thraulus are found under stones in fast-
flowing mountain streams, while those from other species are lacustrine,
being found along lake shores.

Useful references
Peters, Gillies & Edmunds (1964); Peters & Edmunds (1964, 1970)

PROSOPISTOMATIDAE
(Fig. 2.6)

The family Prosopistomatidac is known only from one genus:
Prosopistoma, which has been reported from the Afrotropics. Australia,
the Orient and Europe. In the Afrotropics, the genus is widespread, repre-
sented by four described species, one of which occurs in Madagascar
Another four species from southern Africa await description (Barber-
James In Press), one from Guinea (Elouvard pers. Comm: Institute de Re-
cherche pour le Developpment, Montpellier, France) and three from Mada-
gascar (Elovard, pers. comm). Prosopistomatidac nymphs are minute,
measuring up to about 3.0 mm, with short cerci of less than 1.0 mm. They
are therefore easily overlooked in the field, but are casily distinguished by
having fused nota that form a carapace-like structure covering the legs and
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gills from dorsal view. Prosopistomatid nymphs are found on stones at the
edge of riffle areas, and under boulders on bedrock in fairly swift current

Useful references
Barber-James (In Press). Gillies (1954).
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CHECKLIST OF AFROTROPICAL EPHEMEROPTERA

This checklist includes all known species, and their synonyms, from the Afro-
tropical region as defined by Crosskey & White (Fig 2.1). Several species awaiting
description have not been included. Readers are advised to check the following website
for periodic revisions of the list given below
hizp:‘www nuac.za academic departments zooento Martin EphemeropteraA frica him
Note that in the list below, the current valid names of the species (indicated by o ) are
followed by subordinate names (mdicated by <) when these exist. The subordinate
names are followed by an abbreviation in parentheses, indicating their status. All
names. valid or subordinate, are followed by the actual author of that name and
the date that the name was published. The authors responsible for the current
names are indicated at the end of each list. (Adapted after McCafferty 2003)

Definitions of abbreviations and terms used:

(comb.) combination a name recombined with a generic name different from the onginal
(dub.) nomen dubium: a name that is of dublous status in that it cannot presently be deter-
mined what the specics named as such actually is; although all nomina dubia have a generic
name associated with them, some of them cannot actually be placed to any genus with con-
fidence due to the lack, or loss of, original maserial on which the names were based

(hom.) homonym: the nume (as the unsque combination of genus and species names) s or
becomes the same as one used for another species st an carlier time: the subordinate homo-
nym, therefore, had to be replaced with a new name

(id.) misidentification: another valid species (nof a subordinate name) with which the spe-
cies has incorrectly been assocuted in the past

(orig.) onginal: the ongnal name, including the original name in its correct form, of it has
been changed from an incorrectly formed name

(renam.) renamed: a new name given because the onginal or recombination of the original
is a secondary homonym (the same as that which has been given to another species previ-
Ousiy)

(spell.) spelling: a musspelled or incorrect form of the name

(stat.) status: represents a change from species 1o subspecies status within the same species
(syn.) ssmonym: another name that was proposed independently for the same species Nor-
mally, the carhiest published name takes prornty

(im part): some of the members of this species were onginally described as another species
|sic]: name written as stated by author, even though mcorrect
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Superfamily SIPHLONUROIDEA
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bacindes msermedus Lugo-Ontz & McCafferty | Pow
Arobaciodes fenae Gamolliat & Sanony. |99 [Madagascw |
Probaciades pago Gilles, 199

w (Navas, 1930)

Jocon pariur Navas, 1930 (ong )

Lot acindes paaiiiur Gillses, 1979 conb

dirobavioades P

Cenus Afraptiiam Calles 199

Afropiiam Navosatem (Kopelie, 1980
Comroptilvm Aavosatye Kopelke, 1980 (ong )
{froptusm Acrrrsatus Galhes, | 990 (comb

Arvopenom A o [ imer. 19
Contropiilam Mcorne Ulner, 1909 (ong

o8, 1990 (comb

Arropavam Aoenipers (Kopelke, 198

Comroptilvm Aoemiper Kopelhe, 1990 (0ng

Afroptlam Acetiper Callies 990 (coeb )
Afroptaiam comfiaam Lago-Ortiz & MoCaforty, 1998 | Madagascar|
Aropevam dcemirvm | Demoulin, 1946

( emropidem i emirum Demoulsn, 1956 (o

Ufropvaiam Scentram Chlbes 1990 (comb |
Afropedum pribere: Gattollbae & Sarvon. 1999 [Madapaca
Aropwtum lopvtam LugoOme & MoCaflerry, 198 [Malagascn
Crogviies meotldor Gamollat & Sanon, | 999 [Madagasca
wilum parvem (Crass, 1987

Comtropedam parvem Crass, 1947 (orig
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® (loean plevarum Agnew, | 961

L
.

.
.
.
ol
.
.
.
il

.

focom cmmanwed' Lugo-Omiz & MoCafferry, | 998 [ Madagascar )
Tovom gombioe Gellies, | 990

fowom rrptitaee Navas, 1936 [Madagucar] (nomen dvbim - Lugo-Ovtiz & MoCafferty, 1998
Clocon lacwsonam Barmard, 1932

Tocom mathosoe MoCaflerty & Masremoonso. 2000 | Madsgescsr |
Towon perkins Barsaed, 1932

[ogm rhaderaoe Barrard 1912

 Tocom cormenm Navas, 1996 (9vn )

€ Towom sivpmale Navis, 1936 (syn )

seom scdem Kmens, 1545

Jovom smaclom Lestage, 1974 [Afrca & Madagacar |

Prociecon smacion: Kmmens, 1960 (ong )

Prociooon frawiiontwm Demoulin, 1957 (syn )

& Clovon o¥ine Navia, 1930 (oym )

2 Choeon icerram Demouhin, 1947 (svn )

Clocon penciotvs Navas, 1931 (syn )

Cloeon smaviens Gamolhet & Rabearsoandro, NOT (coeb

Jovwnm amoawar Galaes, 1944

focon vergiioe (Bamard, 1912

Awrtrociocon virgtioe Bamard 1972 (ong

Avstrocioeon paladmorum Crans, 17 (yye )

» Clocon wwpshor Demovln, 1970 (comb )

lovom versdellam Lestage. 1923

Genus Craxssbwe Lago-Ortiz & McCafforty, 1996
msshwar Aada (Kopelhe, 1980)
Comroptivm A Kopelke, 1980 (ong )
Craxvbwyg Moo Lage-Oetiz & McCafferty, 1996 (comb )
manadwe M (Ceasa, 1947)
Comropalam fovam Crass, 197 (org )
Afrepeam Sovem Gilhes, 1990 (comb )
Cravsabud fovr LugoOmiz & McCaferty, |99 (comb )
ranrhwa boweoe (Kameans, |949)
Comropolum loweae Kinmans, |95 (onig )
Crassbwg owese Lago-Ovee & MoCafferns, 199 (combd )
s veres Navie, 1930
Controplam witrens Navds, 1930 (ong )

o Cravebwg vrea Lugo-Onmiz & McCaflerty, 199 (comb )

Grenes Dabdwlamansia | upo-Ommz & MoCaflenny 199

Datatomanaia Aohoors (Wallee, 1993)

Afropecium daboorume Wallce, 1993 (ong )

atalomarsns Achoors LugoOrtr & MoCaferty, 199 (comb |
tslammun o comond orang Canadliac, 2000 [Madagascar |
bulamans dvor Ganole & Elowaed 1999 [Madagascu |
Ahulomansse fce Luge- Ome & McCaflerty, 199
ohvlaman: g prgantes Gartolhee, 2000 [Madagascar |
NAamansa pladur Ganollat. NOC | Madagascar]
A aman g Medonae Laga-Omiz & McCafterry, 19%
hwamanc i syrovadi LagoOvie & McCalferty, 1997 [Madagascar |
Mabadamanonr s (Crass, 1947)

{omtroptsiam e Crass, 1947 foryg )
y Afropiniam s Gillles, 1990 (comb |

Dobsiamanzay st Lago-Oetiz & McCafforty, 19% (comb )
Moo modka (Crasm, 1947
5 Contropeinm modum Crass, 1947 (ong )

Arrogviium medum Galwes, 1990 (comd
» Datsiaonarcwe meda Lage-Ontiz & MoCaflerty, 1956 (comd )
b ubamane o rarsale (Gilbes. 199%0)

o fum carsale Gilhes, 1990 (onyg

Dabalamantg onsale Lapo-Ovtie & McCallerty, 1996 (comb )
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. 18 ™ Cratyod Valsgau s

Demeveping Lugo4 e & McCalten "

’ J ! L
» . erou of o h
MoCafferty & & ' 'S ]
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Al i b dea'mewan po-Ontiz & Mol aflerns i -
® FLdmulme war e Ot & MU ey |9
@ Gleasidfion Lupo-Ortr & Mo afony, |98
. o 4 r & Mol atlerny . .
. - . ¢ e &\ atfeny o
Gulsptilosdes Canolst & Saron L
. rpewes Dattolaat & Sartor 00 | Madagawa .
s Mertvossns VMoCatlferry & s Otz .
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. ronris edmaniiorne McCafferny & Lago-Ovexr, 1998 ‘Madagasca
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o Labwbacin fobwloss Lugo-Ortiz & McCaflferty, 1997 [Madagasca
Latwbantir fabslossy Lugo-Ortiz & McCaffferty. 1997 (ong )
Prewdocioeon fadulosws Lago-Ovtiz, McCafferty & Waltz, 1990 (comb )
Labodacryy fobwlassy Ganelhat, 2001 (comd

o Laobwbavesr pombaar (Gelhes, 1993
Naetis pamdace Gallies, 1993 jong
Labivboerss gomboae Lugo-Ortiz & McCafSerry 1997 (comb )

o Latdwsdaere pilien Ganoliat, 2001 [Madagascar

o [atubavro ompoenur Gastollag, 200] [Madagacar |

o Latwobaers plwmbago Lage-Owntiz & McCafferty, 1997 Madagascar|
Latsobaens plumbago Lago-Oviz & McCatforty, 1997 (o
Frewdockovon plambaye Lugo-Omz, McCallemy & 'Walz, 1995 (comb
[ hitacros puwmiign CGamollat, 0T (comd

® Latvuobders mprocerow Canollae, J (Madagascar |

® Latduobaetis pusciatay Ganelliat, 2001 [Madagascar)

© Lafodarty vadporty Gasollst, 200! [ Madegaicw |

24 Genes Malgwa Lugo-Ove & McCaffersy, 1997
© Mobywr addation: McCafferny, 2000
® Molagwr plamoa (Waillot, 1993)
Afropvnium plumcsve Walloe, 1993 torg )
Malygws plamose Lugo-Omaz & McCafferry, 1997 (comb )

25 Gemas Mickiops MCaferny, LugoOmz & Huber-Jumes, |97
o Mickopw Scosdatamy (Glgs, 1950
Atropuiiem Atropedosdes) Mcgmdatam Callses. 19% (ong )
ANk Moovdlanus \cCatfferny Oz & Barber-James, 1957 (comd

2% Conus Matelocioeon Galhes & Elosaed 19%0
o Marevockocon Ahoami Gilles & Elward. |7
® Mateiockseow corben (Kimmuss, 1950
Centroptdam corbet Kmmens, 194 (onig
Matelockoeon corben Gihes & Flowasd, 19% (comb )
® Muielocloeon thomasorum LugoOmiz & McCafSerty, 1997 (Madagascar|

2T Genen Sexapiiioides Demoskn, 1977 [Madagascu
® Newptilonses elex word (Demoslin, 1966 ) [Madagascu]
mrogvaam chectragveram Demoshing |94 (ong
Nesoptilodes e rmecha Demouhin, 197V invr
Nesoptilodes electropiera Garollae & Samvon, 1999 (comb

'S Gosws Nexpdeminy Lago-Ovniz & MoCallorty 199
® Nevpadomns podhemuronnm Lugo<Omiz & McCaflarty | 1998 [Madagascar |

29 Gesus Nigrobaens Noviona & Kluge, 1987
o Niygrodacta Aethanae Lago-Ovtur & de Moer, 2000
o Nagrehootar hanaad (Soldas, 1977
Noets Aarasab Soldan, 1977 (ong )
Nogredacte harased Lago-Onrz & de Moor, 2000 (comb )

W0 Gemn Ophelmetortoma Walts & McCafferty, 1587
® Upielmavostoma camerwnonse (Ulmer, 1920)
Presbonlocon comenwense Uimer, 1920 (onyg
Prosdwiooom p A Kinma, 1955 (392 )
Optsclmarortoma bommons: Waltz & McCafferty, 1987 (ym )
Cphe 'maovoma camerunesae Uilwes Flosasd & Waller, 1990

H Genes Pruhletle L ugo-Omae & McCaflerty, 1998
© foshiclio chranmay (Weallot, 199))
Atrapwiam chrrsimar Wisllor, 1995 (ong
o Pewhie NG chranmar | ugo-Ovir & MoCafTerty, 1998 (comb

31 Gemes Ptamociovon (nlhes, 1990
® Motamociovon dentatum (Kimmas, |95
iowen demaarum Kameung, 1946 (o0 )
Fotomocioeon dontarum Cullies, 1990 (combd )
Fosomocioven macaertvoram LugoOrtiz, 199 (o )
® Vodamocioven sp A Ganolsae, 2003 (Madaganscar |
o Mosamociooon sp B Gamolhae, 200) [Madagascar|
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® Psendockocon venasws Bamard, 1982
Prewdociocon vnmses Bamard, 1950 (ong )
Baetis vononss Chillies, 199 (comb )
Prewdoclocom momiuw Crass, M7 (sym )
Bocrs moosnes Gillies, 1994 (comb ., syn )
Latvobaeres vosonsy Lago-Ontiz & McCafferny, 1997 (comb )
Presdocioeon vwomm Lugo-Ortiz, McCafferty & Waltz, 1999 (comb )

3% Genws Pyendopansete Waltz & McCalSerty 1987
© Prosdocioeon comallor Gamolluat (w prvas) |Madagascar |
® Vreadypvamnoid Nergerard Flosard & Hideun. 1990
® Mrendopamnoia Sevtrand (Demodia, 1967
Prendocioven bertrgng Demoghin, 1967 (ong
Fuendopormnons berrand Waks & MoCafferry, 1987 (comd
® Prewmidopamnsin mocwlose (Crass, 1947)
> Poewdocioeon mocsfossm Crass, 1947 (ong )
Frevdoponmeote macwloss Elosard, Galses & Wallot, 19%0 (comb )
® Fresdopsawots modv s Fionaed & Gollies, 1990
o [resdopawots muguvinaey Elouad & Gillies, | 990
® Frendoparwons sartoen Elouard & Hideun, 19%0
® Prosdoparmots vincker (Demoshia, 1973) [Madagace|

16 Genes Rhhrocioren Collies, |583
o Bhwhrociocon ndicator Gilbes, 1988
® Phabeciovon permurum (Kopelhe 1980)
< lowom permiram Kopelke, 1980 (ong )
o Phithrockovon permorun Callies, 1995 (comd )

37 Gosus Riewpalum Ganothae, 1001 [Madagascar)
o Mcopaiiam o Gamolliat, 2007 [Madagascar]
©® Mncopedam fukomensis Gatollat. 2001 [Madagnear |

18 Genus Scasapativny Ganodlia, (2002 [Madagascar|
® Sowmopilum verraconwm Ganolee (2002 [Madagascar |

19 Genus Swrma Lago-Ontiz & McCaferty. 1998
o Surg numdanenss (Walloe, 1995)
Afrogniam svomclmenss Wallon, 1993 (ong )
o Swsna nandonerser LugoOmz & McCafferty, 1998 comb |

40 Gens Tansemiolla G, 1991
o Jampanveils sponng (nllies, 1991

4] Genun Nivanlobactodey Flouard & Hadeus, 1'5]
o vusioboartodes cummumovam Flouard & Madeus, | 91

41 Genus XNyrodromens Lugo-Omz & MoCafferry, 1997

. \.---h-nru gricema LugoOmz BNKCefferty, 1997

o Xirodromess mamgrong Lugo-Ovtr & MoCafferty | |97 | Madagascar )
© Nyrodromens modesnes Gamolbat (2002) [Madagascar |

o Nyrodromens sarory Gamolu (2007) (Madagaacar |

o Uyrudromens latpaipwr Gattolhua (200]) [Madagascar]

Suborder SETISURA
Superfamily HEPTAGENIOIDEA
Family HEPTAGENIIDAE Needham, 1901

| Genus Afronmras Lesage, 1924
® Atromnras aviherens (Navis, 193
Eodvomarses actheros Navis, 1950 (ong )
5 Aveuras avthereas Demouhia, 1965 (comb )
Afronwrs Acomand Schooebee. | 968
Afronwrns odponenss Pathe, 1971
Afromurns pllaess Corbet, 1962
Afremurns Aarraoom Barnaed. 193
Afromarus masvensis Samon & Flowed, 1950
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Suborder FURCATERGALIA
Superfamily EPHEMERELLOIDEA
Famuly TRICORY THIDAE | estage, 1942

Cenun Dicercomyzon Demouln, [954
Decercomyzon contale Kimmmins, 1957
Ivcercomyzon femorale Demoutn, 1954
I hoer o yzen spdstends Ulmer, 1910

Caents youtend Ulmer, 1909 (ong

Tracorytins yomerd Lostage, 1918 (comb

I vcercomyzon pistendn Demoslin 1984 (comb )

Incercomyzon mavpnanes Kmmins, 1947 (svn )
Dvcercompean verrerae Demoulin, [ 964

Uenns Madecassorythus |louard & Olanonomy, 1057 [Madagascar |
Madecaronythay hernw Flowed & Olanosom 1997 [Madagascar)
Madecarsorythas bnae Flouwd & Oiaronom, 1997 [Madagascar|
Madecarsoryihas ramananiasmiv Cloward & Olanonoay, 1997 [Madagasca |
Madecarvonythas raphacy Olanososy & Sence, 2000 [Madagasce|

Gesus Rosorythas Olunnery & Elosard, 1957 [Madagascu
Rarvrythas veolettar Obarmony & Eleuard. 1997 [Madagacs )
anorythas Aongrow Dlouwd & Oharnony, 1997 [Madagaca)

G Spinirythas Olarmony & Flousd 1998 [Malapocs |
Sounohns okt Flouard & Olarmosy | | 998 [Madagascs |

Srounthes marnw Oharscay & Douard. 1998 [Madagascar|
Spmnytha rosae Oharncay & Rabenaka, 1998 [Madagascu|

Cens Fracovyohgfler Loviage 940

Friconyihgter fapnans (Needbam, 1921)
Caensopsis fugiany Needbam, 1921 (ong )
Noodhomocamo Spitens Lowage, 1M (o part) (comb )
Traconythafer faptans Lestage, 1942 (comb )

e Tricorythas Esos, 1848
Trconythus absasmca Ulmer, 1930
Newrocoenn ahyance Demoula, 1954 (ong )
Trconyshus obsssincd Olanmony . Flosand & Raberiaka, 1998 (comb )
Trconyth amdmnioane Olarsony & Eloawd 1599 [Madagascer |
ooy ohn Sundor (Bamecer 1839)
Onyophe discolor Barmeister, 1539 (orig )
Clocon ducofor Walker, 1843 (comb )
Caoms disowior Emton, 187 (comb )
Frcwrytiny daowlor Eaton. 1884 (comb )
Newocaenis discaior Demouln, 1954 (comb )
Trcorythas disowlor MeCaflferty & de Moor, 1994 (comb )
Fracomtbus fror Obannemy & Raberuia 1998 (Madagascar |
Frscorythas fascana | Navas, 19
Nesrocaenis Aucase Navas, 1916 (ong )
Frocorythus Aooma Oliarmony, Flosard & Raberala, 1995 (o0 )
Frcorythus gooadsans Flosand & Oliannony, 1958 [Madagascar |
Tricorthus reowne Olasrizony & Elouard, | 998 [Madagascar|
Trcorythu lanceokatur Ulmer, 1916
Frcorythas latss Ullmer, 1916
Fricorythar longwr Ulmer. 1916
Cavomin regar Navis, 1952 (org )
Caomis oollarn Navis, 1953 (comd )
Trcorythws puerrer Elosard & Obannoay, 1958 [Madagascar]
Triconothu pomcsu Navia, 1906
Newrovaess poscons Demouler, 1954 (ong
conths pomcns Oarmosy. Blosard & Rabenaka, 1998 (comb )
o rencwionss Barsard, 1942
' Newrocwena retacsdons Demsoshing, 1984 (onyg )

Trcorythas retacsdatas MoCafferty & de Moce, 1995 (comb )

N
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. A ool () v & Raberwba 1998 [Madsgaxca

. Aar wcnes Komanes, 1956

. nthur warab Sarmony & Rabonaka 1998 [Madagascu |

. ool (Koller & P "

Sl Aollar & Fiie A2 o
Ao vancawds Fak 865 (conmb

. ryohes wipens Rabenaka & armony. 998 (Madagascar)

.

Family EPHEMERYTHIDAE McCaflerty & Wang, 2000

o Fphemerythas (inlhes 198
. toas Jievmimur Kopelie 1958
. . 4 ALl B R Lises e
. - tihe ™
. ~ (LN Chilles, 198
. etk revient Domoulm, 1954

Farily MACHADORY THIDAE McCatlerty & Wang, 2000

Wachadorythus Demoulm 1959
. nohadorythur mocaiotss (Kimesens, |99
ot Kmmens, 1949 cony

s malageiw Demos i VY (wvr

fory Thas s wlane Elosard & s, 1999 (com

Familv: TELOGANODIDAE McCafforny & Wang, 1997

F phemereiiing L ostage. 1904

. werelion Aomand Lestage, 1924
Gemes Lostagelle Domoslin. 19N
. ¥ Iy o | Barmard, |99

voo d mbegplere Hamumd, |
. ¢ Aarrisony Barsard, 1932
Cmcr o Aarriseny Demodla, 197 g
w MeCallerny & de Moo, 1995 (comb

Vanohiphelia Aller

. Alen
Sadiwetelda \ o & Warg 1998 y MoCafferty & Wy 27T s
® Nadmetedia Moty (Demodin, 1970)
e Mook Demculs, 1970 é
A o MeCafforry & Wang, |7 (hem
uM il & Wang et R
o Nandnet s (Alles & FEdmunds 1980
mereliing (ng Allen & Edmunds, |9 “§)
MeCaftorny & Wang 1V bore
McCalferny & Wang 1998 (comi
¢ ¢ i pean [Madagawcw| Eloasd et 0 200
Family TELOGANELLIDAE McCafferty & Wang, 2000 [Madagacar
slescnbed peaus and specres Madagson | MoCaferny & Wang, N
Superfamily CAENOIDEA
Family CAENIDAE Ulmer, 1920
Afrocaens o L
. ’ row [y 'y
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® Afvocaens mayor (Gilles, 1977
Caenonpelia maor Chlbes, 1977 (ong )
Afrocaener maor Gillies, 1982 (comd

1 Genus Afrwcercans Maleacher |5%7
® Afroceross forc s Malracher, 1987

enus Barnerdare McCaferty & Provoasha, | 994

o Marmordora demoors MoCaffors & Provossba 195

& Uenes Cannis Stephens, | 455
® Caoms aathiopwca Navie, 194
® { aomes aosar Malzacher, |19
® [ aomis omwelwoama Malracher, |99
¢ Caents Ao Demochn, 1970
® Uavnis Aermers Kmmens, 1944
® Cawnir Arevpey Kmmsns, 1546
Caensmedes Arevpes Thew, 1960 (onig
C aemir brevapes Malzacher, 1993 (comb
© { aemiy capensss (Barmed 1530)
Adssrrocoens capvenasy Barnaed, 1932 (eng )
Corms cupenny McCalferny & de Moo, 1995 (comb |
® ( aomey oibarss Batom, 1K
Comr obarsg Laton, 1879 (ong )
C aemomedes ovara Thew, 1960 (gomb )
Cooms cbarss Malzaches, 1997 (comb )
© C aemey conctar Demonlin, 1956
Comomedos cwons Demosdin, 1965 (ong
C oomes cmona Malzacher, 1991 (comb
® [ aenus corbery Malsacher, 1990
o [ oo doaplaw Malracher 1991
Coomis cobarng Ulmer, 1906 (nex Eaton 1879 (hem. swvm )
sonntes cdona Ulmer, 1924 (oomd )
{aenondes almers Kunmusn, 1949 (tenan )
aents whmers Makzacher. 199 (comb )
ponis dosgianr Malzacher, 1991 (renam ) (hom Caentr wieer Brodshy
© {oemes dwodecime Malracher 199
©® { avnes addounds Kurmums, (Y0
® Cavmer elowand Malzacher, 1990
o ( aeney Ao Navas, 1927
® {aemes phhama Malzacher, | 990
® Caemes prilvens Maleache:, 1990
® Caemey ifiexa (Kolpelke, 198)
C aemomedes wfiena Kolpele, 1981 (ong )
Canner mflona Malzacher, 199) (comb )
© Caoniy popan (Kimmies, 1956
C aemodes ppons Kimenges, 1956 (ong )
Caoomis popans Malzacher, 1993 (comb )
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© L avnur nowiew Gallies & Know bes, |9
® L avmis bveenns Demoulin, 19%6
Caenis brveemis Demoghin, 1956 (onyg
{aenomedes bveenns Thew, 1980 (comb )
L aemis Brveemus Malzacher. 1) icomb
® C aemes hwngs Babon, 1879
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{aenodes bangy Thew, 1960 (comb
{ aemur bwngs Malzacher, 1995 (comb
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® [ avnis nervwdoss Malzacher, 1990
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Genun Palingrnie Hurmenter, 1839
Palwmpenig aparris Demoulin, 1964

Family POLYMITARCYIDAE Ulmer, 1920

Cenn Afraplocie Lostage, 1939

o Afropdocas sampuony (Barmard, 1937
Exesttyplocss sampeory Bamard, 1917 (onig
{fropioons samprony Lestage, 1955 (comb )

Cenan Ephoven W ilianscn, 1802
Ephorom savapey (P, 1843)
Fabmpena savigrmys Picrer, 1845 (g )

Fodymasars s svgona Faton, |571 (conk )
Fodymatarcys savigmys Eaton, 188 (comb
Fohymuaroys capesns Esben-Posersea. 1913 v
P ymanar s dome vt Navas, 1916 (svr

Ephorom savpont Speeth, | 980 (comb

! Gonus Poville Navas, 1912
& Fowila sl Navs, 1912

4 Goauis Prebescidoplocia Demeula, | %06 [Madagascw

o Frodososdopiocas anberny Elosard & Sanon, 1997 |[Madagascar

® Prodascadopiooss iy Elosard & Sanon, 1997 [Madagasc

o Probuscsdopiocas lepdassermerae Elosard & Sanoe, 1997 [Madagaswca
Soscrdoprocar mapdelemer Elosard & Santon, 1997 [Madagascar |
oo akopsocnt moogfern s Elouard & Sanen 1999 | Mada gascar |

e adhpdon i rafesioe Elouard & Sanen 1997 [Madagncsr |
Proboscadeplocns sstora (Vaamére, 189%) [Madagascar)

athnplocas mborsy Vaswére, 1895 (ong

Woscadopdoons stonm Demoshing 1964 (comb )
Frodoscasgvocn vavaverey Blosand & Sanon, 1997 [Madagascs

Superfamily LEPTOPHLEBIOIDEA
Fandly LEPTOPHLEBIDAE Ulmer 1920

Cenus Adenophiedia Eaton, 188
Ldenophichae aurxalons (Eston 1871)
Lopsophiiebw avrscwlats Fatos, 187 ) (onyg
Adenacpilobis onrsowans Darmard. 1932 (comd )
fhemopiietag Aargvom Navas, |
Gdem gt letnn dalovums (Walker | | s
Ephcmera dalocams Wallker 1860 (oeg )
Leptapiiehiz Safocany Estos, 1871 (comb
Adrmophietos Ao Fatom [RR] (comd )
Ademopiiebas westermansy Eshes Petersen. 1918 (syn)
Eabenopalohia wertermamn Lestage. 1924 (comb | wye
o Ademopiletos mfacats Navas, 1934
o Ademopmliotia pervmgucvella Lestape 1§74
Adomopnoboa svune Crass | 947

Gemms Ademaphiodindey Uimer 1924

o Admupnle oy adrent Plosard- Midea & Fouwd 199

swodor (Crass. 197

Wk dor Crans, 147 (ong )

Habropiieton dodamarer Vermer, 1951 (syn )
Admopicdindes Soovor Eémends, 1993 (comd

© Adenopin'chindes callusor Elouard-Hideus & Flowsd 199

© Adenopiichindes decoratus (Navas, 193]

Adenophichia decora Navas, 193] (ong )
demopin'chionde s devorame Marber, | 955 (comd
Ldemopdn'cMvodes decoriney Elouard- Hideus & Elosnd 1990 (comb )
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o Adoncpiichinder maronels Agnew, 1961
o Ademegpiictiondes mavrrre Floused-Hadeoun & Flosud 191
o Ademcphirtindes omaa Ulmer, 19106

o Almerwirtindes rwbewr Dlosard hdeax & | oux ”l

1 Gene Aprssmyx Hamaed |98

™ ok arpss Bamad, 190
. i r avtermedhur Bamaed, 1932
. o x Aaalicse (Lestage, 1924)
Artopin'chig sabwlars Faben-Petersen [91) (nec Faton | 584 (ong
alopiledig nadca Lestage, 1924 (comb | resam . bom
sy acsafice Bamard, 1932 (comb )
priveny mataficwy Demoahin, 1970 (spell )
o dpwwmnx peline adulan (Faden-Peteren
Aopn'edia pella ks |shen-Petersen 1920 (ong
peromw pelucadalay Barsard 1932 (comb
. sery | Lowtage, 1924
W pesersem Lesape, 1924 long
prionx petersesy Bamaed, 1950 (comb )
. pr aAcanio Barssed 1932

o Apwnr Asbatony (Ratos, 1884

S tabwiarie Fason | N84 (org

Lanopniodia phococero Lestage, 1904 (v
o whsdary Barsard 19V

. v sk Crass, |7

o Cavanophiodss Barace 191
Paam PR g P cawie Ramard 19U
A e S cafuks Barnaed 1972

L

Cemas Chovgderpes Eavon. 1881
® { Aoroterpes ndedele Apnew, |90

o Chorterpes nigrescens Barnaed, 1932

6« Fathrguius Namard, 1902
L faraheca Samour & Celles, |99
o [ athvrusi Papundenio Kingrans, 154
o [athrosiw cwrrnr Kimmuss, 195
® ! athroniur elegons Bamand 1932

C hovsverpes oo Peters & BEdmunds, 1964 (ong )
sthrasis elepan Mo aflorty & de Moor, 1995 1comd

o [ athroniur mopeacwieate Kopelke, 198

o | armruminy sgrmeAincer Peters, 1980 [Comoros|
® Jathvaninr treewoats (e, 1957

o Lathrasiws mambarae Cinlbes, 1987

vt Falleta Nawn 173
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1 Denas Nywlophichis Demosiin [958

. yoiule M demoslog (K imemms, |
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o opiiedig demonlne MeCatllerty & d¢ Moo, 1994 (comb )
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e
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CHAPTER 3

ODONATA

hy

M.J Samways & B.C. Wilmot

The nsect order Odonata in Africa comprises two main suborders: the Zyg-
optera, or damselflies, and the Anisoptera, or true dragonflies (Fig. 3.1A, B). A
third small Asian suborder, the Anisozygoptera (comprising only two species),
has features of both the other suborders. The name ‘Odonata’ is a shortened
form of 'Odognatha’. which means “toothed jaw', referring to their strong
mandibles

Ihere are about 5000 species of Odonata worldwide, with a dozen or
so new species being described each year. Important world catalogues are
Davies & Tobin (1984, 1985) and Bridges (1994). The suborder Zygoptera
is made up of 22 families and the Anisoptera of seven families. In South
Africa, there are seven zygopteran and four anisopteran families.

Dragonflies and damselflies are abundant throughout the world except
in permanently frozen or arid regions, some species reaching as far north
as Alaska and northern Russia. They are generally good colonizers,
although only one species has reached and colonized the world's remotest
island, Easter Island (Samways & Osborn 1998).

I'he biology of Odonata has been reviewed by Corbet (1999). In
this chapter, we shall only consider the young, growing larval stage
that inhabits water. Adults represent the aerial, dispersal and reproductive
stage, and do not grow after their emergence from the final instar aquatic
larva (Fig. 3.2A). The term ‘larva’ is used for the immature stage because it
is fundamentally different in form from the adult. In the older literature the
term ‘nymph’ is used, which normally refers to young stages that are simi-
lar in form and function to the adults, which is not the case in Odonata.

Habitar preferences

Dragonflies and damselflies occur in virtually every type of freshwater
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body from small, very warm temporary pools on granite outcrops, where
temperatures may exceed 33 °C, to large, cold lakes. Many southem African
species prefer the well-lit, weedy margins of pools, streams and rivers,
(Samways et al. 1996). Odonata are relatively intolerant of saline condi-
tions above about 10% seawater, although in Canada one species tolerates
the equivalent of 44.4 % seawater

Although odonate larvae are almost always aquatic, a terrestnal species
has been found in Australia (Watson et al. 1991). In South America, some
species live in the water-filled tree holes and centres of bromeliad plants,
where they feed on mosquito larvae. Other species live in streams and
rivers or among algae and mosses at waterfalls. In Africa, some of the fast-
est streams and rivers are inhabited by Odonata, some larvae being surpris-
ingly tolerant of high silt loads. In the dry winters when rivers stop flow-
ing some species are able to survive in soft mud and await the return of the
rains before completing their development.

Feeding

Odonate larvae are mostly opportunist predators, feeding on a variety
of prey including insect larvae, small crustaceans, oligochaetes, and, in the
case of large individuals in some species, even small fishes. Although
regarded as generalists, they nevertheless have some preferences for prey
type and size. They will also switch prey type as the larva grows, or when
a more suitable source of food becomes available. Larval feeding patterns
can be divided into ‘sit-and-ambush’ or ‘active searching' strategies. Ambush
predators wait amongst vegetation and grab prey as it passes. These larvae
tend 10 be camouflaged and inconspicuous and are commonly found in
permanent water where they may be susceptible to predation. The "active
searchers’ are usually found in temporary waters where predation from fish
is less likely, enabling the Odonata to search for prey with greater
impunity.

Fig. 3.1 Odomata. A-B, typical adults (dorsal views) A, zygopteran (note delicate body-form and
cqual-shaped wings) B antsopteran (note sobust hody-form and differently shaped fore- and hind wings)
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Odonate larvae have well-developed eves and detect prey by sight, but
sometimes also by touch or by sensing vibrations of the moving prey.
I'here are a few records of larvae eating dead prey such as midge larvae or
snails.

I'he way in which odonate larvae capture prey is quite remarkable. The
labium is long, hinged and extensible (Fig. 3.2B, C). When prey is targeted,
the labium is shot out in less than 25 milliseconds using a mechanism
based on stored elastic energy. The prey is grabbed with very sharp hooks
on the tip of the labium and returned to the mouth where it is masticated
by strong mandibles before being swallowed.

Fig. 3.2, A, process of emergence from larva o sdelt, lem g cxuviac behund. with arrows indicating
the sequence of the process. B-C, larval feeding behanvsour as dlustrated i a typacal rvpopicran larva

B. labium in resting position, C, labsam i fully-extended positcon (amowed) (Afler Samways &
Whatgley 197)
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Reproduction and life cycle

Adult Odonata have a complex mating procedure. The male has secon-
dary genitalia on the anterior undersurface of the abdomen. Before mating,
sperm are transferred from the tip of the abdomen to a recess in the secon-
dary genitalia by bending the tip of the abdomen down and forwards
Then, usually during flight, the male clasps the female behind the head (in
dragonflies) or the prothorax (in damselflies) using the claspers on the tip
of his abdomen. The female responds by curving her abdomen underneath
until it reaches and couples with the male’s secondary genitalia, and sperm
is then transferred to the female. This ‘wheel position' (Fig. 3.3A), in which
the male and female form a circle, is often seen in the field. In some spe-
cies, the male uses a small filamentous scraper at the end of his penis to
remove sperm previously deposited by rival males, before intromission of
his own sperm.

The eggs are laid soon after mating. During this time, the pair may
remain with the male still clasping the female, and 'in tandem’. The eggs are
cither inserted into plant material (endophytic oviposition) (Fig. 3.3B) or
simply cast on the surface of the water by means of the female dipping her
abdomen into the water (exophytic oviposition) (Fig. 3.3C). Some dam-
selflies may go several centimetres under the water to oviposit low down
on plant stems, sometimes while the male is still attached to the female. In
this case, a trapped air pocket, known as a ‘plastron’, forms around their
bodies giving them a silvery sheen. Copulating couples sometimes remain
submerged in this way for longer than 30 minutes.

The egg stage may last from a few days to several months, according to
species and temperature. The egg hatches into the first instar larva, called

Fig. 3.3. Odonata copulation and oviposition. A, par of mating dragonflees in the ‘wheel’ position
B endophytic oviposstion, cgps bemg laid insude plant tssue C, exophytic aviposition, eggs being lad
directly onto the water surface (Note that the males remain attached 10, and guard the females during
both exophytic and endophytic oviposition) (After Samways & Whaseley 1997)




164 Freshwater Invertebrate Guide 7: Insecta |

the prolarva, which after a few seconds or minutes, moults into the second
instar, the first free-living trophic larval stage. Development rate depends on
the season, the particular species, whether there is diapause or not, time of
year, the prevailing temperature, and food availability. Some species over-
winter as eggs and others as larvae, but rarely as adults. The number of
instars (counting the prolarva as number one) generally ranges from
nine to seventeen

I'here is no pupal stage. Often at night, when the larva is about to
become an adult, it climbs out of the water and, depending on the species,
onto a reed stem (Fig. 3.2A), rock or stream bank. The larva swallows air
and expands its body so that its dorsal surface splits. The adult then pulls
itself through the split and frees itself. Blood flows into the soft, silvery
wings, expanding them into the ngid structures of the adult. In the moming,
the voung adult, known as the teneral, is ready to take to the air. At this
stage, the body colour is muted and the males look very similar to the
females. Both sexes then move away from the water for several days
(although several weeks to months have been occasionally recorded) to
mature. Once their bodies have hardened and coloured males may return to
the water's edge, but females usually only return to water to mate and lay

cges

Collection

Larvae are readily collected in most pools, impoundments, streams and
rivers using a simple dip net with a long, lightweight pole. A swimming
pool leaf net is ideal for most purposes, although a stouter frame may be
needed for collection among thick weeds and rushes. Afier vigorously
'shovelling’ the net back and forth among water weed, along rushes and
beside banks, it is removed and examined, and the individual larvae are
picked out with very soft, flexible forceps (to prevent damage 1o fragile
structures), and placed in a shallow, white tray for sorting.

For accurate identification of the larva, it is generally necessary to rear
them to adults. For this purpose, only large and, preferably final-instar
larvae, should be kept Final-instar larvae are readily recognized by the
very prominent wing sheaths lying centrally and dorsally along their body, ex-
tending to beyond the third, and usually to the sixth, abdom nal segment.
I'he larvae are placed individually into open-top plastic or glass phials
with netting, held in place with an elastic band over the opening. If more
than one larva is put in a phial there is often cannibalism, with only the
largest larva surviving! The phials are then immersed in & large insu-
lated box (such as a picnic cool-box) containing water from the col-
lecting site. A battery-driven aquarium acrator may optionally be used
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to oxygenate the water. It is critical not to leave the cool-box in the direct
sunlight, or inside a motor vehicle

Rearing

Larvac of most species survive and grow very well in the laboratory,
preferably in an airy, shaded room. Trays are set up to contain a 2-3 ¢m
depth of dechlorinated water (i.e. water that has been left to stand over-
night). Larvac are then transferred from the collecting phials to small rear-
ing cages made out of plastic netting (mesh size about 2-3 mm) rolled into
cylinders of about 6 cm width and 15 cm height and sealed at the 1op with
an inverted plastic petri dish (Fig. 3.4). To avoid cannibalism and to en-
sure the correct association of larvae and adults, only one larva should be
placed into each cage. It is not necessary to put any sticks or stones inside
the cage (onto which the emerging adult can climb), as the larvae of all spe-
cies use the sides of cages for this purpose.

The water inside the cage must be aerated. Food is provided principally
as mosquito larvae or small tadpoles netted from a nearby pool or rain
barrel. Occasional small odonate larvae can be used to supplement the
mosquito larvae and tadpoles. Food is placed inside the mesh cage by
lifting the petri dish. Larvae should be fed daily and uneaten or rotten food
must be removed from cages on a regular basis.

peen dish IJ ll

net Gage

| e

Fig. 34. Appamtus used for rearing an odonate larva through 1o the adult stage




166 Freshwater Invertebrate Guide 7: Insecta |

After several hours to days, and usually during the night or early morn-
ing, the larva will leave the water and climb up the side netting of the cage.
It will stop at the highest point where it emerges. The remaining
shuck' (or, more correctly, the exuviae) should be collected and retained
in a phial containing 75 % ethyl alcohol. After a couple of days, the adult
should also be placed in the same phial. The data label must be written in
pencil and placed inside the phial, to ensure that it will not get lost

MORPHOLOGICAL FEATURES OF ODONATE LARVAE

Although it is in the larval stage rather than the adult, that shows the
greatest adaptive radiation in functional morphology (Corbet 1999), the
body plan is the same, and the body parts bear the same names for both
stages

Compared with the adult, the head of the larva is not so freely move-
able and is relatively smaller. The thorax is simpler, and the legs are
further apart and adapted for walking, and not for catching prey as in the
adult. The larvae of the Zygoptera are longer and more slender than those
of the Anisoptera. The head i1s much wider than the thorax or abdomen,
and the antennae relatively much longer (Fig. 3.5A, B). The antenna is
composed of large first and second segments and then a series of finer
segments termed the ‘flagellum’ (Fig. 3.5D).
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The labium (Figs 3.28B, C & 36A, B) is folded upon itself at mid-
length and at rest extends posteriorly to between the forelegs, or in some
genera, to the middle legs or beyond. The prementum, which is the ante-
rior half of the labium, varies widely in shape (Fig 3.6). The simple, flat
rectangular or triangular form typical of the Gomphidae, Aeshnidae and most
Zygoptera, differs from the strongly ladle-shaped form of the Lestidae and
the deeply concave form, with its broad labial palps forming a basket-like
arrangement, of the Libellulidae and Corduliidae. (See details on features
of morphological impertance below)

Ihe prementum bears a pair of strong. hinged labial palps (Fig. 3.6A)
In some taxa these labial palps are armed with hooks, spires, teeth and/or
setac (Fig. 3.6A, C, D). They also usually bear strong palpal setae on
dorsal surface and often terminates in an apical projection, the end hook
(Fig 3.6 D). The median lobe of the prementum, which varies with family
and genus in outline, and in being incised with a median cleft (Fig. 3.6A)
or not, is an important diagnostic character. Corbet (1953) gives a detailed
account of the widely used terminology for the labium. An important
aspect of this terminology is the formulae used for the number of main
setae on the labial palp and on the prementum. Setae come in mirror-image
groups, either side of the midline of the labium. For the labial palps, this
means a group of setae on ¢ach palp. The number of setae on each palp is
written as a number separated by an ampersand, (e.g. 3 & 3, means three
large sctac on cach labial palp). Often there is variation between indi-
viduals and different individuals of the same species with, say, three to
five setae on cach palp would mean that the species as a whole would
be designated 3-5 & 3-5. A similar situation prevails with the premen-
tum, although the two groups of setae in each half are separated in the for-
mula by a plus sign (e.g '3+3' means three large setae in each half of the
prementum). Vanation between individuals with, say, three to five setae in
each half of the prementum would mean that the species would be desig-
nated 3-5 + 3-5'. These setal formulae can also be applied to groups of
species within one genus or one family. In this context, the formula '3-5 &
3-5' for a genus or family would mean that in that group different in-
dividuals and/or species differed in having between three and five setae
on each labial palp. Similarly, 3-5 + 3-5" would mean that differ-
ent individuals or species differed in having between three and five setae
in each half of the prementum.

The features which are of diagnostic importance in separating the
different taxa Odonata are listed from page 170172
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with Rarge dentatsons on the distal margin and palpal setae (4 & 4 sctal configuration ), D, dorsal view
of a labial palp with a large end hook and intermediate hooks
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FEATURES OF DIAGNOSTIC IMPORTANCE

GENERAL APPEARANCE

* Slender, with candal lamellae (Fig. 3.5A) or stout, or robust with an
anal pyramid (Fig 3.58)
* body shape rounded (Fig. 3.12A1) or parallel-sided fusiform (Fig. 3.12A2)

HEAD

*  With angular margins (Fig. 3.1081) or rounded margins (Fig. 3.10B2).

* Head shape rounded (Fig. 3.14A1) or more rectangular (Fig. 3.14A2)

* With frontal horn and post-ocular tubercles (Fig. 3.16A1) or without
these features (Fig. 3.16A2)

* With small eyes (Fig. 3.18D1) or large eyes (Fig. 3.18D2).

Antennae

*  With four segments, the last being very small (Fig. 3.11A1) or with six
or seven segments and gradually tapering (Fig. 3.11A2).

* With a long third segment (Fig. 3.12B1) or a shorter third segment
(Fig. 3.12B2)

Labium

I'he prementum

* Anterior margin of prementum: deeply incised (Fig 3.7B1) or
shallowly incised (Figs 3.7B2 & 3.10E2) or indented (Fig 3.10E1)

* Shape of prementum: ladle-shaped (Fig. 3.7D1) or tnangular-shaped
(Fig 3.7D2): flat and clongated (Fig. 3.11B1) or concave with palps
forming a basket (Fig 3.11 B2)

*  Presence of setae on moveable hook (Fig 3.7D1)

* Length of prementum: long, reaching hindlegs (Fig. 3.14E1) or shorter,
reaching just beyond forelegs (Fig. 3.14B2)

* Premental setal configuration: 4+4 (Fig. 3.10D1) or 545 (Fig. 3.10D2),
or other combinations

* No premental setae (Fig. 3.7D1, 2)

Labial Palps

* Palpal setal configuration: 6 & 6 (Fig. 3.11C2)or | & | or 5-7 & 5-7
(Fig. 3.20 Al)or3-4 & 3-4 (Fig. 3.20 A2)or 11-12 & 1112
(Fig. 3.20C)or 12-14 & 12-14 (Fig. 3.20D1).

* With dentations or strong crenations (Figs 3.6C & 3.18A1) or weak
crenations (Fig. 3.18A2).

*  With weak crenations (Fig. 3.20D2) or smooth edged (Fig. 3.20D1).

*  With spots (Fig. 3.18A2) or without spots (Fig. 3.20A1)
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THORAX
* Wing sheaths parallel (Fig. 3.12C2) or divergent (Fig. 3.12C1)
* Thorax same width as head (Fig. 3.18C1) or narrower (Fig. 3.18C2).

ABDOMEN
Abdominal segments

* Segment 10 long and tapering (Fig. 3.12D1) or long and divergent
(Fig. 3.12D2).

* Segment 10 short and wider (Fig. 3.12E1) or long and namow (Fig. 3.12E1).

* Segment 9 without spines (Fig. 3.18E1) or with spines (Fig. 3.18E2)

* Segments 8 & 9 both with short spines (Fig. 3.20 El) or with long
spines (Fig. 3.20E2).

* Dorsal abdominal spines present on segments 5-9 (Fig. 3.13D) or not
present on these segments (Fig. 3.13F)

* Dorsal abdominal spines very strong and pointing upwards (Fig. 3 20F1)
or moderately strong and pointing backwards (Fig. 3.20F2).

Caudal appendages

* Rounded (Fig. 3.7C1) or pointed (Fig. 3.7C2).

* Banded (Fig. 3.7C1) or not banded (Fig. 3.7C2).

* Triquetral (triangular in cross section) (Fig. 3.7E1) or flattened lamellate
(Fig. 3.7E2).

*  With pedicel (Figs. 3.7E2 & 3.10C2) or without pedicel (Fig. 3.7C1.2).

* Wide and without node (Fig. 3.10A1) or long and narrow with node
(Fig. 3.10A2).

* Long and tapering (Fig. 3.10C1) or leaf-like/lamellate (Fig. 3.10C2).

Anal pyramid
* Long and prominent (Fig. 3.18E1) or short and retracted (Fig. 3.18E2).

In Odonata the abdomen of the larva is much shorter than that of the
adult, this being particularly 50 in most Anisoptera. The larval abdomen may
be relatively long, slender and tapering in the Zygoptera (Figs 3.8 & 3.9), and
in the Aeshnidae (Fig 3.15). It may be blunt-tipped, even broad and subcir-
cular, in some Gomphidae (Fig. 3.13B) and in Phvllomacroma (Corduliidae:
Fig 3.17A). In the Anisoptera and in a few Zygoptera, the abdominal
tergites often have sharp, lateral projections, the lateral spines (Fig 3.2).
There may also be variously-shaped medio-dorsal projections in the
form of spines or hooks on the posterior margin of the abdominal seg-
ments. On the sterite of segment 2 of the male larva or exuviae, the rudi-
ments of the adult genitalia can often be seen as swellings, and the devel-
oping ovipositor of the female is usually visible in the stenal region of
segment 9.
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The tip of the abdomen is composed of projections that are made up of
a dorsal epiproct and two lateral paraprocts which surround the anal opening
of the rectal chamber. Two cerci are also present in the final-instar larva.
In the Anisoptera, these form the anal pyramid (Fig. 3.5B, C). In the
Zygoptera, the epiproct and the paraprocts are specialized to form the
three (sometimes only two) caudal appendages (sometimes called ‘caudal
lamellae' or 'caudal gills'), which are so characteristic of this group.
(Fig. 3.2A & 3.5A). A vanety of different larval forms are illustrated in
Figs 3.8,39,3.13,3.15,3.17,3.19 & 3.21.

ODONATA IN SOUTHERN AFRICA

The Appendix to this chapter (p. 201) lists the species recorded to date
in southern Africa (Samways, In Press a). This list is unlikely to be com-
plete as more exploration is needed, especially in Angola and Mozam-
bique.

The region has several species that are threatened. These are discussed
and assigned IUCN Categories of Threar (IUCN 2000) in Samways (1996,
1999, 2002, In Press b)

NOTES ON THE ODONATA KEYS THAT FOLLOW

I'he keys provided below can only be used for the final-instar larva or
the exuviae since the measurements given here refer specifically to the
final instar larva which can be recognized by its wing sheaths that extend
beyond the third abdominal segment. These wing sheaths generally reach
the posterior edge of segment 4, but, depending on the shape of the larval
abdomen and the positioning of the wing sheaths, they may reach beyond
this point. In order to determine the correct number of particular abdomi-
nal segments, it is ofien easier to count backwards from the last or tenth
abdominal segment (i.¢. excluding the caudal appendages or anal pyramid)
since the basal segments may be difficult to distinguish

‘Body length’ refers to the distance from the front margin of the head,
excluding the antennae, to the posterior tip of the abdomen, including the
anal pyramid in Anisoptera but excluding the caudal appendages in Zygoptera.

Although the southern African odonate fauna are well documented
(Pinhey 1961, 1976, 1981, 1984a, b, 1985; Curtis, 1991; Barlow, 1996,
Samways, 1999, and references therein) this is really only the case for the
adults. The larvae are very poorly known, even at the generic level. For
this reason, these keys are very provisional, and will hopefully provide a
stimulus for more collecting, rearing and description of undescribed larvae

Many species of Odonata have specific habitat preferences, geographi-
cal distnbutions, and rarity values. This helps considerably in narrowing
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down the possible species for the purpose of identification. A brief over-
view of the distributions of individual species is given in the appendix at the
end of this chapter

"

KEY TO SUBORDERS OF ODONATA

Larvae long and slender (Fig. 3. SA); head as wide as or wider than thorax
or abdomen; abdomen principally cylindrical, not widening behind the base,
and terminating in three (rarely two) caudal appendages that are lamellate or
(rarely) triquetral (triangular in cross muonHFlg 3.7B1) .. :

Zy;opten' (p. l’3 llu))

Lnrvac swul and robust(hg. 35B): hcad usuallx narrower than thorax or abdomen,
abdomen widening from base 1o middle or beyond and without external caudal
appendages, abdomen terminating in five (in final instar) spine-like processes
making up the anal pyramid (Fig. 3.5B, C).........Anisoptera (page 180-197)

Zygopecran larvae readily lose ome or more candal appendages due to injury or danng caplure
Ao, candal appendages lost carly on we regencrmied. and therefore may ot be full size when the
larva s captured

KEY TO FINAL INSTAR LARVAE AND EXUVIAE OF ZYGOPTERAN
FAMILIES IN SOUTHERN AFRICA

Antenna with long first segment, at least as long as the remaining six \tbmgnl\
of the antenna (Fig. 3.7Al) ............. .
Antenna with short first segment, shorter lhan rcmammg segmcms oi antenna
(Fig. 3.7A2)... e T PO ..

Antenna with first segment equal to or slightly longer than rest of antenna.
prementum moderately ladle-shaped with median lobe deeply incised. and
extending proximal to articulations of labial palps (Fig. 3.7B1); abdomen
long and cylindrical; three caudal q:pendagcvc of similar kengths and lamellate
Calopterygidae

Anlt:nna vnlh ﬂm wg,mem twice lhc lcnglh of rest of antenna; prementum flat
and triangular in outline, with median lobe only shallowly incised (Fig. 3. 7B2),
if at all; abdomen tends to be broad and flattened; median caudal appendage
rudimentary mahscm.laenlmmdagesmrmlmg 3.7E1)

Chlorocyphidae

Labial palps without dorsal setae; caudal appendages apically very rounded
and with a broad, dark band (Fig. 3.7C1). 3 oo Synlestidae
Labial palps with dorsal setae; caudal appcndagcs lu\ roundcd and without a
broad, dark band (Fig. 3.7C2) ............... - ——

Prementum strongly ladle-shaped with median lobe incised (Fig. 3.7D1); mov-

able hook with setae (Fig. 3.7D1) .. - ... Lestidae
Prementum triangular with mednn lube not muscd (Flg 7D2); movable
hook without sctae .................. R P —
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5. Antenna with second segment longer than third (first flagellar segment);
prementum extends back only to base of forelegs (e.g. Fizg 3.14B2); 2 & 2
palpal setae; if premental setae present then caudal appendages triquetral
(Fig. 3.7E1); if premental setae absent or extremely small, caudal append-
ages lamellate and entire; caudal appendages with pedicels (Fig. 3.7E2) .

............. i Plll\cncmndid-e
Amcnm mlh w:umd SLLanI shurlcr than first ﬂabc‘lar u.&mcm prementum
extends back bevond base of forelegs (see Fig 3.14B1); palpal and premental
selae always present but range in number; caudal appendages lamellate and
simple or nodate, with or without pedicels PO — 6

6. Outer edge of prementum with fine setae (Fig. 3.7F1); 3-8 & 3-8 sctae
oncachpalpand 1 6+ 1-6 ptuncmal setae; caudal qapcndmm without pedicels
Cocenagrionidae
Outer edge of ;vuncmum with Iong series of stout, splmtom' setae (Fig. 3.7F2);
3&3 palp.\l setae and | + | premental setae; caudal appendages with pedicels
: . Protoncuridae

Synlestidae
(Fig. 3.8A)

I'wo genera occur in the region (see Appendix). To date, only the final-
instar larvac of Chlorolestes conspicuus (Barnard 1921, 1937), C. elegans
(Pinhey 1958) and C. fasciars (Samways and Whiteley 1997) have been
illustrated but not fully described

Lestidae
(Fig. 3.8B)

One genus, Lestes (ten species), has been recorded from the region (see
Appendix). The final-instar larvae of the following species have been de-
scnbed: L. icrericus (Pinhey 1961); L pallidus (Pinhey 1959); L. plagiatus
(Cammaerts 1966) and L. virgatus (Samways et al. 1992)

Protoncuridae

hree genera have been recorded from the region (see Appendix). The
final-instar larva of E. fremulata has been described by Bamard (1937),

Platyenemididae
(Fig. 3.8C, D)

Four genera have been recorded from the region (see Appendix). The char-
acters used in the following key are based on the descriptions of Allocnemis
lewcosticta by Bamard (1937) and of Mesocnemis singularis by Corbet
(1956) (under the former name Metacremis valida) and Pinhey (1959),
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PLATYCNEMIDIDAE FINAL INSTAR LARVAE AND EXUVIAF
KEY TO SOUTHERN AFRICAN GENERA

Introductory Note: Meracnemis has been omitted from this key as the
larvae of neither of the two rare South African endemic species, M angusta
and M valida, have been described

1. Antenna with first segment half the length of second segment; 1 + | premental
setae; caudal appendages thickened, median appendage sacceid and lozenge-
shaped, laterals triquetral (Fig. 3.7El); body length 16-17 mm; caudal
appendages 5-6 mm . veveesssee. Allocnemis (Fig. 3.8C)
Antenna with first segment less than half the length of second segment; no pre-
mental setae; caudal appendages lamellate; body length 14--16 mm; lateral
caudal appendages elongated, not triquetal; caudal appendages 5-6.5 mm ...

Wesocnemis \Fi!: 18D)

Coenagrionidae
(Fig. 3.9A,.B,C, D)

Seven genera have been recorded from the region (see Appendix)

Introductory note on the key o Coenagnonidae: The characters used in this key
are based on the generic and specific descriptions by Barnard (1937), Car-
chini et al. (1995), Chutier (1961, 1962), Corbet (1956b), Di Domenico et al.
(1996), Gardner (1983), Pinhey (1959, 1961) and Walker (1953).

I'he larva of Aciagrion is unknown, and is not included in the following
key. This preliminary key nevertheless serves for all South Africa, except at
Ndumo and Cape Vidal (in KwaZulu-Natal), where Aciogrion spp. occur. The
features for Teimobasis are based on those of an Asian species (7. ariel)
described by Lieftinck (1962).
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COENAGRIONIDAE FINAL INSTAR LARVAE AND EXUVIAE:
KEY TO SOUTHERN AFRICAN GENERA

1. 1+ 1 premental setae (as in Fig. 3.7F2); caudal appendages with or without

nodes (Fig. 3.10 A1, 2) ........... 2
4-6 + 4-6 premental setae (hg . 7F l) caudal appcndnges \mhout nodes
(Fig. 3.10A1) ......... e S o SN AR A 3

ro

Caudal appendages 4-5 mm long; hud largc relative to bedy length (head
width'body length ratio 1: 3.5); caudal appendages s:mplc lamellate, broadest
in distal half before obtusely pointed tip (Fig. 3.10A1) .. o .4
Caudal appendages 6-7 mm long, head not large rtlalnr o bud\ lcngt.h (hud
width/body length ratio 1: 4.5); caudal appendages elongate, nodate and usually
narrow with apices shortly acute (rounded in some species) (Fig. 3.10A2).......

.............................................. vvsene Pseudagrion (Fig. 3.9B)
3 Prcmcnmm straight 1o sllghlly concave, with maximum width less than length;

palpal sctac 7-9 & 7-9 .. . . Certagrion (Fig. 3.9A)
Prementum convex, with maximum mdxh equal lo lengv.h pdp:l sctae 4 & 4,
PO — PURTPEPO P — Temubauv

x5
R

é,

—

Fig. 3.9 Souhemn Afncan rygopteran arvae (dorsal views, B & D abo showing detl of plls) A Corngramn
v (Coomgrondet B Aocdgren govmonem (Coongonde ] C groowms pevas (Cocnagnonidac) (with
left antemma tremcated). D, Exallapme phaucien (Coonagrionsdac), E, Phaon wnidipessts (Callopterygidac)
(B & D after Samways & Whatckey 1997, A aflor Corbaet 1956h, C oy Carchs ot o 1995, £ aftey Conwnaerts
1967) Scale bay = 10 mm.
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4. Larva very small (body length less than 9.5 mm); postero-lateral margins of
head acutely angled (Fig. 3.10B1); caudal appendages very long and tapering
(Fig. 3.10C1) ......... conveendgriocnemis (Fig. 3.9C)

- Larva large (body length more lhan 9. ‘ mm); postero-lateral margins of head
rounded (Fig. 3.10B2); caudal appendages wider and more leaf-like(Fig. 3.10C2)

5. Premental sctae 4 + 4 (Fig. 3.10D1). abdomen with dark zig-zag lines (Fig. 3.9D).
average body length 9-10.5 mm; caudal appendages 3-5 mm long. .
.Enallagma (Fig. 3.9D)

Premcnull seue < S (Flg 3 IOD") abdomcn wnhoul dark zig-zag lines; body
length 13-14 mm; caudal appendages 6-6.5 mm long .. " ..fschnura

Calopterygidae
(Fig. 3.9E)

Two genera have been recorded from the region (see Appendix). Only
the larva of Phaon iridipermis has been described, by Cammaerts (1967),

Y/

rJ

T

Fig. 310 Diseguisheng feaees of zypopteran famebes and penera. A, lateral caudal sppendage AL widen-
mg » e Sstal hall (amowed) m Comagrion glabram, A2, with node (mrowed), i Pseslagmon hagenr
B head outlnes B, with angled lateral and postenor marpes (arrowed), = Agriocmems padeye. B2, with
moee Tounded laerw and posterse murpes (mowed), m Psesdagron permanen. C, Gaudel appendage
Cl, org and wpering, i Agroowmes pevianr, C2, kalHike, 0 Onlipe phacien D, promentum sctal confproon
DI, 4 = 4 setae, n Enallagma glawcwm. D2, § « § setae, i lschmura semegoienss. E. mangm of
prementum 1, ssdonted (amowed), inChoroopia s 2, mosed (amowed L m Pladopha calipa
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Chlorocyphidae

Two genera have been described from the region (see Appendix). Only
the larva of a central African Chlorocypha species, C. triafaria (formerly
C. straeleni), is known (Pinhey 1959). The larva of Platycypha caligata has
been described by Bamnard (1937) and Pinhey (1959).

CHLOROCYPHIDAE FINAL INSTAR LARVAE AND EXUVIAE
KEY TO SOUTHERN AFRICAN GENERA

1. Antenna with first segment three times the length of second segment; prementum
not incised, only indented (Fig. 3.10E1); tarsal claws slender ..., Chloracypha
Antenna with first segment two to two and a half times length of second segment;
prementum with short cleft (Flg 3.10. E2); tarsal claws short and mbusl

KEY TO ANISOPTERAN FAMILIES OF SOUTHERN AFRICA
(Figs 3.11-3.21)

1. Antenna of four segments (terminal one often minute) (Fig. 3.11A1); tarsi of
fore and middle legs of only two segments; ptcmcntum short, broad, squarish
and median lobe not incised .......... oo Gomphidae

- Antenna of six to eight segments (Fi lg 3 l lA’) all tarsi with three segments;

prementum flat and elongated or strongly concave; median lobe may or may

2. Prementum flat and clongated (Fig. 3.1 1B1), not square, with median lobe incised
at apex; usually no pt:memal setae, sometimes with palpal setae; abdomen
clongated .. S, .. Aeshnidae
Prementum suongl\ concave \th btoad Iabul palps fotmml. a basket-like

arrangement (Fig. 3.11B2); several premental and palpal setae; abdomen
L - 3

‘ws

Labial palps ending in deep crenations (i.e. demations) (Fig. 3.11C1); palpal
setae robust; legs usually very long (Fig. 3.17A-C), with hind femora longer
than width of head; anal pyramid short (shorter than median lenxth of S8)
(Fig. 3.17A-C); cerci normally over halflength ofparnptocts -

= Cordulndu
l ubul palpn mrI\ mlh dcep cm\wuns. bul in some speclcs crcnmons more
or less dc\elopcd (Fig. 3.11C2); palpal setae slender; legs variable in length,
usually shorter than in the Corduliidae (as in Figs 3.19 & 3.21); anal pyramid
variable in length, but usually longer than median length of S8 in those with
crenulated palps; cerci at most half length of paraprocts ............ Libellulidae
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Fig. 311 Dwstingushng featares of sopionn Seshos A asora AL wilh Sy seprents. i Comphadae. A2
with six 10 seven segments (m all favabies ovoept Gompludae) B, promenem shape (side view from iefl) B
fle and clongated (arowed), i Acdeadae. 2. concave with broad bl palps formang 2 haskict (amowed)

Condindx & Libcllubdac C, labaal palps, dorsal view C . ending = Joep crenations (amomed ). @ Cordula-
dae. C2, smooth or with cnly shallow and sregular ndentabions (armowed ). in most, but not all, Libelhulidae

1 Fag 3 15A0 Pamala
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Gomphidae
(Fig. 3.12 and 3.13)

Fourteen genera have been descnibed from the region (see Appendix). Full or
partial descriptions of gomphid larvae have been given by Corbet (1956a,
1956¢, 1957¢), Pinhey (1939, 1961) and Di Domenico et al.
following preliminary key does not include Diastaromma and Cimitigompine

for which larvae have not yvet been described.

‘ws

GOMPHIDAE FINAL INSTAR LARVAE AND EXUVIAE: KEY TO
SOUTHERN AFRICAN GENERA

Body, when viewed from above, extremely long and slender .
, R Ly ——— . Newrogomphus (Fig. 3 l"M
Body rounded or fusiform (Figs 3.12A1, 2 & 3.13B-H) ............. -l

Abdomen rounded and moderately flattened dorso-ventrally (Fig. 3.12A1) and
triangular in cross section; wing sheaths parallel (Fig 3.12 C2) and reaching
beyond the posterior margin of abdominal segment S . 3
Abdomen fusiform (Fig. 3.12A2) or parallel-sided, mndcr.ml\ dorso-ventrally
flattened (more cylindrical in exuviae) wing sheaths divergent (Fig. 3.12C1) or
parallel (Fig. 3.12C2) and reaching, at most, the posterior margin of seg-
ment S . PSP ; 4

Larva medium sized (total length = 27-31 mm); antenna with third segment
considerably longer than combined length of the first segment and second seg-
ment 1hg. 3.12B1); abdomen with dorsal spines on segments 2-8 (2-5 spike-
like, 6-7 blade-like, 8 poorly developed, a small protuberance just visible on
segment 9 and lateral spines on segments 4-9 ... Jetinogomphus (Fig 3.13B)
Larva small (total length =19-21 mm); antenna with third segment about
equal to combined length of the first segment and second segment (Fig. 3.12B2);
abdomen with dorsal spines on segments 6-9 ., : Gomphidia

Abdomen parallel-sided; larva small (total length =17-19 mm); latero-posterior
angles of head bluntly spined; antenna with third segment equal to combined
length of first two segments ........... Microgomphus
Abdomen fusiform; larva medium to l.n;_.c |.u|.|l crblh 20-56 mm). latero-
posterior angles of head rounded, without blunt spines; antenna with third
segment equal 1o, or greater than, combined length of first two segments .....5

Abdomen with tenth segment elongated and equal to or greater than combined
lengths of segments 8 and 9 (Fig. 3.12D1,D2) ........... ‘ 6
Abdomen with tenth segment not elongated and less than combined length of
segments 8 and 9 (Fig. 3.12E1, E2) uaanes 7

(1994). The
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above, | [erimogompine and Gomplndr, A2, paraliel ssdod Ssaform, n Gomphadee exoepet Lomogompdas and
Compvndic B, thind antenal sepment. B, long (svowed), | Kamogoeyvisar, B2, shorer (arrowed), in
Gomphudia €. wing sheath shape C1, highly divergent (armowed), in Phydlogompine and some other
pomphads, C2, panalic] (arrowed), i Lesumogomphus, and some other pomphids D, dorsal vaews of
107 sbdomninal segment DI, shightly comvergent and sbout equal 10 combaned length of scpments 8
and 9 (arrowed). in Pinylogospius, DI, shghtly dvenpot and knger tan the combenod longh of samenes §
ol 9 Growexd ). n Lesmopomgdas F. doosd view of 9 shdoenanad segment F1. shont and wede (mrowed), in
Osmychogompls. and some other goemphuds, B2, relatively long and narsow (arromed ). in Notogomglus
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Very large (total length greater than 48 mm); wing sheaths strongly divergent
(Fig. 3.12C1); abdomen with tenth segment slightly convergent and equal to
combmcd length of segments 8 and 9 (Fig. 3.12D1) .. -

!’Inllfrgomphmﬂ ig. 3.13C)
Small (total length less than 23 mm) wing sheaths parallzl (Fig. 3.12C2);
abdomen with tenth segment slightly divergent and greater than combined
length of segments 8 and 9 (Fig. 3.12D2) .. ..... Lestinogomphus (Fig. 3.13D)

Dorsal abdominal spines present (Fig. 3.13E); wing sheaths widely divergent
(Fig. 3.13G) PP ]
Dorsal abdominal s-pmesabscmqor a( most small protmbcrar.ces)(hg 3 HH)
wing sheaths parallel (Fig. 3.13H) (not divergent) or narrowly divergent ... 11

Dorsal abdominal spines only on segments 2 and 3 or 2-4 (at most, vestigial
spines on segments 4-5 or segments 5-9) ........ - cessassese 9
Abdominal segments 3-9 with small, sharp, pomu:d docul spmcs

——— . .. Ceratogomphus (Fig. 3.13E)

Antenna with fourth segment a strong curved seta, resembling a tarsal claw
(Fig. 3.13F,G), and as long as second segment (Fig. 3.12B1) ............... .10
Antenna with fourth segment diminutive (much shorter than any other seg-
T PR T Nepogomphoides

Abdomen with dorsal spines on segments 2-4 |, lateral spines on segments 7-9
long and distinct, larger than last (fourth) antennal segment

..... Crenigomphus (Fig. 3. l3l
Abdnmcn with dotsal spmes on scgmems 2 and 3, lateral spines on segments 7
and 8 very small, shorter than last antennal segment . .
Puragum;-hm (Fq, 3 1 ‘(n

Abdomen with ninth segment short and wide (hg 3.12E1) ..
. . l)m«hugwnphm
f\bdom:n \mh mmh scgmcm longct and narrower (an 3.12E2).
R —— .. Notogomphus (Fig. 3.13H)
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Fig 33 Lanva of southam Afhan Gompladae (dorsal views) A, Newrogongvas sp, B, Lonogoephus ferox
C, Phalogomping brevwess. D, Lestwogompisg anpane. B, Cerasogorping pucssr, F, Crenigoopine
revwier, G, Paragompius gemer, W, Notogomphus practorms (A afler Corbet 1962, B afler Corbet
1956 C after Di Domensco ot al. 1994, D after Cordet 1956¢; E & H after Samwamys & Whitckey
1997, F & G afder Coebet 1957¢) Scale bar = 10 mm
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Aeshnidae
(Figs 3.14 & 3.15)

Six genera have been described from the region (see Appendix). Larvae

have been described by Askew (1988), Chelmick (1999), de Marmels (1975),
Gardner (1983), Pinhey (1959), Samways et al. (1993) and Samways &
Whiteley (1997). The following preliminary key does not include
Heliageschna, for which the larva is unknown, while the features for
Anaciaescima are based on an Asian species (Lieftinck 1962).

t

-l

AESHNIDAE FINAL INSTAR LARVAE AND EXUVIAE: PRELIMINARY
KEY TO SOUTHERN AFRICAN GENERA

. Premental setae present; antenna with eight segments ............... Gynacantha
Premental setae absent; antenna with six or seven segments ... ... RO

Eves very large, markedly flantened dorsally and with posienior margins forming
a transverse straight line; outline of head rounded (Fig 3.14A1) prementum
extending to hind legs (Fig. 3.14B1); abdominal segments 7-9 with lateral
spines ... Anax (Fig. 3.15A & B)
Eves smaller, not markedly flattened (hemispherical) and with posterior margins
not forming a transverse straight line; outline of head somewhat rectangular,
not rounded (Fig. 3.14A2); prementum not extending bevond middle legs

(Fig. 3.14B2); abdominal segments 6-9 with lateral spines ... a3
. Wing sheaths reach abdominal segment 5 (Fig. 3.15C) ........... Anaciaeschna
Wing sheaths only reach abdominal segments 3 or 4 (Fig. 3.15D) ... .. Aeshna

| B

Fig. 3.04. Dustingusshing feateres of Acshmidae. A, head shape (dorsal view) Al roanded, m dnax,
A2, not rounded, more rectangular, 8 Acshmg & Anaciscschng B, peementum (ventrd view ), bength
B1, reaches handicgs, in Anar. B2, reaches middic kegs, in desing
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Fig. 318 Lasvae of southern Alncan Acshnsdac (dorsal views) A, Anax qphgpger, B, drax imperator
C. Amacwme schvg montivagans (not 4 southem Afncan species . D, deshma momwrcuda (A after de Mar
mels 1975 B aftter Samways & Whatckey 1997, C afler Licflincd 1962, D afler Samwany s ot al 1992
Scale bar ~ 10 mm
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Corduliidae
(Figs 3.16 & 3.17)

Three genera have been recorded from the region (see Appendix). Larvae
have been described by Barnard (1937), Corbet (1957b) and Pinhey (1959),
I'he following preliminary key includes Hemicordulia. although this infor-
mation is based on Lieftinck's (1962) description of a specics not occurring
in Africa

CORDULIIDAE FINAL INSTAR LARVAE AND EXUVIAE: PRELIMINARY
KEY TO SOUTHERN AFRICAN GENERA

I. Head with a distinctive frontal horn with one 1o two pairs of conical tubercles
in post-ocular region (Fig. 3.16A1); eves very prominent; abdomen flattened
and broadly ovate in dorsal view (Le. greatest width: length ratio less than 1:18)
with medio-dorsal spines (on segments 4-9 in P. bifasciata (Fig 3.17B) but on
all segments in P. monoceros and P. picta. (Fig. 3.17A).

Phvllomacromia (Fig. 3 | )
Head not as above; eyes prominent but ~mall (Fig. 3.16A2); abdomen regularly
ovate (i.e. width: length ratio more than 1:1.8) and without medio-dorsal

2. Lateral margin of head behind eyes angular (Fig. 3.16A2) ... Syncordulia
Lateral margin of head behind eyes rounded (Fig. 3.17C) ......... Hemicordulia

Fig. 316 Dustinguishang femurcs smong the Cordulindae A, head shape (&oesal views ) AL with from
1l hoen (arrowed) and post-ocular tubercles (arrowed). e g i Plndlomacromua). A2, (with no frontal
horm nor post-ocular tbercles), ¢ g n Symcorduiie
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Fig. 317, Larvae of southemn Afncan Cordaladae (dorsal views) A, Plyllomacromia pacse, B, P. Apascaaks
C, MHemicordulia obympica (not a southern African species). (A & B afler Corbet 19570, C afler
Liefinck 1962) Scale bar = 10 mm

Libellulidae
(Figs 3.18-3.21)

Thirty-eight genera occur in the region (see Appendix). Larvac have
been described by Barnard (1937), Cammaerts, 1975, Carchini & Di
Domenico (1996), Carchini, Samways & Caldwell (1992), Carchin,
Samways & Di Domenico (1992), Clausnitzer (1999), Corbet (1957a), Di
Domenico et al. (2001), Hassan, 1977, Lieftinck (1962), Pinhey (1959,
1961), Samways et al. (1993), Samways et al. (1997), Samways et al.
(1998) and Whiteley et al. (1999). It must be emphasized that the follow-
ing key is very tentative and should only be used as a guideline, especially
as the genera Aethiothemis, Aethriamanta, Allorrhizucha, Eleuthemis,
Hadrothemis, Lokia, Malgassophlebia, Monardithemis, Neodythemis,
Nesciothemis, Porpacithemis, Porpax and Thermochoria are not included
as the larvae have not yet been described.
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LIBELLULIDAE FINAL INSTAR LARVAE AND EXUVIAE: PRELIMINARY

6

KEY TO SOUTHERN AFRICAN GENERA

Labial palps with distinct teeth or crenations on inner margins (Fig 3.18A1)
>

L .nbul mlps without teeth or strong crenations or, at most, only weakly crenulated

Abdominal segments 8 and 9 with long backward-pointing, lateral spines
(Fig. 3.18B); body length greater than or equal 10 24 mm ; -
Abdominal segments 8 and 9 with very small or no lateral spines; body length
less than 18 mm ... : N—— : 4

Each labial palp with ten strong dentations on the inner margin (Fig. 3.18 Al);
head as wide as thorax (Fig. 3.18C1); spines on lateral spines, either absent or
short and not distinct ..Pamala (Fig. 3.21F)
Each labal palp mtr only a moderately crenulated inner margin, head wider
than thorax (Fig. 3.18C2); with distinct spines on lateral spines

Tramea (Fig ‘ ‘lllt

Small lateral spines present on abdominal segments §8-9 Tetrathemus
No lateral spines on abdominal segments 8-9 Noviothemis (Fig. 3.19A)
B0 DR G X B B ) s cuvens snsunsnsvans svsvnsinidnensonseisiusinisunmasaenveasd
Ly g BB 1 b R —————— - 1

Abdomen with very few setae, lateral spines on segments 8 and 9; femora of
forelegs longer than distance between inner margins of eyes .
Abdomen densely covered with fine setae; no lateral spines on segments 8 and
9, femora of forelegs shorter than distance between inner margins of eyes
Orthetrum (Fig. 3.198)
Abdominal segment  with an acute dorsal spine; anal pyvramid very prominent
and protruding (Fig. 3.18 El).. e versenssssreness qNONyMIS (Fig. 3.21E)
Abdominal segment 3 without a dorsal spine Iduf\.ll spines begin on segment 4),
anal pyramid short and hardly extending beyond the tip of the spines on abdom-
inal segment 9 (Fig. 3 18 E2) =3 T - : 8
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Fig. 318 Destingushing features among the Libellubidae A, labsad palp Al with cronations or dentitions
(mromed). in Pamtaka. A2, with oely weak crenatioes (amomed), in MHessanpess B, abdommnad sepmonts S and
9 with long, backwind-pomting spines (armowed). = Pansala C, walth of head C1 abostt the same wadth =
thorax (amowed), in Parsads; 2, wider than thorax (amowed), n Tramea. D, oyve size DI, with small eyes,
Ovtherne, D2, with large eyes, m Trithermts B, anad pyeamad B long and promument (srosed), i Thodymns
EL shoel, n Rinodhemis
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N

Labial palps with 5-7 & 5-7 setae (Fig. 3.20 Al), abdomen with lateral spines

on scgments 8 and 9 shont (Fig 3.18E2) Rayothemis (Fig. 3.21C)
Labial palps with 3-4 & 3-4 setae (Fig 3.20A2); abdomen with lateral spines
on segments 8 and 9 long and acute 9

Labial palps with 4 & 4 setae (Fig. 3.20A2), abdomen with tip of lateral spines on
segment 9 not extending as far as tip of anal pyramad

Brachythemis lencosticta (Fig. 3.19H)
Labial palps with 3 & 3 setae; abdomen with tip of lateral spines on segment
9 at same level as tip of anal pyramid g : 10

Wing sheaths just extend to reach segment 7; abdomen with dorsal spine on
segment 9 prominent, backward-pomnting, extending over segment 10
Brachyvthemis lacustris (Fig. 3.19G)
Wing sheaths extend only to segment 6, abdomen with dorsal spine on segment
9 small, the tip not reaching segment 10 Parazyromma (Fig. 3.21D)

Abdomen with prominent dorsal spines v

"

Abdomen without dorsal spines

Prementum short, reaching only to bases of forelegs (see Aeshnidae, Fig. 3.14B2)
Bradimmopyvga

Prementum reaching bases of middle legs 13

Baody length about 12 mm; cerci very long, almost as long as paraprocts (Fig 3 208);
antenna short, six-segmented fcisoma
Body length 13 mm or more; cerci long or short, antenna long, seven-

segmented . . 14

Abdomen with lateral spines on segments 8 and 9 very short; cerci short, at

most half the length of anal pyramid IS5
Abdomen with lateral spines on segments 8 and 9 long; cerci very long, almost
as long as anal pyramud ' 16
Labial palps with 11-12 & 1112 setae (Fig. 3.20C) Philon
Labial palps with 9-10 & 9-10 setac Diplacodes (Fig

Inner margin of labial palp smooth or with only vague indentations, not
crenulated (Fig. 3.20D1) 17
Inner margin of labial palp minutely crenulated with 12 ‘ndemations

(Fig. 3.20D2) Crocorhemis (Fig. 3.19F)

Abdomen without two dark, dorsal bands; prementum reaching to midway or
beyond middle legs: 8-12 & 812 palpal setae; 9-13 + 9 13 premental setae

I8
Length of abdomen with two, strong dark, dorsal bands; prementum just reach-
ing middle legs; 12-14 & 12-14 palpal setae (Fig. 3.20D1); 14-16 + 14-16 pre-
memal setae Some species of Symperrum (Fig. 3.191)

thut S fovsc mbn m southern Afnica has small dorsal spines which are not casilv visible see
couplet 23
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Fg 319 Lavie of southem Alnan Libdhdde (dorsd views) A Nosodhenss joes, B Ovtfemen s

C, Chabomephls Sngrons, D, flemuipme abguecas |

Dipdacodes ifebarit. F, Crocotherss orythroea

(with setae exmgperated %0 show pamoming), G, Brociythems owstrs, W, Aracfpthemo lonconmts

1, Simgesrnm orscodombar. (A atter Savmass et al 17 B |

Dy Domenico et a 2001, 1D ather Whineley et al 1999, G & H afler Corbet 1957

F & | after Saormans & Whnckey 177, C alber
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18. Prementum reaching to middle point of middle legs; 10 & 10 palpal setae;
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labial palps very spotty (Fig. 3.18A2) 12-13 = 12-13 prememal setae
Hemistigma (Fig. 3.19D)
Prementum reaching bevond middle legs: 8-12 & 812 palpa’ setae; 912+ 9-12

premental setae Palpopleura
Antennae very short, less than the distance between their bases; prementum
short and robust 20

Antennae long, more than the distance between their bases, prementum longer

and less robust 22

Body length about 17 mm; abdomen with lateral spines absent from segment 7
and short and inconspicuous on segments 8 and 9 (Fig. 3.20E1) abdomen triquetral
with dorsal spines very large and tooth-like (Fig. 3.20F 1), prementum reaching
bases of middle legs: premental setae 3 + 3; palpal setae 9-9 & 10-10
{ltoconeura
Body length 21 mm or longer; lateral spines long and conspicuous on segments
8 and 9 (Fig. 3 20E2). abdomen ovate with dorsal spines moderate and pointing
backwards (Fig. 3. 20F2) 21

Lateral spines on segments 8-9; dorsal spines large ... Zygonyx
Lateral spines on segments 7-9, and dorsal spines moderately sized
(‘A’,"".L'.l\l'.l
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P 320 Dstingashing feanares among the Libellubdae A, bl palps: Al of Rfyoohemts seosdyaling
A2, of Beachythemu kucostcrs B of abdamen showing long oot of Acusoma panarpocdes (amowed)
C labiad palp of Phelonscomon S with |1-12 & 1112 setae (avowed) D, end of labad palps D1, seooth
arrowed), m Simpetrum forscolombir, D, cronalsed. n Crocothemus endivaes (mmowed) £, spines an
ahdomed sepmos S & 9 '] dhont (mowed L. m Axcomses Aosdraas, 12, bog (mwedl 8 Aoy nasadous
F. doesal spncs F 1, stoong specs (amonead ) in Aloconesers Modmats. F2, sralier spines (srowed ), - Spoma
LT T SR
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Fig. 321 Larvae of southem Afncan Lbcliulidae (dorsal views) A, Trhwemy wernerr, B Trsheomss dorafis,
C, Rinothemiy seowpaiing, D, Prsaomes Anvkowr, E Thobms aliorga, F, Jomtals fvescens,
G, Zvomena petiolasen (not 2 southem Afncan species). I, Thomes ranemcarsa (0t 2 southerm Afncan
speoses ), L Macradiplay cona (A afler Samwns ot ol 1993, B afler Saaans & Whnekey 1997, C afler Sam-
wavs ct ol 1998, D afer Corbet 19572 B-1 afler Lieftinck 1962)
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2. Lateral spines on abdominal segment 9 very long and pointed, extending beyond
the anal pyramid .. Macrodiplax (Fig. 3.211)
Lateral spines on abdomml scgmcm 9 sm.:ll to large but not extending beyvond

23. Lateral spines on abdominal segments 8 and 9 small (and minute in comparison
with the anal pyramid) ... .. ........ ol 24
- Lateral spines at least on abdominal scx.mcleIarge TR T s =

24. Abdomen with two, dark, dorsal, longitudinal bands; fore and hind tibiae with
tufts of setae .......... coveeiens Sympetrum fonscolombii (Fig. 3.191)
Abdomen \anuu\l) muulcd and spcc.klc.d but without two, dark, dorsal bands;
tibiae sprinkled with short and long setae . Trithemis (Figs 3.21A & B)

25. Abdomen with lateral spines on segments 8 and 9 pmmmcm. sharp and of
similar lengths ........... wesarsi 2D
Abdomen with lam'al spmes shon on scgmem 8 and Iong on segmcm 9 long
setae on legs and tip of abdomen........... S ianin np AUV S . Urothemis

26. Anal pyramid slender, and longer than the middle region of abdominal segment 9.
head and labial palps irregularly speckled .. .. Chaicostephia (Fig. 3.19C)
Anal pyramid wider, and about as Ions as abdommal segment 9, head and labial
palps not speckled ............ oo sssssesasnnenesssess yxomma (Fig. 3.21G)
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Species

Synlestdac

Chlovolesies apeicars Wilmot, 1978
Chioroleries conspicuss Hagen in Sclys, 1862
Chlorolesites dracomious Balinsky, 1956
Chlorolestes elegars Pinhey, 1950
Chiorolesies fasciatus (Burmenter, 1839)
Chiorolestes tesselians (Burmeister, 1539)
Chiorolestes umbrans Hagen in Sclys, 1862
Ecokloralesses mylepivha (Bamard, 1937)
Foohlovalestes permgweyi (Ris, 1921)

Lestidae
Yestes amicuy Marum, 1910
Lestes dussimulans Fraser, 1955
Lestes wcserious Gerstaecker, 1869
Lestes ochracens Sclys, 1862
Lesies paliidus Rambur, 1842
Lesses pinheyt Fraser, 1955

Levser plagsanes (Burmersier, | 539)

Lesser tridens McLachian, | 895

Lester wncifer Karsch, 1899

Lestes virgane (Burmerster, 1839)
Mm‘u

Prodasmewra favifecwes Pinhey, 1981
Chiorocnesws marshally marshall Ris, 1921
Chiorocnems montang SU Quentin, 1942
maccleery: Pinhey, 1969

Chiorocnemis migripes Gambles, 1967
Chioroconems wirier Frascr, 1958
Flatronewra fremulata (Hagen i Sclys, 1860)
£ lomonesra glauce (Selys, 1380)

Fllamonesra tropicaits Pinhey, 1974

(
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CHAPTER 3: APPENDIX

Odonata species and subspecies of southern Africa
(with summaries of geographical distributions)

Distribution

ZYGOPTERA

SA (EC)

SA (WO

LES, SA(KZIN)

MWL MOZ. SA (LIM). ZIM

LES, SA(EC, FS, KZN, MPL, LIM, WC), SW2
SA (FC.KZINWO)

BSA(WCO)

SA (WCO)

SA (WC)

ANG, MW, MOZ, ZAM. ZIM. abso Tanzana

ANG, BOTS, MW MOZ, SA (KZN, LIM), ZAM,
ZIM_ moeth 1o Kenva and Sencgal

MWL MOZ, NAM, SA, (KZN), ZAM, ZIM, north 10
Kenva and Senegal

MWL ZAM, ZIM, north to Sudan and The Gambia
ANG, BOTS, LES, MWL MOZ, NAM. SA (FS, GT
KN, LIM.NW), ZAM, ZIM, north 10 Somalia, Sudan
and Sencgal

ANG, BOTS, MWL ZAM ZIM. north 1o D R Conpo
and Nigena

ANG, BOTS, LES, MWL MOZ_ SA (EC, FS, GT
KIN, MPLNC, LIM,NW_WC), SWZ ZAM, ZIM
north 10 Kemya, Uganda and Nigena

ANG, BOTS, MOZ, SA (KZN, MPL), ZAM, ZIM
north 10 Somalsa and Nageria

BOTS, MWI, MOZ, NAM. SA (KZN, ML), ZAM
ZIM; morth to Somalia, Uganda and Nigera

BOTS, MW, MOZ, SA (EC, GT, KZN, MPL. LIM
NW, WC), ZAM, ZIM. north 10 Ethiopea, Ugsnda wnd
Nigeria

LAM

MWL MOZ, ZAM, ZIM. north, as & codoar vanast, 10
Uganda and D R Congo

MW the nommotypical sebspecics occurs in Tan-
Jana

ANG, north 0 Uganda and Nigena

MOZ, ZAM. ZIM. north. as a colour vanant, 1o
Uganda sd D R Congo

ANG, SA (WO

ANG, BOTS, MW, MOZ, NAM, SA (EC, FS. GT,
KZN MPL NC, LIM_NW_WC), SWZ. ZAM. ZIM
north 10 Kenys and Uganda

BOTS, MW MOZ, ZAM, ZIM. north 10 Ulpanda and
D R Congo
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Species

Platycnemididae

omemis bewcostiicta Selvs, | 845

Mekaomenus augusia Selys, 1863

Mesacmemus valada (Hagen, i Sclys, 18463)

wonw mts simguiavis Karsch, |89]

Crpocmens phoency Pabey, 1971

Cocnagrnonidse

JCWARIRTION AuX

udagrion bicoerulans Forster, |06

mohauy malnewenss Pinhey, 1586

agrion bakerr Fraser, 1941

raaerom budemtanem Fraser, 194

griom ghadram (Burmester |839)

wrion katamborae Pinhey, 106]

riaprion ovdoleucum Res, 1924

agriom mowrae Pinhes, 1969

riaprion planysnigma Fraser, 1941]
FIARTION sasgr .‘"I""(\ |4";

raaprion sanguinastigeas Fraser, 1945

grion suave Res, 1921

aerion whellon: Loagfichd, 1952

dagrion acaciae Fouster, 1906

cwdagrion angolense Selvs, 1876

wudagrion ausegan Pinhey, 1980

wmw Ras, 1936

wadagrion caffree (Burmesice, | 839

sewdagrion cirxcoda Barnaed. 1937

sewdagrion commonsae (Foester, 19C2) migerrs

wdagrion covlesne Longlheld, I'N

u coerslepuncnem Pabey 1964

e Pinhey, 1950

Mnhey, 19¢

P rewdagrion draconis Bamaed, 1937

sendagrion dumdoense Longhield, 1959

sewdagrion fisher! by 1M

wdagrion fwrcrgerum (Rambyer 1842)
wikagrion pamiest Pinhes, 1978

fagriom plascescens Selys, 1876

ALY om gy

wdagrion hagent hagens Karsch. 1893

at Panbhey, 190]
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Distribution

SAEC, KN MPL. LIM. Wi

SA LWL

SA(EC)

ANG. BOTS, MWL NAM. SA(KZN. MM
CAM, ZIM. sorth 1o Ugsesds and Sencpal
MW

MWI

ANG, ZAM. north 10 Uganda and Nigena

ANG, BOTS, MWL NAM, ZAM: noth 10 D R Congo

and Uganda
ANG, BOTS, MWL MOZ.NAM., SA 1R

KZN MPL LIMNW_ W), SWZ ZAM, J

10 Ethiopia and The Ganbia
BOTS. ZAM

MWL MOZ, ZAM

\';. "

ZAM; also D R. Congo
ZAM. also D R. Congo

N

’\ -l:

LIM, north

ZAM: noeth 1o Uganda and Equatonal Guinca

BOTS, MWL MOZ NAM. SA (M™)
north to Fwopia and The Gambea

LAM, ZIM

BOTS, ZAM, ZIM. north 10 Kenya and Secrra Leone

ANG, BOTS, MW, MOZ NAM, SA (EC

FS, KZN

MPLYLSWZ. ZAM. ZIM. meeth o Kemva ad D R

Congo

ANG

BOTS, SAGT, KZN MPL) ZAM 7IM
ANG. north 10 Laberia

MWI, also Kenya and Tanzania
LES. SAEC, KZN
SA(EC_FS, GT, KZN MM
ANG, BOTS, MWL SA (Mp
Chad

ANG, ZAM

BOTS, MOZ SA(KZN MPL. LIM _SWwWZ

M. NW

LZAM, ZIM, north &

ooty o

Kenya with the nomusctypical subspecies in Fthiopia

and Somala

BOTS, ZAM, also D R Congo

SAEC, FS, Wt IN

AN(

ANG. BOTS. ZAM

SA W)

ANG, MWI MOZ_SA (KN, MPL), ZAM
north 10 Kenya

ANG, BOTS, MWL MOZ. ZAM. ZIM. noeth wo Kenva

and The Gambia
ZAM, also D R Cong:
SA EC, WO

ZIM
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Species

Cocnagrionidac (cont.)
Pseadagrion hagem tropvcanum Pinbey, 1966

Psewdagrion hamoni Fraser, 1955

Psewdagrion helence Balinsky, 1964
Pseudagrion inconspicuse Ris, 1931
Paewdagrion inopimatss Balmsky, 1971
Psewdagrion kerstens (Gerstaecker, 1869)

Prewdagrion kibalense (Longficld, 19%9)
Psewdagrion lindicum Grunberg, | 902
Prewdagrion makatusrense Pinhey, 1950

Psewdagrion massaxum Sjostedt, 1909

Prewdagrion melanicterum Sclys, 1876
Psewdagrion mewtont Pmbey, 1962
Prevdagrion mubicum Sclys, 1876

Peesdagrion ngfostigma Loagficld, 1945
FPsendagrion saluburyense Ris, 1921

Pseschagrion yyoestedn Foester, 1906 packsont
Pebey, 1961

Paesdagrion sjoestedn pyesdogyorssedts Pobey,
1964

Faeudagrion spernatum Sclys, 1881 nasiense
Ris, 1921

Frewdagrion sublacsewm sublocrews (Karsch,
1893%)

Prewdagrion sudanicum Le Roi, 1915 rubroviende
Pinhey, 1945

FPrewdagrion nymoensii Pinhey, 1967
Prewdagrion wmsingaziense Balesky. 1963
FPrewdagrion vagiense Chutter, 1962

Prewdagrion vumbornw Balinsky, 1963
FPrewdagrion williaws: Py, 1964

Aciagrion africanuw Marting 1508

Acsagrion comgoense (S)0stedt, 1917)
fosagrion gractie gracie (S)0ostodt, 1909)
dcsagrion gracile atienvatum Fraser, 1928
fosagrion heserosticsa heserosncia Fraser, 1938
foxagrion macrootithence Pinhey, 1972

dcxagrion nodosum (Pnhey, 1964)

' Distribution

MW MOZ, SA (EC, GT, KZN, MPL, LIM, W()
SWZ, ZAM, ZIM, north 10 Kenya and Nigenia
MWL MOZ, NAM, SA (KZN, MPL, LIM), ZAM,
ZIM; north 10 Sedan, Morocco and Sencgal
BOTS, MWL, ZAM

ANG, MWL ZAM

SA (MPL)

ANG, BOTS, LES, MWI, MOZ NAM, SA (EC
FS, GTLKEN, MPL.NC, LIM, NW_ WC), ZAM,
ZIM, north 10 Uganda and Cameroon

ANG, ZAM also D R Congo and Uganda

MOZ, north 10 Somala

ANG, MOZ, SA (LIM), ZAM, ZIM. also D R
| Congo

ANG, BOTS, MWL MOZ, NAM, SA (EC, FS, G1
KZN, MPLNC, LIM.NW, WC), ZAM, ZIM. nonh
| 10 Erstrea and Ghana
| ANG, ZAM; north 10 Uganda and Sencgal
SA(EC, KZN, WC)
| BOTS, MWI, NAM, ZAM, ZIM, north 10 Sedan,
the Levant and The Gambia

ANG, BOTS, ZAM. ZIM

ANG, BOTS, LES, MW, MOZ, NAM, SA (EC
FS, GT, KZIN, MPL_NC, LIM_NW_WC)SW2Z2
ZAM, ZIM. north 1o Fthiopaa

ANG, BOTS, ZAM. north 10 Uganda

MW, MOZ, SA (MPL), ZIM, north, with other
colour morphs. 80 The Gambia

MWL MOZ, SA (EC, FS, GT, KZN, WO, SwWZ
ZAM, ZIM. soeninotypecal and other coloar morphs
north 10 Ethwopaa

ANG, BOTS, MWL, MOZ, NAM, SA (KZN, MPL
NC)L ZAM. 7IM. noeth 1o Somalia, Morocco and
The Gambia, also Comores

BOTS, MW, MOZ, NAM, SA (MPL). ZAM. ZIM
north 10 D. R. Cengo

ZAM

SA (KZN, LIM)

LES, SA(FS, GT, MPL, NC, NW)

ZIM

ANG, ZAM, also Nigena

MW, MOZ, ZIM, sorth to Congo and Gainea His.

sau
MOZ, SA (KZN). also D R Congo and Uganda
MWI Also D R Congo and Uganda

MWL MOZ, ZAM, ZIM; also The Gambia
ZAM; also D K. Congo

| ANG, ZAM. also D R Congo

LAM




04 Freshwater Inv

Species
Coenagronidse (cont.)
osagrion pomhey: Samways, 2001
{csagrion rarem Longficld, 147
{csagrion seclece Kimmans, 1955
Losagrion zambeense Pinhey, 1972
I mallagma angodicum Paihey, 1966
Emnllapma cuncistgma Pebey, 999

mrilagma elongarem (Martin, 15607)

Fanllapwa ploscum (Burmenter, 1539)

mollagws mgradorsum Selvs. 1876

anlagwa polychromaticws Bamare, 191
Encilapma rotundipenne Ris, 1921
g sapphurinum Pohey 1950

snllorwma sauatum Ris, 1921
snllagwa swbfurcatuw Selyvs, 1876

mollagwa swbale Ris, 1921
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Distribution

SA (KIN

ANG /\\1

ANG, BOTS, ZAM . also D R. Corgo

ANG, ZAM

ANG, BOTS. ZAM

IIM

MW MOZ, SA (KZN, LIM), SWZ_ZAM_ ZIM. north
1w D R Conpo and Ethiopea

ANG, BOTS. LES MWL MOZ NAM, SA (EC.FS
GT.KINMPLNC. LIM WO, SWZ ZAM 7IM
north to Ethsopea, also La Reunion

ANG. BOTS. LES. MWL MOZ NAM. SA (EC.GT
KIN, MPL, WCO), ZAM, ZIM. north w0 Ethsopia and
L ameroon

SA W

LES. SA (G1, KZIN

SAEC. FS,. GT KN

MWLSAKNV L ZAM M orthio D R Congo and
| mnzania

MWL MOZ, SA (WC), ZAM, ZIM. 2orth o Edwopa
and Nigena

BOTS, MWL MOZ, NAM, ZAM, ZIM

Emallapwa vagmale vagmale Sjostedt, 1917 ZAM_ also D R Congo, the subspecies £ v. lomgfieldoe
occurs in Kemya, Tanzania and Uganda
Ischmurg semegalensts (Rambar, 1842 ANG, BOTS, LES, MWL MOZ, NAM, SA (EC, FS
G RIN MPLNCLIMNSW WO SWZ ZAM ZIM
Throughout Afnca, and in Asia 1o the Philbppines. also
Madagascar, Mauntius, Seychelles and Canary Islands
v nem s angolensis angolensis Longfickd ANG. NAM

rioomemi s ampolensis spaiuloe Pinhes 1Y

griocmemis exilis Selys, 1872

igriocnemis alcvera Glcsera Pinhey, 1959
grioonemis Qlcfera rannvaalica Pinbey |
griocnemis forcipada Le Roe, 1915

griconemus praobiosa Gerstaecher, 1891

grioonemis ponieyt Balinsky, 1963

rioonemi s ruberramg rubernima Balinsky

griox nemir raberramg adbefrons Balinsky

griocmemis victoria Fraser, 1928

74 ANG, ZAM
ANG, BOTS, MW MOZ, NAM. SA (EC KN M
LIM), SWZ, ZAM. ZIM_ north 10 Ethiopss and Sencgal
also Madagascar and Mauritius
SA (EC, KZN

974 SA(LIM)
ANG, ZAM, north 10 Sudan and Gabon
BOTS MWL MOZ NAM SAIKIN)LIAMM a0 D R
Congo and Tanzama
MOZ, SAIRIN MPL LIM)L ZAM ZIM
SA (KN

1965 BOTS
ANG, BOTS, ZAM: north 10 Uganda and Sencpal
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© Species Distribution
Clorocy phidac S - -
Chiorocypha conswesa (Karsch, 1899) ANG, MWI, MOZ, SA (KZN), ZAM, ZIM; also D R
Congo and Tanzansa
Chiorocypha crocews crocens Longficld, 1947 ANG (West Central)
Chiorocypha crocews bampromi Pinhey, 1975 ANG (South West)
Chiorocypha frigwda Pinhey, 1961 ZAM
Chlorocypha rubrivenirts Pinhey, 1975 ANG

Chlorocypha victorwae (Forster, 1914)
Chiorocypha winter Fraser, 1955

Plarycypha calwgasa caligata (Sclys, 1853)

Plaeycypha fizrimonss fitzsumonss (Pinhey, 1950)
Platycypha fizssmonst imyangae Pwbey, 1958
Flaovoypha kacustris chingalae Pinhey, 1962

Planvoypha rufiibig (Pebey, 1960) lucalaensts Pin-
hey, 1967

Caloptery gdae
Fhaon irdgpennis (Burmeister, 1539)

Lmmg deciiviwm Foaster, 1906
mma dutincta Loegficld, 1933
Umma femina Longficld, 1947

ANG, also Camercon, D. R. Congo and Uganda
ANG, ZAM, also D R. Congo

ANG, BOTS, MWL, MOZ, NAM, SA (EC, FS. GT,
KZN, MPL, NC, LIM, NW, WC), SWZ_ ZAM,

ZIM. north to Somalia and Guinea Bissau, with dof¥er-
et morphs in Angola and Malaw:

SA (EC, KZN, W()

ZIM

LAM . also D R Congo The soeminotypical subspe-
cies occurs in D K. Congo, Uganda and Kenya

ANG, the mominotypical subspecies occurs 1n Gabon

ANG, BOTS, MWI, MOZ, NAM. SA (EC, KZN,
MPL, LIM), SWZ, ZAM, ZIM, north to Somalia and
Sencgal, with a colour morph in Madagascar

I, ZAM, also Tanzania
VG, ZAM, also D R Conpo
NG

ANISOPTERA

'(;:.'hiac
Jetmogompins dundoensts Pinhey, 1961
va:]cmlm. 1842)

Jetmogomping regualbernt (Schouteden, 1934)
Dvaseasommea rewerzorica Pmbey, 196]
Dizstatomm selysr Schouteden, 1934
Diastasomma soror Schoutoden, 1934
Cimirgompvs derdoensis dumdoensts Pinhey, 1961
Comphadia bredor (Schouteden, 1934)
Gomphadia guarrer guarrer Schouteden, 1934
Gomphudia guarrer confimtd Pinhey, 1974
Microgomphus brvitarus Pinhey, 1961
Microgomphus mozambicensts Pabhey, 1959
Microgomphus myassacws (Granberg. 1902)
Lestmogomgpius anpusnus Martin, 1911

Notopomphus dendrofyrax (Foester, 1906)
Novogomphas practorus (Selys, 1878)

NG
NG, BOTS. MWL MOZ, NAM, SA (KZN, MPL.
IM, NW), ZAM_ ZIM, north 1o Kenva and Senceal
NG, also D. R Congo

ANG, also Uganda, D R Congo

ZAM, nonh 0 Congo and Egaatorial Guainea

ANG, ZAM, slso D. R. Congo

ANG, BOTS, ZAM:; also D R Congo

ANG, also Uganda

BOTS, MWL, SA (MPL), ZAM, ZIM

MOZ

ANG

MOZ, ZIM

MWL, ZAM. ZIM_ also D R Congo

BOTS, MWI, MOZ, NAM, SA (GT, KZN, MPL)

ZAM, ZIM., noeth 1o Keava and Ivors Comst

MWL MOZ. ZIM; also Tanzania

ANG, MOZ, SA (EC, GT, KZN, MPL. LIM), ZAM

ZIM. also D R Comgo
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Species

Gomphedae (cont.)

N otogomphus zermys (St Quentin, 1942
Newrogomgpiius chapes (Klots, 1944)
Newrogomphing sedensis Schouteden. 1934
Newrogomphas vicimes Schosteden, 1934
Newrogomping (Beoe undescribed specics )
Pinvilogosgphus hewwssews Pinhey, 1976

Fiwbogompin demdomaoricus Fraser, 1987
Fivilogosgpucs dumdommeacuhes Fraser, 1957

Pinvilogomgpin latifascioe Phey, 1961
Pinllogomplacs ovsemialls Fraser, 1947
Pinllogompbues selysi Schouteden, 1933
Cremigomphus cormaens Pinbey, 1955
Cremgomphus hartmann (Forster, 1898)

Crenigomphus remet Fraser, 1936
Cerarogomphus picrus Selys, 1854

Ceratogomphus riceraticns Balinsky, 1963

‘aragomyvins aowminamg Frascr, 1996

‘aragomyvins allvaudy (Martm, 1915)
Faragosgpies cataracioe Pishey, 1963
‘arapomgviae cognatus (Rambur, 1842

Faragompins dicksoni Panhey, 1569

Paragompdes elpadaws (Ris, 1921)
Parapomphus gene! (Sehys, 1841

Faragompvans longiveniris Fraser, 1958

Farapomyvie mochador Pbes, 1961
Faragompvns magmes Fraser, 1992
Faragomgps mysssicous Kimmans, 1955
Paragomphes sabicws Pinhey, 1950

‘aragompines sambeziensis Pabey, 1961
A
o

nohogompins gurke Pinhey. 1964

Omchogomping supemus ssgunus Selys. 1854

A

hogomping Lrchmgmans: Pebey 1964

Vepogomphowdes stwhimann (Karsch, 1899)

Distribution

MWL, ZIM, also Tanzania
MWI, also Kenya, D R Congo
MOZ, also D. R Congo
BOTS, also D R Congo

ZAM. ZIM

BOTS, SAMMPLYL ZAM. 7IM
ANG

ANG

ANG. MW

ANG, diso Uganda

ANG, a0 D R Congo

BOTS, NAM, SA (MPL), ZAM_ZIM

ANG, MWL, MOZ_ SA (EC, KZIN. MPL, WC), ZAM
ZIM: also Kemya, Tanzana and D R Congo

JAM, also Uganda, Tanzanaa and ) R Congo
BOTS, LES, MOZ, SA (EC_FS, GT, KZN, MPL_NC
NW.WCO),LZIM also D R Congo

SA (WO

ZIM: also D R Congo. (thes specics may be a form of
P mnliarnes (Sely, 1892) (Pmbey (9842

ANG, also Kenva and Tanzanea

JAM, ZIM

ANG, MWL MOZ SA (EC.FS, GT. KZNMPL. N
LIM.NW, W), SWZ_ZAM, ZIM, noeth %0 Eduopia
and Nigena

SA (WO

BOTS, MWL MOZ.NAM, SA (KZN, MPL. W(
SWZ ZAM, ZIM. neeth to D. R. Congo and

hema

ANG, BOTS, MWL, MOZ, NAM, SA (EC, GT, KZN
MPL, LIM, WO, SWZ ZAM, 2IM, nonh %0 southern
Farope, Middie East and Assa Minore

ZIM: also D R Coago. (confirmation a8 %0 whether
this 15 2 tree specses 1s needed

AN(

MOZ, ZIM, also Kenya

MWL ZIM

BOTS, MOZNAM, ZAM. ZIM. (1this species may be
n form of P fraallaras (Selys, 18920 (Pinhey 1681)
JIM

LAM

JAM

MWL MOZ, SA IREN, MPL, LIM) ZIM. i subspe-

cies O & mgronbials ocoars m East Afnica
MWL also Tanzania
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Species

Acshaidae

destoz ellion Kieby, | 896 weaombarrca FOrster
1906

derhng misscwha Mclachlan, 1896

Aeshng moori Pinbey, 1981

deshwn raleye Calvent, 1892

Aeshri sbpupiilata McLachlan, 1896
Aeshna warter Fraser, 1988
Amacuaeschng trumgulifera McLachlan, 189

Amax dangweulwensis Kimenins, 1955

Amzx chloromelas Ris, 1911

Amax comgpoliark Fraser, 1953 lisomboae Pinbey,
1962

Amax ephyppiger Burmenster, 1839

Amax imperator Leach, 1815 mawriciams Ram-
ber, 1842

dnax speratuy Hagen, 1867

Anax trestis Hagen, 1867

Camucanthe bullasa Karsch, 1891
Crnacantha manderica Gramberg, 1902

Camacantha ochraceipes (Pinhey, 1960)
Ghynacantha sevastopalor (Pinhey, 1961)
Camacantha sextans McLachlan, 1896
Cymacanthe vesiculata Karsch, 1891
Gymacantha viliosa Gramberg, 1902

Gymacantha sulwensis Balmaky, 1961
Helwweschma cymthuae Fraser, 1939
Helnaeschna libyana (Frascr, 1928)
Helweschna trimervilata Fraser, 1958
Helnoesohna spandhica McLachlan, 189

Corduliidac

Phyilomacromia aeguatonialis Martin, 1906
Phadlomacromia aureosons (Pinhey, 1966)
Phyilomacromia bicorns (Forster, |906)
Phyllomucromug bfasciate Martin, 1912

Fhyllomucromua bupma (Fraser, 1954)
Phyllomacromua comgolaca (Fraser, 1955)
Plyllomacromia dundommusculns Fraser, 1957

Distribution

MWL SA (MPL, LIM), ZIM, the nominooypcal subspe-
| cres ocowrs north from D R Congo to Eguopia
NAM. SA (EC. FS. GT, KZN, MPL, WO)
| ZAM
ANG, MWL MOZ, ZAM, ZIM, north 10 Etheopia and
Sudan
MOZ, SAEC, GT, KIN. MPL, LIM, WC), SWZ, ZIM
ZAM, a0 D R Congo
ANG, MWL MOZ, SA (KZN, GT, LIM, NW), ZAM
north %o Ethiopea, also Madagascar
BOTS. ZAM
MWL MOZ, ZAM, morth %0 Uganda and Sicrra Leone
ZAM, the nommnotypical subspecies accurs i Cameroon
Gabon and D. R Congo
ANG, BOTS, MWI, MOZ, NAM, SA (EC, FS, GT, K2N,
MPL, LIM.NW), ZIM, north to Furope. Indean Ocean
wslands and Asia, formerly MHemiamar ephupoiger (Gentiling
& Peters, 1983)
ANG, BOTS, LES, MWI MOZ, NAM, SA (ECFS, GT
KZN, MPL,NC, LIM,NW, WC), SWZ ZAM. ZIM,
Afrosropecal, the nomnotypecal subspecaes occurs =
North Africa, Azores, Europe and western Asse
ANG, BOTS, MWI, MOZ, NAM, SA (EC. KZN, MM
LIM, WC), SWZ, ZAM, ZIM. north 10 Ethiopea
ANG, BOTS, MWI, MOZ, NAM, SA (KZN, MPL_ LIM),
ZAM. ZIM. north 10 Sudan and The Gambea. also some
Indian Ocean slands
MWI, also Kenyn, Uganda, Tanzaria and D R Comgo
| MW, MOZ, SA (EC, KZN), ZAM, ZIM. north 1o Somakia
| and Ivory Coust
MW, also Tanzanua and Central African Republc
| ZAM. also Tanzania, Uganda and D R Congo
ANG, ZAM, also D R Congo and west 0 Ivory Coast
' ANG, MWL MOZ, ZAM, north 10 Kenva and Ghana
BOTS, MWL, MOZ, SA (KZN), ZAM, north to Uganda
and Nigena
| MWL, MOZ, SA (KZN)
ZAM: north to Uganda and Cameroon
| ANG, slso Uganda
MWL, ZAM, north 10 Uganda and Nigena
| ANG, also Uganda and D. R Congo

ANG. north 1o Ivory Coast

ZAM. also D R Congo and Uganda

ANG, also Somalia and D R Congo

BOTS, MWL, MOZ, NAM. SA (KZN, MPL. WU ), ZaM
ZIM. noeth 10 Sedan and The Gambia

ZAM; also D. R Compo and Uganda

BOTS, ZAM, north 10 Uganda and Sicrra Loone

ANG
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Species
Cordeliidac (cont.)
Phyilomacromaa fmculara (Marma, 1906)
Finilomacromia mmoss ktmminst (Fraser
1984)
Phyilomacromia melamia (Sclys, 1871)
Flnyliomacromia monoceras (Forster, 1906)
Phyllomacromia overkaets (Schouteden, 1934)
Piyllomecromia palwdosa (Pmbey, 1976)
Phyllomacromia prcsa (Hagen in Selys, 1871)

Phyilomacromig subtropacalis (Fraser, 1944)
Plyllomacromia unifascwes (Fraser, 1954)
Symcordulag gracnss (Burmenser, 1839)
Simcordular wwanor (Bamad, 193%)
Hemicordulia asiatica Schys, 1878

Libellulidae
Tetrathemis pollend (Sclys, 1869)

Malgassophilebia bupina Fraser, 1958 long-
uipes Pinhey, 1964

Lilorrbizucha Kimge Karsch, |889
{llorrbzucha preuss: Karsch, 1891
Neodythemis fizgeralds Padey, 1961
Momardithemes flava Longficld, 1947
Novsothemes pomess jomesd Ris, 1919

Notiothermas roberin Fraocr, 1944
Hadrothemus camarensts (Kuby, 1889)
Hadrotherus defecta defecta (Kansch, 1891)

Hadrothesus scabrifrons Res, 1910

Hadrothewsus versusa (Karsch, 1891)
Iriiwetrum abbotiy abbottt Calvent, 1892

Irtiwetram angsstivenive (Rambut, 1842)
rinetrum aussern (Kirby, 1900)
Ovrthetrum hrackiale (Beaavoss, 1317)

Irthe trum caffrum caffrus (Burmersicr, 1839)

Orthetrum chry sostigma Chry sostigme
Burmewicr, |83Y)

Irthetrum guaneense Ris, 1910

Distribution

ANG, also Cameroon
ROTS, ZAM, north to Uganda and Seerma Leone

ANG, north to lvory Coast

MWL MOZ, SA (MPL). ZAM, ZIM; nonth 80 Kenva

ANG, ZAM, also D R Congo
BOTS. ZAM, ZIM

BOTS, MW MOZ, SA (EC, FS, KZN, MPLNC
LIM.NW, WC), SWZ, ZAM. ZIM, north 1o Kenya and |

Chad

ZIM, also D R Congo

ANG, ZAM; also D R Congo

SA (KZN, WO)

SA(WO)

MWL, SA (KZN), also Uganda and Asia

ANG, MWL MOZ, SA (EC, KZN, MPL), ZIM, north

to Somalia and Nigenia

ZAM, the nominotypecal subspecics ocows in D R

(.l“\‘

ANG, ZAM; north 10 Seerra Leone

ZAM, north 10 Uganda and Nigeria

ZAM

ANG, ZAM

MW, MOZ, SA (EC, KZN, MPL), ZIM. north w0
Kemvaand D R Congo

ZAM, north 10 U ganda and Nigenia

ANG, ZAM. nocth 10 Uganda and Ihvory Coast

ANG, ZAM. porth 1o Uganda (whers the subspecics

prewdodefecta occurs) ad Sicrra Leome
MWL MOZ, ZIM. north 10 Kenva and Cameroon
ZAM, north 10 Congo and Ivory Coast

ANG, MW MOZ, NAM_ SA (EC, FS, KIN, MPL

LIM), SWZ, ZAM, ZIM; nocth 1o Kenya and

vory Coast, the subspecies malgasricum ocouars in

Madagascar
ANG, ZAM; north 10 Uganda and Sencgal
ANG, ZAM. north 10 Uganda and Seerra Leone

ANG, BOTS, MWL MOZNAM, SA (GT,KZN. 1M,

NW.WC), ZAM, ZIM. north 10 Kenya and
the Gambaa, also on some Indian Ocean slands
ANG, LES. MWL MOZ. NAM. SA(EC. FS. T,

KIN. MPLNC, LIM_NW WO SWZ ZAM. 7IM

north 1o Ethipea and The Gambia

ANG, BOTS, LES. MW MOZ, NAM, SA (EC, GT,
KIN, MPL LIMONW WOLSWZ ZAM ZIM With
vanaboes, north 1o the Azabian Penmeula, Morocco

and [he Gambua
ANG, MOZ, NAM._SA (FS. GT, KZN_NC, LIM,

NW), ZAM_ ZIM; north 10 Uganda and Seerra Leone
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Species

Libellgdidae (comt.)
(v thetrum kst Schemide, 195)

Ovihetrum icteromelas Ris, 1910 comergfrons
Pinhey, 1970

Oviherrsm pulir pdia Kurby, 1500
Ovihetrwm 1 capvcola Kimmns, 1957
Ovthetrnm . falsem Longficld, 15955

Orrherrum machadol Loegficld, |97

|

| Or the trum macrostigma Loegficld, 1945
Orthetrum microstigma Ris, 1911

| Orthetrum monards Schmade, 1951
Orthetrum robustwm Balinsky, 1965

| Orthetrum rubems Bamard, 1937
Orthetrum saeger: Pinhey . 1966

; Orrhetrum stemmale stemmale (Burmerster,
1839)

| Orthetrum trimacriae Selvs, 184

Nescioshemis farimosa (Forster, | 898)

Nescioshemis fizgeraldy Pinhey i Longficld,

1955

Aethiothemes beguaertt Rxs, 1919
Aethiothemis diamamgae Longficld, 1959
dethioehemis discrepans Licftimck, 1969
Aethiothemis solitaria Ris in Marun, 1908
Palpoplewra deceptor (Calvert. 1599)

Palpopleura jucunda pucunda Rambur, 1842

Palpoplewra lucia (Drary, 1773)

Porpacithemis dubia Fraser, 1954

Porpacithemes leakeys (Pinhey, 1956)

Chalcostephna flavifrons fanvifroms Kighy,
| 1889

| Thermochorsa equovocata Kuby, 1889
Hemusnigma albipuncia (Rambar, |842)

Flewthemus buettokofers Rus, 1910
Elewthemis guudriguia Pahey, 1974
Porpax asperipes Karsch, 189
Porpax riss Pinkey, 1948

Lokaa edbon Liefinck, 1969

' Distribution

|
ANG, MWL, MOZ, SA (KZN,NC,_ LIM), SWZ ZAM,
Z1M_ noeth 1o Uganda and Sencgal
ANG, BOTS, MWI, MOZ, SA (GT, KZN, MPL, LIM),
ZAM, ZIM, north 1o Sadan and The Gambia

There is a comsaderable amount of vaniation i this species
with one subspecaes gradmg mio another. MWI, MOZ,
SA (EC, FS, GT, KZIN, MPL,NC, LIM_NW,_ WC) SWZ,
ZAM, ZIM, north 10 the Arabuan Penaasula and The Gam-
bia

ANG, BOTS, MWL, MOZ, SA (GT, KZN, MPL, LIM)
ZAM, ZIM. also D. R. Congo

ANG, ZAM . also Tanzansz and D R. Congo

ANG, ZAM, north 10 Kenya and Gumea Bissau

ANG, ZAM, north 10 Uganda and The Gambea

BOTS, SA (KZN), ZAM

SA WO

ZAM; aiso D R. Congo and The Gamibia

MWL, MOZ, NAM, ZAM, ZIM, north 10 Sedan and The
| Gambea, also Mauntius and La Réumon, with the sabspe-
ey wriphtiv m the Seychelles \
ANG, BOTS, MWL MOZ, NAM, SA (EC, FS, GT, K2N,
[MPL,NC, LIMONW. WO, ZAM, ZIM. nonh o Europe, |
Egypt. Marocco and The Gambia

ANG. BOTS, MWL, MOZ, SA (EC, FS, GT, KZN, MP1

NC, LIM, NW, WC), ZAM, ZIM, noeth %0 Egype

ZAM

MWL MOZ, ZAM, also D, R Congo
ANG, MW ZAM: also D R Congo
ANG, BOTS, MWL ZAM, also D R. Congo
ANG. also D R Congo
BOTS, MWL MOZ, SA (MPL,NC. LIM), SWZ ZAM,
ZIM. north %0 Ethiopsa and The Gambea
ANG, BOTS, MWL MOZ NAM, SA (EC_FS. GT_KZN
MPLNC, LIM, WO SWZ ZAM, ZIM, north o Kemya
and Ivory Coast; the subspecies radiata occurs in Fihaopea
and Sudan
ANG, BOTS, MWL, MOZ_ NAM, SA (EC. GT, KZN,
MPLNC, LIM), SWZ ZAM, ZIM, north to Kenva and
I'he Gambia
ZAM, also Congo, Gabon and D R Congo
ZAM
BOTS, MW, MOZ, SA (KZN), ZAM, ZIM; north 1o
Kenya and The Gambia, the form spemifera occurs in
Madagscw
MWL MOZ, ZAM: north to Uganda and Seerra Leone
ANG, BOTS, MWI MOZ, NAM, SA (KZN, MPL)
ZAM, ZIM. north 10 Kenya and The Gambaa
ANG, ZAM. sorth to Uganda and Seerma Leoee |
ZIM
ANG, ZAM; porth to Sierra Leone
ANG, MOZ, ZAM_ 7IM

| ZAM
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Species Distribution
Libellulidace (comt.)

fosoma pamorposdes Rambur, 1842 ascalaphosdes
Rambur, 1842

{cisoma trifidus Kueby, | 889
Dipdacodes demmuta Licftinek, 1999

Dvplaxc oxdes befebwrid (Rambur, 1542)
Dhiplacodes okavangoeraws Pinhey, 1976

Crocovkemis brevatigma Pmbey, 196]
rocovhemus drvisa Karsch, 1598

rocodhemis erythraea (Brullé, 1832)

roc othemis somguonolenia songuinolerta
Burmeister, 1539)

rocothemis savicolor Ras, 1919
Bradmopyga cormuta Ris, 1911

Hrachythemis lacusirss (Kurby, 1889)

Brachythemis Jewcosticta (Burmesser, 1839

Brochythemis wilsome Pinhey, 1942
Symprerum fonscolomby (Schs. 1840)

Simperrum aavan LaCrow, 192

Phslonomson huwunans (Kansch, 1893)

{0 omewra brordmane Sordmata Karsch, 1899
Trothemus acomita Licflanck, 1969

Irishemis aegualis aegualis Licftingk, 1965

Frathemis aegualis falconis Pinhey 1970
Trahemis anmudate anmulaw (Beauvors, 1807)

Trithemis anomala Pedey, 19%

ANG, BOTS. MWL MOZ, NAM, SA (TS, KN
MPL. LIM), ZAM, ZIM, north 10 Sudan, alvo Mada-
gascar, the subspecies sfanem occurs i North Africa
and the sveninotypical sebspeccs m Asia

ANG, ZAM. north 1o Kemya and The Gambia

MOZ, SA (KZN, LIM), ZAM, ZIM. (possably also
Kenya and Uganda)

ANG, BOTS, MWI MOZNAM. SA (EC FS. GT
KIN, MPLNC, LIM NW_ WO SWZ ZAM 7ZIM
porth W Europe and Asia. also Indian Ocean slands
BOTS, ZAM

LAM

ANG, BOTS, MW MOZ. SA (LIM). ZAM, ZIM
north 10 Sudan and Sencgal, alvo Madagascar

ANG, BOTS, LES, MWI, MOZ, NAM, SA (EC, FS
GT, KON, MPLONC, LIM_NW_ WO, SWZ ZAM
ZIM; north 10 Europe and Pakestan

ANG, BOTS, MWI, MCZ, NAM, SA (EC, FS. GT
KZN, MPLNC, LIM AW, WO), ZAM, ZIM. noeth o
Somalia and Bernun, also Madagascar, the subspocies
arabica ocours i the Levamt

MWL MOZ, ZAM, 7ZIM_ also 1L ibera

MWL MOZ, NAM, SA (KZN, MPL, LIM), ZAM
ZIM; north 10 Kenya

ANG, BOTS, MWI MOZ NAM, SA (KZN, M1
LIM, WO ZAM, ZIM. noeth %o Edvopia and The
Gambia

ANG, BOTS, MWI MO NAM. SA (KN MP
NC, LIM) SWZ ZAM, ZIM., noeth 0 Ewrope and
Asa Mece

BOTS, north 10 Uganda and Nigena

ANG, BOTS, LES, MWI, MOZ, NAM, SA (EC, FS
GT, KIN, MPL,NC, LIM, NW_WC), SWZ ZAM
ZIM. moeth to Europe and Mongolia, also msany islands
BOTS, MW NAM, ZAM, ZIM, north 10 Uganda and
the Gambia

ANG. BOTS, MW MOZ.NAM, SA (KZN, LIM),
ZAM, ZIM; north 80 Somalia and The Gamnbia, also
Assumption [sland

MWL MOZ, ZAM, 7ZIM; north to Tanzania, D R
Congo and Nigena, with other subspeces m Koma
and Fthiopea

MWL MOZ, SA (KIN, ML), ZAM, ZIM. porth 0
Kenya and Ivory Coast

ZAM

BOTS

ANG, BOTS, MWI, MOZ, NAM, SA (KZN, MPI
LIM, WCO), ZAM. north to “urope and Asaa

Minor, also Madagascar and Mascarenes

ZAM
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Species  Distribution
Libellalidac (cont.)
Trithemus arteriosa artersosa (Burmester, | ANG, BOTS. MWI, MOZ. NAM, SA (EC, FS, GT,
1539 RIN, MPL,NC, LIM, NW, WCO), SWZ, ZAM,
ZIM. north %0 Somala, Morocco and The Gambea
Trivhemus bifide Pinhey, 1970 ZAM, ZIM_ also Nigena and Ivory Coast
Trishemis brydent Pinhey, 1970 BOTS, ZAM
Trathemes dichroa Karsch, 1893 ANG, ZAM. north 10 Sedan and Sierma Leone
Trishemis domaldson: domaldsoms (Calvert, ANG, MOZ SA (KZN, LIM, WC), ZIM, north to Soma-
1899) lia and Nigena (V)
Truthemus dorsalis (Rambur, 1842) ANG, MOZ SA (EC, FS. GT, KZN, MPL, NC, LIM,
NW, WO, SWZ ZAM, ZIM. nouth 30 Kenya and D R
Congo
Trithemis furva Karsch, 1899 ANG, LES, MWL, MOZ, SA, (EC, FS, KIN, MPL. NC
WC), SWZ ZAM. ZIM, north to Ethaopia and Ivory
Coast
Trithemis grosst Paaiey, 1961 arra Pin- ANG, ZAM. also Gabon and D. R. Comgo, the nomino-
hey, 1961 typscal subspecies occurs from DR Congo 1o Nigenia,
but there & some confiusion between the two subspecies
Trichemis hecave R, 1912 BOTS, MWL MOZ, NAM, SA (KZN, MPL). ZAM ‘

| ZIM. north 10 Tanzania and The Gambia, also Madagas-
car, and Comnores ‘
Trithemus karbys Selys, 1891 ardens Ger- ] ANG, BOTS, MWL, MOZ, NAM, SA (EC, IS, GT,

staccker, 1891 KIN, MPL. LIM, NW_WC), ZAM, ZIM. north 10 1
i the Arabian Penvmsula and The Gambia, the nominotypi-

cal sebspecics oocurs across Asia |

Trivheris monards monardy Ris, 1931 | ANG, BOTS, NAM

Trithemus momards insuffiesa Pinhey, 1970 ANG, MWL, MOZ ZAM, ZIM

Trithemis mapnialis Karsch, 1854 ANG. ZAM, noeth 10 Uganda and Sierra Leone

Trohemes pluvialis Foester, 1906 ANG. MWI, MOZ, SA (FS, KZN, MPL, LIM), ZAM,
ZIM, north o Kenya and D R Congo

Trichemis pranata Karsch, 1899 ZAM; north to Uganda and Gunca

Trithemus sictice (Burmeister, 1839) ANG. BOTS, MWI, MOZ, NAM. SA (EC, FS, GT
KZN, MPL, LIM. NW, WC). ZAM, ZIM, noeth
o Edvopia and Ivoey Coast

Trithemis wermerr Ris, 1912 ANG, MWL MOZ, SA (LIM). ZIM. north 10 Sucan

Zypownx atrwibiae Pinhey, 1964 IAM

Zygovnx ewsebia (Ris, 1912) ANG, ZAM_ also D R Congo

Zygomx flavicosta (S)ostedt, |899) ANG, ZAM. the nomemotypical subspecies occurs from

e uhngoe Py, 1961 Uganda 10 Sierra [eone

Zygomx masalensis (Martin, 1900) ANG, BOTS, MWL, MOZ, SA (KZIN, MPL, LIM. WO,
ZAM, ZIM. soeth 10 Kenya and Guinea, the ssbspecios
elizabethae occurs in Madagascar

| Dygonyx regisalberts (Schouseden, 1934) ANG; also D R Congo
Zygonyx speciosa (Karsch, 1891) ANG; north from D R. Congo to Nigenia
| Hygonyx torrstus (Kuby, 1899) ANG, BOTS, MWL, MOZ, NAM, SA (KZN, ML,

LIM), SWZ ZAM, ZIM. morth %0 Furope and Assa, -
choding Mauntius and La Réumon

| Olpogastra fuelleborni Grunberg. 1902 ANG, BOTS, MWL MOZ, NAM, SA (KZN. MPL, WC), |
ZAM. ZIM; noeth o Sudan and Nigena

| Olpogastra lugubris (Karsch, 1895) BOTS, MWI, MOZ, NAM, SA (LIM), ZAM, ZIM.
north 0 Kenya and The Gamba
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Species

Libellalidac (cont)
Riyothemis mariposa Ris, 1911
Rinvotkemis notara (Fabnicwus, 1781)
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Distribution

ANG, NAM, ZAM. also D B Congo
ANG, BOTS, MWL NAM, ZAM, north 10 Uganda and

| The Gambna

Rinothemis semanaling semiina’ing
Desymeding, 1832)

Oyvomma anlamticam Selvs, 1859
Parazyxomea flavicars (Martin, 1908)

Thodymis ndlarga (Fabncus, 1798)

Pansala Mewscens (Fabricsss 1798)

[ramea hasilorts (Beauvos, 1817

Tramea compmersalis Selvs, 1878

Urothemus assigmana (Selys, 1872)

Urovhemis edwardsw edwardsir (Selys, 1849)

Urothemus lwciana Balinsky, 1961

{ethriomania rezia Kuchy, 1589

Macrodiplax cora (Kaup o Braver, 1867)

ANG, BOTS, MWL MOZ, SA (KZN, MPL, LIM), ZAM

ZIM, north 8o Algenia and The Gamiba, also Madagascar,

Mawnitius, Sevehelles and soexe other slands

MOZ, SA (KZN), north 1o Uganda and Sencgal

BOTS. SA (KZN), ZAM, ZIM. north to Uganda and The
Caamdia

BOTS, MWL MOZ, NAM, SA(GT, KZN, LIM). ZAM
ZIM, Afrotrogecal, Asian and Australan

ANGL, BOTS, LES, MW, MCZ,NAM, SA (EC FS, GT
KIN MPLNC, LIMNW WOLSWZ. ZAM. ZIM
globally pantropical

ANG, BOTS, MWL MOZNAM, SAIGT, KZN. MM
LIM), ZAM, ZIM, contmental Africa, some ishands and
Asia

BOTS, MOZ, SA (KZN, WC), ZIM, coastal contmental
Afrsca north %0 Somalia and Sencgal. also Assumptaon ls-
land. Madagascar and Sevchelles

ANG, BOTS, MWL MOZ SA (KZIN, MPL, LIM), ZAM
ZIM, north 10 Somalia and Sencgal

ANG, BOTS, MWI, MOZ_ NAM, SA (KZN MPLLIM)
LZAM, ZIM, north 10 Sudan and The Gambia, the sebspe-
cies huloe ocours'wsed 10 occur in [seael

SA (KZN). also Somala, Socota. Mauritius, Asia and
Australia

ANG, BOTS, MWI MOZ. NAM.SA IKZN ML)
ZAM, ZIM; north 10 Kenya and The Gambia, also Mada-
fasca

SA (KZN). also Somalaa, Socotra, Mauntius, Asia and
Austzalia
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CHAPTER 4

PLECOPTERA

by

DM Stevens & M.D. Picker

The Plecoptera, or stoneflies, comprise a minor, primitive, aquatic
order of the Neoptera (insects that are able to fold their wings), with about
2000 species worldwide, occurring on all continents except for Antarctica
(Theischinger 1991). The name Plecoptera’ means 'folded wings'

Habitat

The nymphs of almost all species are aquatic, with most being found in
cool, perennial streams. A few species are adapted to lakes, and others to
temporary streams that dry up in summer (Stewart 1996). All the southern
African stoneflies have aquatic nymphs which are restricted to streams or
rivers. The nymphs may be found clinging to the submerged parts of large
rocks, stones and the gravel on the stream bed, and to leaf packs and twigs.
They may also be found in the hyporheos (Sanchez-Ortega & Alba-
Tercedor 1990). Adults are found on the dry parts of partially submerged
rocks, and within a short distance from the stream on rocks and ripanan
vegetation. On overcast or dnzzly days the adults may be found on
exposed surfaces, but on hot sunny days they take refuge in the cool damp
microenvironment under stones and boulders (Picker 1985). Stonefly
nymphs generally cannot tolerate thermal or organic pollution

Reproduction and life history

The adults live for only a few days to a few weeks. Females are gener-
ally larger than males, and males of many species attract and court females
by drumming the abdomen on the substrate where they will mate. This
behaviour has not, however, been reported in stoneflies from the southern
African region. During mating, the male climbs on top of the female and
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curls the tip of his abdomen underneath hers, enabling the female subgeni-
tal plate 1o interlock with the male epiproct (supra-anal lobe), and/or other
copulatory structures. The terminalia vary greatly among the different
families and genera. Mating may last several hours and sperm are trans-
ferred by one of a vaniety of structures such as the aedeagus, the paraprocts
and the epiproct. Eggs are laid on the surface of the water, or below the
surface, and become attached to the substrate by various anchoring meth-
ods (Stewart 1996). The life cycle is most commonly univoltine, but many
species are semivoltine, with the life cycle lasting from two to as long as
six yvears (Frutiger & Imhof 1997). Dhapause 1s known to occur in both the
embryonic and nymphal stages under extreme environmental conditions
(Stewart 1996). Eggs take three to four weeks to hatch, followed by a vani-
able number of nymphal instars. The final instar, easily recognisable by its
black wing pads, crawls out the water onto a dry stone or vegetation 1o
emerge from its exuvium as the adult stonefly. These exuviae (also called
shucks) remain attached to the substrate for a few weeks after the adult has
emerged. An adult stonefly may often be found in close proximity to its
shuck. The life cycle is hemimetabolous. The exact life history of southern
African plecopterans is unknown. The life cycle of the Notonemouridae is
probably univoltine, but the number of instars is yet to be established

Feeding

Feeding habits of the nymphs vary and include detritivery and herbi-
vory (shredders, gatherers, scrapers), omnivory, and predation. Feeding
habits may even change with the developmental stage of the nymph
(Stewart 1996). Adults gencrally feed on algae, lichen and other plant
material, although some do not feed (Gullan & Cranston 2000),

The nymphs of the Western Cape genus Aphanicerca (Notonemouridae)
are shredders of leaf detritus, a major source of carbon in streams, with the
microbial slime layer on decomposing leaf matenal thought to provide a
source of nitrogen (Reynolds et al. 1997). Captive adult notonemourids
will eat proteinaceous commercial fish flakes, so they probably do feed in
the wild. The nymphs of another local stonefly genus, Neoper/a (Perlidac),
are voracious camivores, preving on nymphal mayflies and simulids;
adults of Neoperla probably do not feed (Picker 19835)

Economic importance

Stoneflies are useful indicators of water quality (Dallas & Day 1993),
and their disappearance from a stream may indicate that thermal or chemi-
cal pollution has occurred. Stonefly nymphs, and adults that fall onto the
water surface, are preyved on by larger camivorous insect nymphs, frogs
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and fish, and form part of the food chain that supports economically
important fish such as trout. Indeed, fly-fishermen tie flies that mimic adult
stoneflies.

Southern African plecopterans

Of the 16 families of Plecoptera, only two occur in Africa: the Perlidae,
found throughout Africa, and the Notonemouridae, restricted to southern
Africa. The family Perlidae is represented by a species-complex (Picker
1980) of an unknown number of species, while the family Notonemouridae
has been well collected and comprises 31 species in six genera. The
group's centre of adaptive radiation is the Western Cape, accounting for
more than half of the known species. Most of the southern African species
are restricted to small areas. For example, two species, and one variety of a
third species, all of different genera, are found only on Table Mountain. It
is therefore likely that new notonemourid species may be found in remote
mountain streams of southern Africa.

The nymphs of the Notonemouridae occur in cold, fast-flowing streams
with stony substrates, and even in the moss-covered trickles on mountain-
sides, providing these are perennial or flow underground during the dry
scason. They may also be found in some streams that flow only in the
rainy scason, suggesting that these particular streams are perennial, but
flow underground during the dry months. They are absent from stagnant,
quiet, water bodies or slow-flowing deep rivers with sandy substrates.

The nymphs of the Perlidae have gills, and can better tolerate the lower
oxygen concentrations of warmer water than the notonemourids. As well
as occurring in fast-flowing mountain streams, perlids may also be found
in rather warm, sluggish, turbid rivers (Picker 1985).

Collection and preservation

Nymphs can be obtained using any sampling method designed to catch
invertebrates from rock surfaces and gravel of stony stream beds. For spe-
cific collection of nymphs, stones should be lifted from the margins of the
stream. The nymphs will remain motionless for a short time and will then
start to slowly wriggle across the surface of the stone. They can be hand-
picked carefully and transferred immediately into a vial of 70% alcohol.

Laboratory rearing to the adult stage may be necessary for identifica-
tion to species level. In this case the nymphs should be transported to the
laboratory in cold stream water, and transferred to an acrated tank, prefera-
bly kept in a cold constant-temperature environment. The tank should be
provided with a rough substrate (for nymphs to grip onto) and partially
submerged sticks or stones to allow the final instars to climb out the water.
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A net covering over the tank will prevent the newly emerged adults from
escaping. Commercial fish flakes are suitable food for the notonemourids,
while perlid larvae require live insect larvae such as blackfly larvae.

In natural environments, the adults usually sit still on the rocks for long
enough to facilitate capture. Once alerted to danger they will generally
scurry along the surface before coming to rest in a safe microenvironment,
usually under the rock or in a crack. If further pestered, they may leap into
the air and fly weakly for a short distance. They can be caught by simply
placing an alcohol- or water-wetted finger lightly on top of the insect, so
that the wings stick to the finger, after which they are transferred to a con-
tainer filled with 70% alcohol. To obtain living material, they can be cap-
tured by placing an open vial over the insect, which can be induced to en-
ter the vial by sliding a thin piece of plastic or paper underneath, or by
moving the vial around gently.

Conservation

Because of their dependence on pristine conditions, and their high lev-
els of endemism, plecopterans can be regarded as vulnerable. The stocking
of streams with trout combined with gradual degradation of freshwater
ecosystems and the inadequacy of conservation measures has resulted in a
decline in the conservation status of certain species, some of which are
now vulnerable to extinction. Indeed, a number of species are known only
from single stream localities. Preservation of the catchment in which these
rare species occur is essential for their survival (Picker & Stevens 1999)
In spite of considerable collecting effort, Aphamicerca tereta has not been
found since its discovery in the 1920s (Barnard 1934), suggesting that it is
cither very localized or extinct. The Plecoptera do not have Red Data list-
ing, but many species are endangered due to their very narrow distribution
ranges, and the following are candidates for inclusion in future Red Data
Books, where their status would be recorded as endangered: Aphanicerca
tereta, Aphanicerca wncinata, Aphanmicerca gnua, Aphanicerca bovina,
Aphanicerca capensis varicties (1o be described as species), Aphanicercella
nigra, Aphamicercella securata, Balinskycercella fontium, and Afronemowa
stuckenbergi.

GENERAL DESCRIPTION OF SOUTHERN AFRICAN PLECOPTERA

Although adult plecopterans are not aquatic, they are included in this
guide because:

* Identification to species level using nymphs is impossible unless the
adult genitalia are visible through the translucent cuticle of the final
mstar nymph. If mature nymphs are present in a benthic sample,
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knowledge of adult genitalia will enable accurate identification to spe-
cies level. When black-wingpad nymphs are not present, however,
specimens can usually be identified to generic level,

*  Adults may madvertently be included in a sample of aquatic inverte-
brates when washed ofT the underside of a partially submerged rock.

* At the end of an emergence season, a few adults may still be present in
the absence of nymphs. These are casily obtained by sweeping the
riparian vegetation or using emergence traps.

Stoneflies are morphologically a highly variable and divergent group.
with different families showing major differences in the structure of the
genitalia. The nymphs are streamlined, an adaptation to life in fast currents
(Figs 4.2-4.4). The body is dorsoventrally flattened, and the legs positioned so
that the body is kept flat against the substrate. The antennae are long and
filiform; the compound eyes are large and three ocelli are present. The
elongate body is clearly demarcated into three thoracic and 10 abdominal
segments (Figs 4.2-4.4, 4. 18A). Nymphs can swim weakly, but normally
crawl sluggishly over the rock surface, and can be casily recognized by the
pair of long, posterior, multi-segmented cerci. They can be confused with
mayfly nymphs, but most ephemeropterans have three cerci, and swim and
crawl vigorously. On the meso- and metathorax older stonefly instars show
developing wing pads. They lie parallel to one another, with the fore pair
more widely separated than the hind pair. The wing pads tum black in the
final instar just prior to emergence of the adult. Gills may be present
(Perlidae: Fig. 4.18A) or absent (Notonemouridae: Figs 4.2-4.4). The
stonefly nymphs retain the same body shape throughout life.

The adults are small to medium sized, narrow-bodied insects, the length
(excluding the wings) of notonemourids being about 4-9 mm, while that of
perlids is about 20-25 mm. Notonemourids are brown to lead-grey in col-
our, while perlids are a yellowish-tan colour. Both have long, filiform an-
tennae, large compound eves and three ocelli. The notonemourids lose
most of the nymphal cerci, retaining just one segment which hardly pro-
trudes bevond the caudal extremity of the abdomen, and is not visible
without a hand lens, whereas in the perlids the whole length of the cerci is
retained in the adult. The two sub-equal pairs of wings are folded back
over the elongate soft body, and in the notonemourids are furled closely
around the abdomen. Brachyptery and aptery occur in a few species of
notonemourid. The head is triangular, the head and thorax are dorsoven-
trally flattened, and the cylindrical abdomen is slightly narrower than the
thorax. The abdomen comprises 10 segments, with vestiges of segments ||
and 12 modified to form the male external genitalia (Figs 4.7, 4.18B & C). The
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genitalia of the notonemourids are vastly different from those of the perlids
(see later). Species are separated on features of the exterral genitalia, with
the males being far more casily identified than the females. The large eggs
of female perlids are also useful diagnostic features.

KEY TO THE SOUTHERN AFRICAN FAMILIES
OF PLECOPTERA: ADULTS

1. Cerci short and single-jointed; first and third tarsal segments much longer than
second segment; labial palps very short, not extending beyond the glossae
(Fig. 4.1B) . i Notonemouridae

- Cerci long and multi- \q,mcnlcd ﬁm and sccond tarsal segments equal in
length, and much shorter than the third segment; labial palps very long,
extending far bevond the glossae (Fig. 4.1A) ..ovvvvvviiivicinioinnn. Periidae

KEY TO THE SOUTHERN AFRICAN FAMILIES
OF PLECOPTERA: NYMPHS

1. Gills absent; no comb of long hairs on caudal margin of femora and tibiae

(Figs 4.2-44) — SOT— [ OT T LT T P
~ Gills present; comb of long halrs on caudal margin of femora and tibiae
(Fig. 4.18A) .. T T U Perlidae
paraglossac
glossac _
A
B

Fig. 4.1 Plecopiera: structure of the latwam: A, in Perhidae, B, = Notonemoundae
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Family Notonemouridae Ricker 1950

Ihe family Notonemouridae is endemic to the Southern Hemisphere,
although these stoneflies are considered to be a derived subgroup of the
northern suborder Arctoperlaria (Zwick 1973). Notonemourids have tem-
perate affinities, being recorded from the mountains of the Western and
Eastern Cape Provinces, the southern Cape, Lesotho and KwaZulu-Natal
Drakensberg, the midlands of KwaZulu-Natal, and as far north as the
Mpumalanga Drakensberg (Stevens & Picker 1995). They are a typical
Gondwanan group, with relatives of the same family in the other southern
continents,

Species from the southem African region were first described by
Tillyard (1931), Bamard (1934) and Balinsky (1956 and 1967). lllies
(1980) described a new genus, Afronemoura, and a revision of the family
resulted in the description of another new genus, Balinskveercella (Stevens
& Picker 1995). The resolution of the Aphanicercella barnardi species-
complex added five new species (Stevens & Picker 1999). A further four

new species were described by Picker & Stevens (1999). Descriptions of

the nymphs of the most common species were provided by Picker & Ste-
vens (1997),

Nymphs

The nymphs do not possess gills and are relatively small, reaching a
maximum length of about 12 mm. All stonefly nymphs are covered in fine
‘clothing hairs' (Hynes 1941) that are not taxonomically useful. It is the
pattern and number of longer and thicker hairs, setac and bristles, that
prove to be definitive characters in this family (Table 4.1; Figs 4.5 & 4.6).
I'hese charactenistics are particularly important when situated on the poste-
rior margins of abdominal segments, as well as on the antennae, wing
pads, tergites and sternites

Another taxonomically useful character is the extent of fusion of the
abdominal tergites and stemites, the most anterior segments having the ter-
gite and sternite separated by a pleurite, but more posteriorly fusing to
form a ring (Picker & Stevens 1995) (Table 4.2). The fractional values in
the key and Table 4.2 represent cases of incomplete fusion of sternite and
tergite, where only the anterior half of a segment, when viewed laterally,
has the tergite and sternite separated by a narrow membranous pleurite,
Colour patterning is variable and, as such, is not widely used as a taxo-
nomic character. The mandibular formula for each genus in the key to gen-
era (nymphs) gives the number of incisors of the right:left mandible
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Table 4.2. Number of segments with pleurites (counted from segment 1)

Species Mean number of pleurites
{phanicerca bicornis SS(n+= 1)
dphamicerca lyrata 50(n~ 1)
{phanicer Wensis SOin 7)
Desmonemowra pulchellum §0(n~ 3
{fromemoura amalolae S n=1
iphanicercopsis denticulata 40(n=2)
Aphanicercopsis outeniquae 3.0(n=4)
{phanicercopsis tabularis 3 5(n=2%5)
iphanicercella clavata 60(n=19)
iphanicercella scwata 65(n=1)
{\phanicercella bifwrcata 6.0(n~ 14)
iphanicercella casaida 60n~11)
Balinskveercella ugela 15n~1)

In the south-western parts of the Western Cape nvmphs are commonly
found from February through 1o August, although nymphs of some species
may still be found as late as December. In the more eastern parts of the
country the nymphs occur later in the vear, coinciding with the rainy sea-
sOn,

I'he adult genitabia are visible through the cuticle of the final instar
nymphs. The insect should be pinned with fine pins under alcohol, and dis-
sected from the dorsal side. The translucent cuticle covering the posterior
abdominal scgments is removed using fine forceps to expose the genitalia
I'he genitalia can then be examined under the stereo microscope for the
purpose of further identification. Males are more casily identified than fe
males

lhe nymphs of three genera are easily recognized: the final instar of

Desmonemoura shows obvious light and dark banding of the wing pads
(Fig. 4 3A). A unique feature of Afronemoura is the thick, conspicuous tuft
of hair on the antennae (Fig. 4.2C). In Aphanicerca nymphs, the hairs on
the medial aspect of the proximal segments of the antennae are longer

than the other antennal hairs (Fig. 4.3C). The remaining three genera are
separable on more subtle characters given in the key
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Adult genitalia

Males can be distinguished from females by the presence of accessory
reproductive structures located dorsally on the terminal segments of the
male abdomen. In the Notonemouridae the epiproct or supra-anal lobe
(Fig. 4.7) is found in all the genera, and is the main structure used in dif-
ferentiating between males of many of the species of Aphanicercella
(Figs 4.13-4.16), and also between the males of Aphanicercopsis (Figs 4.12E-H).
It is located dorsally and terminally, and is a long, narrow or broad,
median, sclerotized structure with its posterior end attached to the abdo-
men and is directed anteriorly. The paraprocts (Figs 4.7, 4.13-4.16) are
paired structures anising ventrally and curving upwards over the posterior
aspect of the insect. They form the intromittent organ for the passage of
sperm (Barmard 1934), and are taxonomically useful in separating the
members of the Aphamicercella harmardi species-complex (Figs 4.13-4.16)
(Stevens & Picker 1999). The paraprocts comprise a number of sclerites in
addition to the sofl-tissue components. The basal supporting processes of
the paraprocts (Figs 4.13-4.16) are structures originating on the trans-
verse rods, lateral to the median arch. The transverse rods are transverse
struts medially producing the basal supporting processes and primary sup-
porting struts of the paraprocts. Thinner secondary supporting struts may
also be present. The arch processes are extensions of the median arch,
which lies in the midline between the two transverse rods. The spinous
process is a slender process ansing from the arch process in some species

The paired dorsal lobes of tergite 9 are unique features of Aphanicerca,
the variability in shape and size providing the main diagnostic characters
of the different species (Figs 4.7A, 4.10A & C, 4.11A-E). They project
posteriorly from the posterior margin of tergite 9, are large, cylindrical,
and ofien bear spinules or denticles on the disto-medial aspect. Their func-
tion is unknown, but in Aphanicerca capensis, and probably also in the
other species, they press rhythmically against the abdomen of the female
during copulation.

Desmonemoura also has a modification of the posterior margin of ter-
gite 9, in the form of paired, posteriorly-directed, elbow-shaped, Nattened
processes, terminating in a small spine (Figs 4.7F & 4.16E). Unique features of
this genus are the very long, single-jointed cerci, and the equally long posteri-
orly-directed clasper of pleurite 10 (longer than the claspers of Aphamicercella),
the lengths of which serve 1o separate the two species in the genus

The median plate of tergite 10 lies ventral to the epiproct, between the
two lateral plates of tergite 10, and in Balinskycercella bears an anterior
hook (Figs 4.7E & 4.12A & C). Afronemoura can easily be recognized by
one or two spines on the posterior margin of tergite 9 (Figs 4.7C, 49A & (),
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The female genitalia are rather simple in comparison to those of the

male. The genital opening is located at the caudal margin of sternite 7 in
Aphanicercella and Balinskycercella, and sternite 8 in the other genera. The
shape of the subgenital plate, which is the sternite overlying the genital
opening, is taxonomically useful, as is the degree and pattern of sclerotiza-
tion of the sternites (Figs 48, 49B & D, 4.10B & D, 4.11F-1, 4.12B & D,
1.16F, 4.17).

Lad

KEY TO GENERA OF THE NOTONEMOURIDAE: NYMPHS

Conspicuous tuft of coarse setae situated at one-third of the length of the anten-
nae from the base, on closer examination comprising two groups of setae
located approximately cn segments 26 and 27, pleurites on abdominal segments 1-5;
body appears smooth, but bearing fine shoet translucent setae (Fig, 4.5 1-J); mandiby-
lar formula 4.6 . . ' e o Afronemoura (Figs 42C & D)
No wfls of setae on antennae . doups ‘ P . 2

Enlarged medial hairs extending from base to half the length of antennae; com-
pound eyes very small; body virtually free of setae (Fig 4.5 A-B); pleurites on
abdominal segments 1-5 or sometimes 1-5.5; mandibula formula 5:6

B it L — Aphanicerca (Figs 43C & D)
No medial enlarged antennal hairs . TS —— .|

Body with numerous long setae (Fig. 4.6)................ TR |
Body appears smooth; seta¢ short and inconspicuous \\hcrc present (Figs 4.5G
& H K-P)....... PR . ; 5

Complete whorls of long setae on all abdominal segments (Fig. 4.6 I-J); incom-
plete mid-ventrally; pleurites on abdominal segments 17 or sometimes 1-7.5;
wingpads evenly covered in long bristles; mandibular formula 6:6
Balinskycercella (Figs 4.4C & Dl
Im«)mpktc whorls of setae on .lbdomuul segments (Fig. 4.6 A-H), dorsal setae
situated medially and not reaching lateral margins (exceptions have complete
whorls restricted 1o segments 8~10); pleurites on abdominal segments |1-6 or
sometimes 1-6.5; mandibular formula 4:5...... Aphanicercelia (Figs 4 4A & B)

Abdominal segments 1-3 or 4 having pleurites; prothorax appearing circu-
lar, being of equal length and breadth with curved lateral margins; eves very
small; mandibular formula 4:4 .. dphanicercopsis (Figs 4 2A & B; 4 SK-P)
Abdominal segments 1-5 or 6 having pleurites; prothorax rectangular; wider than
long: lateral margins straight; eves round and very large: wingpads strikingly
barred in more mature nymphs; occasionally with slightly enlarged medial hairs
on first few antennal segments; mandibular formula 5:6 ;
Desmonemonra (Figs 4.3 \ & ll 4 SG & H)
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KEY TO GENERA OF THE NOTONEMOURIDAE: ADULT FEMALES

I.  Sternite 8 forms subgenital plate (Fig. 4 8A-C. F).......... 2
Stemite 7 forms subgenntal plate (Fig. 48D & E)............... 5

-

2. Wings strongly banded transversely: subgenital plate bilobste with a deep tn-
.mgular incison pmtcriurl_\ , sternite 7 bearing a transverse median bulge
Desmonemoura (Figs 4 8F, 4.16F)
Wings not bandcd transversely; no deep incision in subgenital plate; no struc-
QGG SIETIND T covvisovnssusisammuissmonmensssariiossitvarssbommmnsosssamssssomniolivbloitrsssiciiid

3. Large clear patch in middle of forewings; cerci short and cylindrical; subgeni-
tal plate short or elongate Aphanicerca (Figs 4 8A, 4. 10B & D, 4.11F-])
- No clear patch in middle of forewings; cerci very short and conical; subgenital
plate elongated to form an ovipositor-lke Structure ........covovciecccincivennnn.

4 Suhgcmlal plate brown with distal tip slender and obscured by hairs
. Afronemoura (Figs 4.8C. 49B & D)
\ubgcn tal platc cream \ulh dxsul tip robust and glabrous
Aphamicercopsis (Fig. 4.8B)

5. Subgenital plate (sternite 8) often strongly developed and intensely sclerotized
When weakly developed and not intensely sclerotized, may have trilobate pat-
tern of light sclerotization (A cassida), or when sclerotization pattern absent,
may be confused with Balinskycercella The latter is however, larger, and geo-
graphically distant from the distribution of Aphamicercella

Aphamcercella (Figs 4 8D, 4.17)
Subgenital plate weakly developed and weakly sclerotized
Balinskycercella (Figs 4. %l 4 12B& D)

Afronemoura lllies 1980

Afronemowra species were originally placed in the genus Aphanicercopsis
(Balinsky 1956, 1967). In 1980 the two known species, Aphanicercopsis
amatolae and A. spinulaia were moved to the new genus, Afronemoura
(Illies 1980), and a third species, A. stuckenbergi, added in 1999 (Picker &
Stevens 1999).

The nymphs are characterized by a wft of setae about one-third of the
way up from the base of the antennae (Fig. 4.2C). The adult males are char-
acterized by the presence of one or two posteriorly-directed spines on the
caudal margin of tergite 9 (Figs 4.7C, 4.9A & B). Of the thres species, only
the nymph of A. amarolae has been described (Figs 4.2C, 4.51 & J). The key
to the adult males will enable accurate identification of mature nymphs of all
three species at the black-wingpad stage.
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KEY TO SPECIES OF AFRONEMOURA: ADULT MALES

-

C)

~

Two medial spines on posterior margin of tergite 9 2

. One medial spine on postenior margin of tergite 9 i spunulaia(Fig 4

2. Postenor margin of tergite 9 convex: two spines widely separated

1. amarolae (Fig. 4.9C)
Posterior margin of tergite 9 bilaterally concave; two spines close together
and connected by a sclerotized band ... vereeeseee A, Stckenbergi (F1g. 4.9A)

Afronemoura amatolae (Balinsky 1956)

Characteristics of the mymph (Figs 4.2C, 451 & J; Tables 4.1 & 4. 2)

Individual nymphs of the species are large, the body length of the only
measured mature male nymph being 6.8 mm. The diagnostic group of enlarged
setae are situated approximately one-third of the way up the antennae, first
evident as gradual enlargement of setae for seven segments, followed by
dense tufts of enlarged setae on the next three to four segments. The body
appears smooth, but bears enlarged stout spines on the posierior margins of
tergites 8-10; pleuntes are evident on the first five segments

Characteristics of the adult genitalia (Figs 4.8C. 4.9)

The posterior margin of the male ninth tergite is posteriorly convex and
bears two separated spines on either side of the midline. The apex of the fe-
male subgenital plate is bifid, with the two lobes separated from the main
body of the plate by a definite neck region
.‘\" (& Y'Iu'\

I'his species has been found in disjunct areas, occurring in the Amatola
Mountains (EC) in the south, and the Mpumalanga Draxensberg in the
north. It has not been recorded from suitable mountainous habitat between

these zones. It is sympatric with A. spinwlata in the Amatola Mountains
(EC) and in the Grahamstown district (EC)

ifronemoura spinulaia (Balinsky 1956)

Characteristics of the nymph

Nymph unknown

Characteristics of the adult genitalia (Fig. 4.7C)

I'he posterior margin of the ninth tergite of the male forms two adjacent
anterior concavities, with a single sclerotized spine on the apex of the me-
dian point between the two indentations. The apex of the female subgenital
plate is bifid, with no neck between the main body of the plate and the base
of the lobes
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Records

A spinulata 1s a widespread species, occurring from Grahamstown,
Hogsback and the Amatola Mountains (EC) in the south, to the KwaZulu
Natal midlands, apparently restricted to forest streams. The species has not
been recorded from mountain streams of the nearby KwaZulu-Natal Dra-
kensberg. Specimens from Ngome Forest (KwaZulu-Natal) are unusual in
that the males have a particularly large spine on tergite 9 and females show
a polymorphism for subgenital plate (ovipositor) length, which i1s either
short or very long.
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Fig. 4.9 Fuemad peantalia of two Afronemonrs species A-B, 4 sacdenbergi A, male (dorsal view

B female (ventral view) C-D. 4 amarodor C. male (dorsal view). D, female. subgenital platc onky
(ventral view) (A-B from Picker & Sievens 1999, C D afer Balinsky 1956
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Afronemoura stuckenbergi Picker & Stevens 1999

Characteristics of the nymph
Nymph unknown.

Characteristics of the adult genitalia (Fig. 49A & B)
The posterior margin of the ninth tergite of the male forms two adjacent

anterior concavities, with two adjacent sclerotized spines on the apex of

the median point, joined together by a sclerotized band. The female sub-
genital plate tapers to a parallel-sided terminal projection of which the dis-
tal half is bifid; about halfway along the length of the tapering part of the
subgenital plate, the lateral margins bear a rounded projection not found in
the other two species.

Records
Only collected from the type locality in Mariepskop (Mpumalanga).

Aphanicerca Tillyard 1931

lhere are eight species in this genus, of which two—A. chanae and
1. gnua—were only recently described (Picker & Stevens 1999). The
nymphs of any instar of this genus can be recognized by the longer hairs
on the medial aspect of the proximal third of the antennae. The species can
be identified in black-wingpad nymphs by examining the paired dorsal
lobes of tergite 9 of the adult male genitalia (which vary in shape and size
according to the species) and the epiproct. If the epiproct is not readily
examinable, a comrect identification can nevertheless be made on the
appearance of the dorsal process by reference to Figs 4.7A, 4.10A & C and
4.11A-E. The females can usually be identified on the shape of the sub-
genital plate (Figs 4.8A, 4,108 & D, 4.11 F-1). The adults are readily dis-
tinguished in the field by the large clear patch on the forewings, which is
visible in the live insect as a pale disc in the median plane on the folded
W mgs.

KEY TO SPECIES OF APHANICERCA: ADULT MALES

|, Epiproct bears a denticulate convexity on ventral surface in lateral view . ... 2
No convexity on ventral surface of epiproct ..o.ooovvviccierrcncinrens 6

(¥ ]

Lobes of dorsal process of tergite 9 long, directed posteroventrally proxim-
ally and then gradually curving strongly upwards ........... 4. gnua (Fig. 4.10A)
Lobes of dorsal process of tergite 9 not curving strongly upwards, but may be
curved or bent medially or be subparallel — ; 3

3. Distal third of lobes of dorsal process of tergite 9 curved strongly medially,
and no ndge of spinules present ... . A hyrata (Fig. 4.11C)
Distal third of lobes of dorsal process ot mgllc 9 not curved strongly medi-

ally, although they may be clbow shaped, subparalkl or have a slight medial
curve over entire length ... . e 4
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4. Lobes of dorsal process of tergite 9 bear a very conspicuous ridge of dorsal or
medial spinules distally 5
Lobes of dorsal process of tergite 9 slender Jnd md‘l\ up.nul :d distal 10 the
base, becoming subparallel or with a slight medial curve, with an inconspicu-
ous row of minute dorsal spinules over almost the entire length

A. bicornis (Fig. 4.118B)

S.  Lobes of dorsal process of tergite 9 bear a very dense and intensely sclerotized
dorsomedial ridge of small spinules in the distal half, and may be twisted at
the origin of that ridge .. — —— -.A. capensis (Fig. 4.TA)
Lobes of dorsal process of tergite 9 u'ul\ m.-mmd mth a medial ridge of
large denticles originating slightly distal to the second curvature of the lobe

1. chamnae (Fig. 4.10C)
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Aphanicerca capensis Tillyard 1931

Aphanicerca capensis, the Common Cape stonefly, is the most com-
mon southern African notonemourid, and only one of two species with a
common name.

Characteristics of the mymph (Figs 4 3C & D, 4SE& F; Tables4.1 & 4.2)
Nymphs of this species are large—male body length about 90102 mm:
female body length about 11.4-12.8 mm. The medial hairs of the proximal
third of the antennae. including the pedicel. are far longer than the lateral
hairs. The abdomen appears smooth with a fine comb of setae on the pos-
terior margins of segments; pleurites are evident on the first five segments

Characteristics of the adult genitalia (Figs 4 TA, 4.8A)

Males can be identified by the convexity on the ventral surface of the
epiproct and by the shape of the dorsal process of tergite 9. The distal half
of the dorsal process angles to the median line of the insect by differing
degrees, depending on the geographical variety, and is adomed by a dense
row of small spinules on the dorsomedial margin. The females can be iden-
tified by examination of the shape of the subgenital plate (stemite 8). The
shape of the posterior margin varies, from a slight indentation, to a very
long and slender process, again depending on the geographical varety or
form of this species.

Records

A capensis is a widespread species, occurring in the Western Cape
from the Cederberg in the north, through Table Mountain and the moun-
tains of the south-western pans of the Western Cape to the Tsitsikamma
Mountains in the east, comprising at least 10 morphologically distinet
forms that are the subject of current research, and probably all represent
valid biological species

Aphanicerca gnua Picker & Stevens 1999

Characteristics of the nymph
Nymphs unknown.

Characteristics of the adult genitalia (Fig. 4.10A & B)

I'he pronounced curvature and length of the dorsal process of tergite 9
distinguish the males of this species. The female may be identified by the
shape of the subgenital plate. The anterior two-thirds of the female sub-
genital plate (sternite 8) is rectangular with slightly swollen posterior
angles; the posterior margin runs transversely from the postenior angle for
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almost a quarter the width of the sternite betore being produced into a sub
tnangular, apically bifid plate that extends bevond the apex of the subanal
plates

Kecords
Only recorded from Kleinboontjies River near Ceres (Witsenberg
Mountains, Western Cape), where it is sympatric with one of the forms ol

I capensis

Aphanicerca lyrata Barnard 1934

e

Characteristics of the nymph (Figs 4.5C & D; Tables 4.1 & 4.2)

[he almost complete lack of larger sctac on the abdominal segments
distinguish this species. However, due to potential confusion with
A bicornis and A. capensis, species identification can only be made with
certamty by examining adult genitalia of final instar nymphs

Characteristics of the adult gemitalia (Figs 4.11C & H)

[he distal third of the robust dorsal process of tergite 9 of the male
curves strongly medually, and the epiproct bears a strong convexity on its
ventral surface. The female subgenital plate is similar to that of A hicornis
i that n both, the proximal part is parallel-sided, and the distal lateral
margins curve in gradually to meet acutely at the level of the apex of the
subanal plates. In A. /yrava, the part proximal to the start of the concavity
18 wider than it s long, or the parts are about equal, while in 4. hicornis,

the proximal section is longer than it is wide

Records
I. lvrara has only been recorded from Jonkershoek and Franschhoek in
the south-western Western Cape

{phanicerca bicornis Bamard 1934

~

Characteristics of the mymph (Figs 4.5A & B; Tables 4.1 & 4.2)

Fhe nymphs have almost no large abdominal setae, and may be con
fused with A. capensis and A. lyrata unless adult genitalia are present
Characteristics of the adidt genitalia (Fig. 4.11B & G)

I'he epiproct has a shight convexity where the denticles are situated
unlike A. bovina where there 15 no bulge and the row of denticles extends
almost the whole length of the lobe. The lobes of the dorsal process of ter-
gite 9 are slender and widely separated distal to the base, becoming almost
parallel or curving slightly medially. The female can be separated from
{ lyrata as outhined above
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Records

A. bicornis has been recorded from a restricted range in the central
south-western parts of the Western Cape, known from the geographical
limits of the Hex River Mountains in the north and the east, Jonkershoek in
the west, and Hermanus in the south

Aphanicerca chanae Picker & Stevens 1999

Characteristics of the nymph (Fig. 4.10E)

This species may be distinguished by the fringe of long setac on the
anterodorsal margin of the pedicel, and the long setae on the lateral aspect
of the frons. There are no stout setae on the tergites or sternites.

Characteristics of the adult genitalia (Figs 4.10C & D)

The lobes of the dorsal process of tergite 9 are gently sigmoid, with a
medial ridge of large denticles originating slightly distal to the second cur-
vature of the lobe. The female subgenital plate is very similar to that of
A lwrata (Fig. 4.11H), but the apex is bifid, while in that of A. hrata. it is
single.

Records
A. chanae is recorded from Heidelberg and Swellendam in the Lange-
berg Mountains of the Western Cape.

Aphanicerca uncinata Barmard 1934

I'his species has only been collected once since Barnard's description in
1934, and no specimens exist in the South African Museum in Cape Town

Characteristics of the nymph
Nymph unknown

Characteristics of the adult genitalia (Figs 4. 11E & 1)

The lobes of the dorsal process of tergite 9 are apically truncate and
recurved medially and dorsally, the dorsal margins are raised and spinulose
before the bend of the lobes, and setulose in the bend (Bamard 1934). The
subgenital plate is elongate and lanceolate, tapering evenly to a subacute or
narrowly rounded apex, which is shortly cleft (Barnard 1934).

Records

A. uncinata has only been recorded from the Hottentots Holland Moun-
tains. In August 2000, specimens of both sexes were collected from Harold
Porter Nature Reserve, Betty's Bay (WC).
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Aphanicerca tereta Barnard 1934

Characteristics of the nymph
Nymph unknown.

Characteristics of the adult genitalia (Fig. 4.11D)

I'he lobes of the dorsal process of tergite 9 are lanceolate with a distal
band of posterioriy-directed spines, and three to four sharp denticles on the
medial distal margin (Bamard 1934). The female is unknown.

Records
{. tereta 1s known only from the Riviersonderend Mountains in the
south-western part of the Western Cape

Remarks

This species has not been rediscovered since Bamard's description in
1934, and no specimens remain in the South African Museum in Cape
Town

Aphanicerca hovina Barnard 1934

Characteristics of the nymph
Nymph unknown.

Characteristics of the adult genitalia (Figs 4.11A & F)

I'he epiproct has no convexity where the denticles are located. The row
of denticles extends for most of the length of the epiproct. In 4 bicornis,
which this species most closely resembles, there is a shight convexity in the
epiproct, to which the denticles are restricted. In 4. hovina the lobes of the
dorsal process of tergite 9 are shightly curved 1o medial, with acute apices,
and with spines and setae on the distal dorsal surface. The female subgeni-
tal plate is short and broad with a slightly convex posterior margin, and is
connected 1o an ovipositor-like structure by a thin, median, dorsally-
directed, sclerotized band.

Records
{ hovina has only been recorded from Jonkershoek and Franschhoek
in the south-westemn part of the Western Cape

Kemarks

['his 1s a rare species that has only been collected three times
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Balinskycercella Stevens & Picker 1995

The three species of this genus were discovered in 1956 by Balinsky
(1956) who placed them in the genus Aphanicercella. They all share fea-
tures that distinguish them from Aphanicercella, their closest relatives.
Only the nvmph of B tugelae is known (Figs 4 4C & D, 4.61 & J), and is
the most hirsute of all the southern African notonemourid nymphs exam-
ined to date. The nymph can be distinguished from another hirsute species,
Aphanicercella cassida (Fig. 4.6G & H), by the thin membranous pleurite,
separating tergite from stemite, from segments one through 7.5, while in
A. cassida, pleurites extend as far caudally as the sixth segment (Table 4.2).
I'he only species of Aphanicercella that is sympatric with Balinskycercella
is A. cassida, and the adult males and females of these two taxa are readily
distinguished (female A. cassida have a trilobate pattern of sclerotisation
on the subgenital plate: Fig. 4.17G).

As the nymph of only one species is known, and because of the likely
similarities expected between the species, positive species identification
can only be done on examination of adult genitalia of the final instar
nymphs. The males can be distinguished by examination of the median
plate of tergite 10, the transverse rods of the paraprocts, and the epiproct.
The adult females of the three species in this genus are very similar, and
identification of final instar female nymphs is unlikely.

The genus has only been recorded from the headwaters in the Mont-
aux-Sources district of the north-castern escarpment of the Lesotho-
Drakensberg Highlands, and Maluti Mountains of western Lesotho.

KEY TO SPECIES OF BALINSKYCERCELLA - ADULT MALES

1. Apical hook of median plate of tergite 10 bifid ........... B fontium (hg R l"()
Apical hook of median plate of tergite 10 smglc NSNS -
2. Transverse rods of paraprocts spamluc aplcall) epiproct has a distinct central
waist, broadening towards apex .. . .. B mgelae (Fig. 4.12A)
- Transverse rods of paraprocts aplcallv narrow and toundcd epiproct has no
distinct waist, being almost parallel-sided . . . B. gudu (Fig. 4.7E)

Balinskycercella tugelae (Balinsky) 1956

Characteristics of the nymph (Figs 44C & D, 461 & J; Tables 4.1 & 4.2)

Most parts of the body are covered in long setac. Male body length is
about 6.5 mm. The dorsal surface of the wingpads bears numerous long
setae. The abdomen bears conspicuous dorsal whorls of long setae (complete
ventrally on segments 8 10); pleurites usually evident on the first eight seg-
ments.
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Characteristics of the adult genitalia (Fig 4. 12A & B)

I'he hook of the median plate of the tenth tergite i1s easily visible ante
rior to the apex of the epiproct. In B. rugelae it is single, and the epiproct
has a central waist-like narrowing. The female lacks a sclerotized plate at
the genital opening, which distinguishes this species from B gudu (Fig. 4.8E)
It may not be possible to separate the females of B. rugelae and B fomtium
(Fig. 4.12D)

Records

Only recorded from the headwaters in the Mont-aux-Sources district of
the north-castern escarpment of the Lesotho-Drakensberg Highlands, and
Maluti Mountains of western Lesotho. It 1s often sympatric with B grdu

Balinskycercella gudu (Balinsky) 1956

Characteristics of the nvmph
Nymph unknown

Characteristics of the adult genitalia (Figs 4.7E, 4.8E)
In B. gudu the hook on the anterior apex of the median plate of tergite
0 1s single, and the epiproct does not have a central waist-like narrowing
Ihe female has a sclerotized plate at the genital opening, which distin
guishes this species from B augelae (Fig. 4.128B) and B. fortium. (Fig. 4.12D)

I‘\'( ( U'./\

Only recorded from the headwaters in the Mont-aux-Sources district of

the north-castern escarpment of the Lesotho-Drakensberg Highlands, and
Maluti Mountains of western Lesotho, where it is often svmpatric with

B tugelae

Balinskycercella fontium (Balinsky) 1956

Characteristics of the nymph
Nymph unknown

Characteristics of the adult gemitalia (Fig. 4.12C & D)

I'his species 1s easily separated from the other two congeners by the bi
fid hook on the median plate of tergite 10. The female lacks the sclerotized
plate at the genital opening seen in B gudu (Fig. 4.8E), and cannot be
separated from B. rugelae at the nvmphal stage
Records

Only recorded from the type locality of the Tugela River, Mont-aux-
Sources in the KwaZulu-Natal Drakensberg
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Aphanicercella 1illvard 1931

here are 11 species in this genus, of which six comprise the Aphanicercella
barnardi species-complex (Stevens & Picker 1999). These are A clavaa,
i. bullata, A. flabellata, A. barnardi, A. securata and A spatulata (Figs 4.13
$.14). The five other species are separable from the A harmardi species-

complex on the appearance of the epiproct (Figs 4.15 4.16). All males of

the A barnardi species-complex have fairly similar epiprocts, but differ
most obviously in the structure of the paraprocts (Fig. 4.13-4.14). Both the
epiprocts and paraprocts are visible in mature nvmphs. Females are not as
readily distinguished from one another, unlike males (Fig. 4.17). The most
diagnostic character is the shape and degree of sclerotization of the subgeni-
tal plate (Fig. 4.17). The only other useful characterist.¢ is the extent and
pattern of sclerotization on the sternites

KEY TO SPECIES OF APHANICERCELLA - ADULT MALES

>

. Epiproct apically incised : R
Epiproct not apically incised oo

2. Medial margins of epiproct incision convex, width of incision equal to length
of lateral margin of epiproct: clasper longer than, or equal in length to, dorso-
medial margin of pleurite i, migra(Fig, 4.16C & D)
Medial margins of epiproct incision concave, width of incision about half or
less than half the length of lateral margin of the epiproct; clasper shorter than
dorsomedial margin of pleurite 3

3. Width of epiproct incision about half the length of lateral margin of epiproct;
antenor margin of epiproct forms a heavily sclerotized broad band. lateral
dorsal plates not fused anteriorhy { guadrcta (Fig. 4.16A & B)
Width of epiproct incision about one-quarter the length of lateral margin of
epiproct, anterior margin of epiproct not heavily sclerotized; lateral dorsal
plates fused anteriorly {. bifwrcata (Fig. 4.15E & F)

4. Epiproct apically truncate with a subapical V-shaped sclerotized transverse
strip: epiproct bears no minute apical ventral projection . NITTP rwrpe
4 scuraia (Fig 4.15C & D)
Epiproct apically acute, rounded, or sub-truncate without a subapical
V-shaped sclerotized transverse strip; epiproct bears minute apical ventral

projection 5
5. Medan arch comprises only one process ......... : 6
Median arch comprises more than one process 8
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Basal supporting process of paraprocts free standing distal to ats base, 15 ¢lon
1

gate, and 1ts apex bulges medially, clasper s ¢

“".»']".‘ irite 10 | vata (Figs 4. 14A & B)

in length 10 the dorsal mar

Basal supporting process of paraprocts firmly adherent to base of primary sup
porting strut of paraproct, short, and apically rounded without bulging: clasper

s half to three-quarters the length of the dorsal margin of pleurite !
Epiproct triangular with rounded apex; apical point of clasper originates

cccentrically, median extension of median dorsal plate of tergite 10 clongate

v and abruptly changes angle and narrows

arch process narrow but stout basa
MO an acuminate extension distally; transverse rod bi-apically rounded, but

nzed strut termunates acutels { buwliata(Figs4.14C & D

Epiproct with lateral margin becoming convex and then concave distally, ter
{

minating acutely; clasper apical point originates centrally. median extension o

median dorsal plate of tergite 10 short; arch process short, thin, and spinous, trans

verse rod bi-apically very broadly rounded | cassida (Figs 4.15A & B)
Basal supporting process of paraprocts presem 9
Basal supporting process of paraprocts absent or vestigial

{. flabellata (Figs 4. 1dE & F)

pporting process of paraprocts very large, fused 10 base of arch prox

Iv: clasper apical point oniginates anteriorly
| barnardi (Figs 4.13C & D)

Basal supporting process of paraprocts small, not fused 1o arch process, and

oS nd free standing dista

not free standing distally; clasper apical point originates centrally 0

Spinous part of arch process caudally directed: transverse rod br-apically
awcute; primary and medial secondary supporting struts of paraprocts joined by

2 transverse sclerotized band . securata(Figs 4. 13E & F)

Spinous part of arch process dorsally directed; transverse rod bi-apically

ed, but internal sclerotized strut terminates acutely; primary and medial
secondary supporting struts of paraprocts joined by an obhigue sclerotized band

f

{ spatwdate (Figs 4 13A & B)
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Aphanicercella clavara Stevens & Picker 1999
P

Characteristics of the mymph (Figs 4.4A & B, 4.6A & B; Tables 4.1 & 4.2)

The nymphs of this species are small; male body length about 4.5 mm;
female body length about 5.0-5.8 mm. The abdomen is brown with a pair of
median long stout setae on the posterior margin of the tergites, frequently
with additional stout setae between them; there is a similar armangement of
paired setae ventrally, but with setae more widely spaced. setae are more
numerous on segments 9 and 10, forming a complete whorl on segment 9;
pleurites are evident on the first six segments.

Characteristics of the adult genitalia (Figs 48D, 4 14A & B, 4.17D)

Epiproct tnangular, with a well-rounded, bead-like, cream-coloured
apex, becoming bilaterally concave towards the apex. The basal supporting
process of the paraprocts has a characteristic medially-expanded apex. The
median arch terminates in an elongate and very slender spinous arch proc-
ess. The female subgenital plate has a diagnostic shape: it is very robust and
intensely sclerotized, having a narrow, incised notch on the posterior mar-
gin, to form a thick, bi-lobate plate.

Records
A. clavata (along with Aphanicercopsis tabularis) is endemic to the Cape
Peninsula (WC)

Aphanicercellia bullata Stevens & Picker 1999

Characteristics of the nymph
Nymph unknown

Characteristics of the adwit genitalia (Figs 4.14C & D, 4.17E)

The epiproct is triangular, with the rounded apex bearing a minute, acute
ventral projection. The basal supporting process of the paraprocts is shon,
rounded terminally, forming part of, and overlying, the thickened base of the
primary supporting strut of the paraprocts. The median arch bears a thick
and apically rounded arch process with a thin, acuminate terminal extension
I'he female does not have any diagnostic characters. The subgenital plate
has a shghtly convex posterior margin, and has almost complete sclerotiza-
tion. Sternites 3 to 6 have an unbroken bar of pigment of veriable size on the
posterior margin. Sternite 9 is pigmented except for a small, median, clear,
rectangular patch on the anterior margin

Records

Aphanicercella bullata has the most castern distribution range within the
A barnardi species-complex. This species is found in the Langeberg, Groot-
swartberg, Outeniqua and Elandsberg ranges of the Western Cape
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Aphanicercella flabellata Stevens & Picker 1999

Characteristics of the nymph
Nvmph unknown,

Characteristics of the adult genitalia (Figs 4. 14E & F, 4.17F)

I'he epiproct is tnangular, bearing a dorsal median ridge distally, termi-
nating in a rounded apex, which bears a minute, acute, ventral projection
The basal supporting process of the paraprocts is absent or vestigial. The
median arch bears an apically-rounded arch process, and a shightly longer
medial spinous process. The female may be mistaken for other species. The
subgenital plate has a concave posterior margin, and is hightly, uniformly
and extensively sclerotized. Sternites 3 1o 6 have an unbroken bar of pig-
ment on the postenor margin. Sternite 8 1s unpigmented, and sternite 9 is
pigmented except for a median unpigmented triangle on the anterior margin

Records

A flabellata has a central south-western distnbution within the Western
Cape, from the southern Witsenberg south of Ceres in the north, to
Jonkershoek in the south and west, with Wolwekloof (east of Wolseley) the
most eastern extent of its known range. This species was recorded once, pos-
sibly erroncously, from Clovelly in the Cape Peninsula (WC), but has not
been found there again

Aphanicercella barnardi (Tillyard) 1931

Characteristics of the nymph
Nyvmph unknown

Characteristics of the adult genitalia (Figs 4.7D,4.13C & D, 4.17B)

['he epiproct is triangular with the rounded apex bearing a minute ventral
projection. The basal supporting process of the paraprocts is broad and long,
but shghtly shorter than the arch process to which it is proximally fused. The
median arch is produced into a spatulate arch process and a short and thin
medial, caudally-directed spimous process. The female subgenital plate is
entire, typically having a transverse posterior margin.  Sclerotization is not
uniform, producing a diagnostic pattern: the lateral margins are dark-brown
with an indented paler transverse band on the distal half. Sternites 3 to 6 and
8 have an unbroken or broken bar of pigment on the posterior margin. Ster-
nite 8 has pigmented lateral margins, Sternite 9 is entirely pigmented except
for a median unpigmented rectangle on the anterior margin
Records

I. barmardi is recorded from the following localities in the Western
Cape: Worcester, the Skurweberge and Pakhuispas in the Cederberg.

:
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Aphanicercella securata Stevens & Picker 1999

Characteristics of the nymph

Nymph unknown.

Characteristics of the adult genitalia (Figs 4.13E & F, 4.17C)

The epiproct is triangular, with the rounded apex bearing a minute ven-
tral projection; the medial strut gradually broadens distally. The basal sup-
porting process of the paraprocts is parallel-sided, apically-rounded, and
about one-third the length of the arch processes. The median arch bears a
large arch process that is rounded and laterally-expanded apically, with a
shorter, thin, medial, caudally-directed spine: the arch process extends
almost as far as the convergence of the primary and medial secondary sup-
porting struts of the paraprocts. The female subgenital plate has a slightly
concave posterior margin; the sclerotization is uniform and extensive,
except for narrow anterior and posterior unpigmented bands. Sternites 3 to
6 have an unbroken bar of pigment on the posterior margins. Stemite 8 is
unpigmented, and sternite 9 completely pigmented.

Records
A. securata has only been found at the farm High Noon near Villiers-
dorp in the Western Cape.

Aphanicercella spatulata Stevens & Picker 1999

Characteristics of the nymph
Nymph unknown.

Characteristics of the adult gemitalia (Figs 4.13A & B, 4.17A)

The epiproct is triangular, with straight or slightly convex lateral mar-
gins, The apex is bluntly rounded or subtruncate, with a minute ventral
acute projection. The basal supporting process of the paraprocts is short
and rounded terminally, forming the thickened base of the primary sup-
porting strut of the paraprocts, The median arch bears a large spatulate
arch process and a small and very thin dorsally-directed spinous process.
I'he subgenital plate of the female has a slightly concave posterior margin,
and the sclerotization is uniform and extensive. Stemites 3 to 5 have an
unbroken bar of pigment on the posterior margins. Sternite 6 has a dome-
shaped pigmented band posteriorly. Stemite 8 is unpigmented, and stemite 9
entirely pigmented except for a median unpigmented rectangle on the
irregular anterior margin.

Records

A. spatulata occurs in a narrow north-south strip including Bain's
Kloof, the Grootdrakenstein Mountains, and the southern Hottentots Hol-
land Mountains (WC).
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Aphanicercella bifurcata Barnard 1934

Characteristics of the nymph (Fig. 4 6E & F, Tables 4.1 & 4.2)

[he nymph has verv few larger setac compared to the other three
known nymphs of the genus. Because the nymphs of only four species are
known, identification should be made on the basis of adult genitalia of the
mature nymph.

Characteristics of the adult genitalia (Figs 4.15SE & F, 4.171)

The epiproct is apically incised, and the anterior margin of the incision
is entirely concave. The length and width of the incision are less than one-
quarter the length of the lateral margin of the epiproct. The basal suppont-
ing processes are apparently absent, although the lateral margin of the
paraproct has a weak basal thickening, probably representing fusion of the
two structures. The median arch bears a slender arch process that is fused
to the medial surface of the paraproct. The female subgenital plate is
entire, with a dome-shaped patch of pigmentation on the posterior margin,
and pigmented lateral margins. Sternites | to 6 and 8 are unpigmented,
and sternite Y entirely pigmented.

annl\

A. bifurcata is common in the Outeniqua, Langeberg and Riviersonder-
end Mountains (WC), with its geographic range extending from the Groot-
winterhoek Mountains (WC) in the north and west to near Riviersonderend
(WC) i the south, and Humansdorp (EC) in the east.

Aphanicercella quadrata Bamard 1934

Characteristics of the nymph
Nymph unknown,

Characteristics of the adult genitalia (Figs 4.16A & B, 4.17))

The apex of the epiproct is heavily incised. Its anterior margin is
entirely concave and heavily sclerotized as a broad band. The length and
width of the incision are about one-third and about half the length of the
lateral margin of the epiproct respectively. The basal supporting process is
absent, although the lateral margin of the paraproct has a heavily scle-
rotized basal thickening, probably representing fusion. The median arch is
produced into a spinous arch process, extending distally as far as the origin
of the medial secondary supporting strut of the paraproct. The female sub-
genital plate is entire, and the sclerotization bell-shaped. Stemites 3 to 5 have
an unbroken bar of pigment on the posterior margins. Sternite 6 is almost
completely pigmented with a dome-shaped pattern. Sternite 8 has pig-
mented lateral margins. Stemnite 9 is entirely pigmented except for a
median unpigmented rectangle on the anterior margin.
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Records
A. quadrata is endemic to the Cederberg (WC).

Aphanicercella nigra Barnard 1934

Characteristics of the nymph
Nymph unknown,

Characteristics of the adult genitalia (Figs 4.16C & D, 4.17K)

The apex of the epiproct is heavily incised. The medial margins of the
two arms are convex. The width of the incision is equal to the length of the
lateral margin of the epiproct. The basal supporting process of the para-
procts is absent, although the lateral margin of the paraproct has a scle-
rotized basal thickening, probably representing fusion. The median arch
bears a slender arch process which is fused to the medial surface of the
paraproct. The female subgenital plate is sclerotized on its margins alone,
with a slightly concave posterior margin. Sternites 3 to 6 have a broken or
unbroken bar of pigment on the posterior margins. Sternite 8 has pig-
mented lateral margins, and sternite 9 is entirely pigmented.

Records

A. nigra has an unusually disjunct distribution, with records from the
Cederberg, Franschhock Pass, Grootwinterhoek Mountains near Uliten-
hage, and Humansdorp.,

Aphanicercella scutata Barnard 1934

Characteristics of the nymph (Figs 4.6C & D; Tables 4.1 &£4.2)

The nymph has a similar setation pattemn to A. clavata, and is more
sctose than A. bifurcata, and less setose than A. cassida. Because the
nymphs of only four species are known, identification to species level
should be made on the basis of adult genitalia of the mature nymph.

Characteristics of the adult genttalia (Figs 4.15C & D, 4.17H)

The epiproct is subtriangular with a truncate, lightly sclerotized apex
The sclerotized lateral margins end subterminally and are connected by a
very thin V-shaped sclerotized strip. The basal supporting process forms a
short lateral thickening of the base of the paraprocts. The median arch is
produced into an apically acute arch process and a shorter, much thinner
medial spine. The female subgenital plate is diagnostic, being very robust
and having a broad and deep concave incision on the posterior margin, The
sclerotization is intense and uniform. Sternites 3 to 6 have a broken or unbro-
ken bar of pigment on the posterior margins. Stemite 8 is unpigmented, and
sternite 9 is entirely pigmented.
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Rﬂ't ords

A. scutara s found from the Gydo Pass (Skurweberge, WC) in the north
and cast to Betty's Bay (WC) in the south and west, occurring commonly
in the Bain's Kloof, Franschhoek, and Stellenbosch areas (WC).

dAphanicercella cassida Barnard 1934

Characteristics of the nymph (Figs 4.6G & H; Tables 4.1 & 4.2)

The nymph is more setose than the other known nymphs of the genus,
and where sympatric with Balinskycercella, nymphs of the two species
may be confused. Because the nymphs of only four species of Aphanicer-
cella are known, identification to species level should be made on the basis
of adult genitalia of the mature nvmph.

Characteristics of the adult genitalia (Figs 4.15A & B, 4.17G)

The lateral margins of the epiproct are straight for two-thirds of their
length, and then curve in medially, becoming convex and then concave
distally, terminating in a small sharp point that bears a minute acute ventral
projection. The lateral margin distal to the medial strut of the epiproct is
obscured in normal dorsal view. The basal supporting process of the para-
procts forms the heavily sclerotized and thickened base of the primary sup-
porting strut of the paraprocts. The arch process is short, thin, pale and
spinous. The female subgenital plate has a deeply concave posterior mar-
gin, with sclerotization forming a trilobate pattern. Sternites 3 1o 6 and 8
are unpigmented. Sternite 9 is completely pigmented.

Records

4. cassida has the widest range of any species within the family. It has
been recorded from Magoebaskloof (Northern Provinee) to Wildemess in
the south of the Western Cape, and from Seweweekspoort north of Rivers-
dale (WC) in the west to Sabie (Mpumalanga Drakensberg) in the cast
Populations occur sporadically whenever suitable habitat exists (mountain
or forest streams),

Aphanicercopsis Barmard 1934

I'here are four species, all described by Barnard (1934). The compound
eyes of the nymphs are relatively small (Fig. 4.2A), and they have a fewer
number of pleurites than the other genera (Table 4.2). In the specimens
examined so far, the nymphal pronotum does not extend beyond the limits
of the prothorax, unlike the condition in the other genera. The nymph of
A hawaguae is still unknown. The nymphs cannot be distinguished from
cach other with certainty, except by examining the adult male genitalia of
mature specimens. The females cannot be identified to species.
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This genus resembles Aphanicercella in the field, and is best distin-
guished from the latter under the stereo microscope. The shape of the male
epiproct (Figs 4.7B, 4.12E-H) and the clongated subgenital plate of the male
distinguish this genus from Aphanicercella. The female subgenital plate is
highly elongated to form an ovipositor-like structure (although the function has
not been demonstrated) (Fig. 4.8B). Aptery has been recorded in A denticulata
from the Palmiet River near Kleinmond (WC) (Bamard 1934), and A. hawaguae
from Franschhoek Pass and Jonkershoek (WC).

KEY TO SPECIES OF APHANICERCOPSIS - ADULT MALES

1. Epiproct with lateral basal expansions (Figs 4. 12E & F)
Epiproct without lateral basal expansions (Figs 4.12G & H).

w e

2 Lateral sclerotized struts of epiproct separated except apically; posterior angle
of median dorsal pl.nlc of tergite 10 wide and rounded

e A l.:!‘ulum(hgs-l 78, 4 I"F)

l.m.ml u.lcmm:d struts ufc.pupmd meet al.m acule ang ¢ just proximal to

the lateral basal expansion; posterior angle of median dorsal plate of tergite 10

acute and NAITOW .......oovvrmmmnssisimsinsmsn: A. OWlEniguae (Fig. 4.12E)

w

Epiproct broad basally and narrowing abruptly distally, narrow subapical dis-
tal third denticulate ...... : vmnnanns A. hawaquae (Fig. 4.12G)
Epiproct linguiform, lateral murgm\ dcmlcul.llc over middle third

A. denticwlata (Fig. 4.12H)

Aphanicercopsis tabularis Barnard 1934

Characteristics of the nymph (Figs 42A & B, 4.50 & P; Tables 4.1 & 4.2)

Individuals in this species are small to medium in size: male body length
about 5.6 mm; female body length about 6.7-6.8 mm. The compound eyes
are black and very small. The median third of the posterior margin of ab-
dominal tergites bears a row of short stout bristles. A small group of bristles
are situated medially on most segments. In most species sternites bear well-
developed setae (especially on segments 8-10), often with conspicuous hair
sockets on sternite 10; pleurites are evident on the first three to four seg-
ments

Characteristics of the adult genitalia (Figs 4 7B, 4 8B, 4.12F)

I'he epiproct has a symmetrical, laterally-expanded, flange-like base, and
an unsclerotized longitudinal central strip. The paraprocts are long with
acute apices.

RO'( U"ll\
I'his species is a Cape Peninsula (WC) endemic, where it is widespread.
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Aphanicercopsis outeniquae Barmard 1934

Characteristics of the nymph (Figs 4.5M & N; Tables 4.1 &£ 4.2)

There are minor differences between the species of Aphanicercopsis. In
comparison with the other three species in this genus, A. oureniguae appears
to be less setose on sternites 4 and 10, and pleurites are only present on
abdominal segments 1-3.

Characteristics of the adult genitalia (Fig. 4.12E)

I'he epiproct has a symmetrical, laterally-expanded, Tange-like base, but
no unsclerotized longitudinal central strip. The paraprocts are short and have
truncated apices.

Records

A. outemiguae is recorded in the Western Cape from the Outeniqua and
I'sitsikamma Mountains in the east, and also from Garcia’s Pass (Riversdale)
and Grootvadersbosch (Langeberg).

Aphanicercopsis hawaguae Bamard 1934

Characteristics of the nymph
Nymph unknown

Characteristics of the adult genitalia (Fig. 4.12G)
I'he epiproct is broad basally, and narrows distally, forming a short, den-
ticulate neck, that leads to a narrow, rounded apex.

Records

A hawaguae occurs from Piketberg (WC) in the north to Swartberg cast
of Caledon (WC) in the south, with the western boundary being Piketberg,
and the castern being the Grootswartberg Mountains (WC). This species is
sympatric with A denticulara in the Swartberg area cast of Caledon, Bain's
Kloof, Franschhoek Pass and the Wellington Mountains (WC).

Aphanicercopsis denticulata Bamard 1934

Characteristics of the nymph (Figs 4. 5K-L; Tables 4.1 & 4.2)

T'his species is very similar to the other species in this genus, but appears
to differ in the number of pleurites, which are present on abdominal seg-
ments -4

Characteristics of the adwlt genitalia (Fig. 4.12H)
The epiproct is narrow and linguiform. There are no lateral basal
expansions, and the paraprocts are long and lanceolate.

|
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Records

The known geographic range of A. demiculata in the Western Cape is
bound by the Grootwinterhoek Mountains (Tulbagh) in the north, the
Palmiet River in the south and west, and Swartberg east of Caledon in the
east.

Desmonemoura Tillyard 193]

The only species to have a common name besides A. capensis, the Com-
mon Cape Stonefly, is Desmonemoura pulcheilum, the Porcupine Stonefly
It owes its name to the strong banding pattern of the wings, a feature of the
genus. This banding pattem is visible in the mature nymphal wingpads (Fig.
4.3A). The other recently-described species, D. brevis (Picker & Stevens
1999), is similar to D. pulchellum in also having a summer emergence pat-
fern.
The adult males (Figs 4.7F, 4.16E) are characterized by paired posterior
processes of the ninth tergite, long, (one-segmented) cerci and an equally
long glabrous clasper of the tenth pleurite. The two species differ in the
degree of elongation of the cerci and pleural claspers, as the name D. brevis
suggests. The tergal processes differ from those of Aphanicerca in being
fMattened and ansing laterally as opposed to the cylindrical processes which
arise in the median plane in Aphanicerca. The adult females (Figs 4.8F,
4.16F) are readily distinguished from the other genera by the deep triangular
incision in the subgenital plate (bilobate), and the transverse median bulge
on the posterior aspect of the seventh stemnite. No brachyptery or aptery has
been recorded.

KEY TO SPECIES OF DESMONEMOURA: ADULT MALES
1. Cerci and claspers of pleurite 10 very long, extending about twice the dis-

tance from their bases to the epiproct ... D pudchellum (Fig. 4.7F)
Cerci and claspers of pleurite 10 extend almost equal to the distance from
their bases 10 the ePIProct ...........coovvvrnrimmcimscsmcsmencne ). Brevis (Fig. 4.16E)

Desmonemoura pulchellum Tillyard 1931

Characteristics of the nymph (Fig. 4 3A & B; Tables 4.1 & 42)

I'he nymphs are medium to large—male about 6.3 mm and female about
5.5 mm long. The compound eyes are large and prominent. The wingpads
are conspicuously banded in cream and dark-brown in older nymphs. The
abdomen appears smooth, but bears a few stout setae on the posterior mar-
gins of scgments, with a few scattered median spines on some segments.
Pleurites are evident on the first five abdominal segments.
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Characteristics of the adult genitalia (Figs 4.7F, 4.8F)

The cerci and claspers of pleurite 10 of the male are very long. extend-
ing about twice the distance from their respective bases to the epiproct
Sternite 7 bears a transverse lobe with swollen lateral extremities.

Records

D. pulchellum s most common in the south-western part of the Western
Cape. but is also known from the Tsitsikamma Mountans at the border of
the Western and Eastern Cape Provinces.

Desmonemoura brevis Picker & Stevens 1999

Characteristics of the nymph
The nymph is similar 10 that of the previous species, but can be sepa-
rated by the adult genitalia in mature nymphs.

Characteristics of the adult genitalia (Fig. 4.16E & F)

In D. brevis males, the cerci and the claspers of the tenth pleurite are
about half the length of those of D pulchellum. In D pulchellum females,
the lobe on stermite 7 is much larger and is more swollen laterally than that
of D. brevis.

Rx'('()ni\
D brevis has only been recorded from the Groot Swartberg and
Outeniqua Mountains of the south-castern part of the Western Cape.

Family Perlidae McLachlan 1870

The family Perlidae falls within the northem-origin suborder Arctoper-
laria (Zwick 1973). A widespread and speciose family, in southem Africa
it consists of just one genus. Hynes, in numerous publications (for exam-
ple, Hynes 1952), synonymized all previously-described species of African
Neoperia 1o one "very vanable' species, Neoperla spio. Subsequently it has
been shown that there are in fact many Neoperia species (Picker 1980).
I'hus the original descriptions (Barmard 1934, Zwick 1973) are valid. Bar-
nard (1934) had redescribed N. transvaalensis (Fig. 4.18C) and described a
new species, N. kunenensis (Fig. 4.18B), from the region, but the group is
in need of revision (Picker 1980). Differences between the nymphs of vari-
ous species have not yet been established. Perlids have a tropical distribu-
tion and are found in the northern parts of the southern African region
extending as far south as KwaZulu-Natal. The nymphs and adults may be
found throughout the year, although they are most common during spring
and summer. A single record near Prince Albert (WC) may represent the
most southerly extension of the family
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Nymphs (Fig. 4.18A)

T'he nymphs range in size from minute first instars to the large final in-
star nymphs of about 15 to 18 mm body length (excluding cerci). They
have three pairs of double-branched tracheal gills positioned laterally be-
tween the prothorax and mesothorax, mesothorax and metathorax, and
metathorax and abdomen. Another three pairs are positioned laterally
on the pro-, meso- and metathorax dorsal to the attachment of the coxae,
and additional pairs occur at the posterior end of the abdomen. The fili-
form antennac are devoid of setae or hairs, except for minute hairs only
visible at high magnification. The posterior end of the abdomen bears a

pair of long filiform, multi-segmented, spinous cerci. The caudal margin of

the femora and tibiae bear a row of long fine setac. The legs bear short
thick spines on the lateral surfaces. Besides clothing hairs on the abdomen,
there are short thick bristles on the caudal margin of the tergites, and on
the lateral parts of the caudal margin of the stemites. The lacinia of the
maxillae is long, robust, and sharp, its function being to assist the mandi-
bles in devouring live prey

Adults (Fig. 4.18B & C)

Adult Neoperla measure about 15 mm in length, (excluding cerci and
wings), and about 20 mm including the cerci, which, unlike the situation in
the notonemourids, are retained as long multi-segmented structures easily
visible with the naked eye. The main copulatory structures in the male are
the copulatory hooks on segment 10, that resemble two side-by-side
clenched fists in a thumbs up position, and the spiny membranous
acdeagus, that is not visible externally
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GLOSSARY OF TERMS

of insects, the third and most posterior tagma or division of
the body (the first being the head and the second the thorax),
with no appendages except sometimes a pair of terminal
cerci (q.v.)

parrowing to a sharp point

in insects, the male intromittent organ

region of Africa south of the Sahara Desert (see Fig. 2.1, p. 17)

in Odonata, the terminal part of the abdomen of nymphal
anisopterans (dragonflies) formed by the pointed paraprocts
(pl. antennace): either of the pair of jointed first appendages
on the head of an insect

the front end

a part at the front in the middle

tip

in insects, any of the paired, articulated structures attached to
cach segment (or somite)

of adult insects, wingless

in Ephemeroptera. gills in which the upper or lower margins
are not equal, or the development of tracheae 1s unequal in the
two halves of the gill

at the base of, or near the point of, attachment
pertaining to, or living on, the bottom

ended in a double poimt

of adult insects, having shorter-than-normal wings

a shield-like cuticular extension covering part of the body

a crest ridge

pertaining to the cauda or the anal end of the insect body
(sing. cercus): a pair of appendages arising from abdominal
segment ||

with a sloping edge

the tough, brownish matenial that forms the major portion of
the exoskeletons of most arthropods

forcep-like structures associated with the male reproductive
parts at the posterior end of the abdomen in some mnsects

a hollow, sharp organ at the end of the insect leg, distal to the
tarsus (q.v.)

splhit

curving inwards

the quality of being concave (q.v.)
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conical shaped like a cone

convergent coming together

coxa the first (proximal) of the articles of an insect leg

cranial referring to the head

crenation fine notches, usually forming a border

dentate finely toothed

denticles small teeth

diapause a period of suspended development or growth, accompanied
by greatly decreased metabolism and usually controlled by
environmental conditions

distal the part of a structure furthest from the midline or from its
point of attachment (cf. praximal)

divergent separate, going in different directions

dorsal referring to the upper surface (the back’) of an organism

dorsoventrally flattened as if from above

flattened

eccentric off-centre

clongate drawn out, lengthened

emarginate notched: as if with a section cut out from the margin

endemic referring to organisms found only in a particular area

edemate without tecth

endophytic within a plam

entire of margins, complete, not notched or shit

epiproct in some insect orders, a dorsal relic of segment 11

Euparal a resin-based substance used for mounting specimens on to
glass slides prior to microscopic examination

excentric not in the centre

exoskeleton (= cuticle, integument): of insects, the external chitinous cov-

ering, often hardened by tanning

falcate sickle shaped, convexly curved

femur (pl. femora): the thigh: usually the stoutest segment of the
insect leg, articulated to the body through trochanter (q.v )
and coxa (q.v.) and bearing the tibia (g.v.) at its distal end

fibril fine, fibrous structure

fibrilliform of the shape of a fibril or fibrils (q.v.)

filamentous thread-like

filiform thread-like, consisting of numerous small segments

filter feeder (= filterer): an animal that feeds by filtering minute particles
out of water

filterer see filter feeder (q.v.)

frons the sclerite forming the forehead region of an insect

fusiform streamlined, tapering at least at one end
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galea
galea-lacinia

gatherer

gill

glossa
gnathobase

Gondwanan

head

hemimetabolous

holometabolous

herbivore
Holarctic
hypognathous
hypopharynx

hyporheos

Imago
in tandem
incised
ncisor
indented
instar
interstitial

labial
labial palp
labwum

|abrum

laCma
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the outer lobe or gnathobase (q.v.) on the maxilla (q.v.) (cf.
Ralea-lacinia)

n insects, the outer (galea) and inner (lacinia) lobes or ‘gnatho-
bases” (q.v.) on the maxilla (q.v.)

an invertebrate that feeds by collecting particulate matter

a special, variously formed, respiratory organ in the aquatic
immature stages of many insects

(pl. = glossac): the paired inner lobe of the labum

a lobe or projecting portion of one of the basal segments of
an appendage, situated near the mouth, used in the process of
feeding; in the insect maxilla there are normally two gnatho-
bases, an inner and an outer

pertaining to the ancient southern continental land mass that
included Antarctica, South America, Africa, India and Aus-
tralasia

the first tagma or division of an insect body (the second is
the thorax and the third the abdomen)

of insects, those with incomplete metamorphosis—that is, dev-
eloping from egg 10 nymph 1o adult without an intervening
pupal stage

of insects, those with complete metamorphosis—that is, dev-
cloping from larva to pupa to adult

an animal that feeds on plant material

of the northern Nearctic and Palearctic regions

having the head vertical and the mouth directed ventrally

N INSECTs, & sensory structure on the upper surface of the labium
(q.v.) that serves as an organ of taste

the area within the stream bed

the adult stage of an insect

one behind the other

cut into

the cutting edge of the mandible (q.v.)

dented

in arthropods, a stage of development between moults
referring to the spaces between sediment particles

belonging, or referring to the labium (g.v.)

sensory appendage of the insect labium (q.v.)

i insects the posteriormost mouthpart, consisting of the
fused second maxillae and lower lip

i insects, the anteriormost mouthpart, the ‘upper lip', which
covers the base of the mandibles (g.v.)

a blade; the inner lobe of the gnathobase (g.v.) of the maxilla
(cf. galea-lacima)
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linguiform
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mandibles

mandibular

mantle cavity
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maxillary
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pertaining to, or living in, lakes or ponds

(pl. lamellae): a thin plate or leaf-like process

leaf-like

sword-shaped

in a life cycle, an immature stage that looks and behaves dif-
ferently from the adult

pertaming to the side or flank of an animal

still: of environments where the water is not flowing

in Ephemeroptera, the outer lobes of hypopharynx, on either
side of the superlingua (q.v.)

tongue-shaped

flowing: of environments where the water is running

(sing. mandible): in insects, the first pair of mouthparts: hard-
ened jaws used for crushing, biting or otherwise breaking
down food

(adj.): pertaining to the mandibles (q.v.)

in molluscs, that part of the skin that covers the organs enclo-
sed within the visceral hump

(pl. maxillag): the second pair of jaws in a mandibulate insect
(ad).): pertaining to the maxillae (g.v.)

the distal sclerite of the insect labium bearing the movadle
parts

at or towards the midline of the body

the second of the three segments that make up the thorax of
an insect

the third of the three segments that make up the thorax of an
insect

minute, hairlike sctac

(*mola): the ridged or roughened grinding surface of the man-
dibles (q.v.)

of North America roughly north of the Tropic of Cancer
an immature insect of any taxon with a hemimetabolous life
cycle

of an angle, wider than 90°

asimple eye: in insects, a single eve, consisting of a single
lens, located between the compound eves and the antennae
referring to the eves

carthworms and their Kin

an animal that feeds on both animal and plant matter

forming a lid: in mayflies, the large flat anteriormost pair of
gills that act as a cover for the more postenor pairs

oval in shape
in insects, laying and placing of eggs
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palette-shaped
Palearctic
palp
pantropical
papilliform
paraglossa

paraproct
parthenogencesis

pectinate

pedicel
peniphyton

plastron
pleurite
posterion
prementum
produced
prognathous
prostheca
prothorax

proximal
psammophilous
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scape
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semivoltine
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like a painter’s palette

of northern Africa and Eurasia outside of the tropics

an articulated branch, usually of a mouthpart

of all major tropical areas of the world

of the shape of a nipple, tubercle or papilla

(pl. = paraglossac): one of the paired lobes on the lateral mar-
gins of the labum

structure modified from segment 11 often used in copulation
asexual reproduction in which an egg develops without being
fertilized

comb-like; applied to structures with even processes like the
teeth of a comb

a stalk

the community of plants, animals and associated detritus
adhening to and forming a surface coating on stones, plants
and other objects under water

see carapace

membranous region between dorsal tergite and ventral stemite
at or towards the tail end of the body

the region of the labium (q.v.) distal to the mentum (q.v.)
extended

having the head horizontal with the jaws directed forward

a mandibular sclerite (q.v.) set with hair

the first of the three segments that make up the thorax of an
insect

towards the point of attachment (cf. distar)

sand-dwelling

sac-like

the first antennal segment

any single hardened or sclerotized plate forming the body
wall of an arthropod

an invertebrate that feeds by scrapang algal and microbial films
off the substratum

in mayflies, refers to gills that partially cover other (more post-
erior) gills

a life cycle that takes longer than one year to complete

a chitinous hair or bristle

covered in fine hairs

an invertebrate that feeds by chewing up dead plant material
s-shaped

shaped like a spatula, short and blum

a tough, pointed seta (q.v.)

a ventral sclerite (q.v.)

the ventral part of a segment
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superlingua
suture

Larsus

tencral

fergie
thorax

ubia
trachca
tracheal gills
tracheated
tracheation
tracheole
triquetal
trochanter
trophic
tubercle
univoltine
ventral
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wingbud
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one of the last pair of sckerites on the ventral side of the insect
abdomen

that stage in ephemerids just after emergence from the pupa
and before the final moult

the inner structure of the hypopharynx (q.v.)

a seam indicating the division between sclerites

(pl. tarsi); the last of the five segments or elements that make
up the leg of an insect; may itself be divided to form up to
five tarsal joints

the condition of the imago shortly after emergence, when it is
not entirely hardened or fully of the mature colour

a dorsal sclerite (q.v.)

the middle of the three tagmata (sections) that make up the
body, the first being the head and the third the abdomen:

in insects, consisting of three segments: the prothorax, the
mesothorax and the metathorax

(p. tibiae): the fourth of the five segments or elements that
make up the leg of an insect

(pl. tracheae): any of the tubes delivering air into the body of
an insect (and extending into the gills of many aguatic forms)
in amisopteran (Odonata) nymphs, lamelliform streutures in
the rectum, supplied with tracheae and tracheoles (q.v.) and
Serving as respiratory organs

supplied with tracheae (g.v.)

the arrangement or system of distribution of tracheae (q.v.)

a very small, slender trachea (q.v.); one of the finer branches
of the tracheae

triangular in cross section, with three flat sides

a sclerite of the insect leg between the coxa and femur (q.v.)
related 1o food and feeding

a small rounded protuberance

of life cycles, those completed within one year

referming to the underside of the body
a small, circular to oblong patch of minute, fine, simple setac
located proximally on the ventral margin of the femora

the exoskeleton covering the developing wings of nymphal
and pupal insects

the wing developing within the wing sheath (q.v.)

in insect nymphs, external buds that will ultimately form the
wings
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NEW PROVINCIAL NAMES IN SOUTH AFRICA TOGETHER WITH

Eastern Cape
(EC)

Free State
(FS)
Gauteng
(GT)

KwaZulu-Natal
(KZN)

Mpumalanga
(MPL)

Northern Cape
(NC)

Limpopo
(LIM)

North West
(NW)

Western Cape
(WC)

ABBREVIATIONS USED IN THE TEX

formerly the castern part of the Cape Province

formerly the Orange Free State

formerly the Pretoria’Witwatersrand Vereeniging complex
part of the Transvaal

formerly Natal, which included Zululand

tormerly the ‘ecastem Transvaal',

formerly the north-western part of the Cape Province

formerly the 'northern Transvaal’ (prior to 1994) and

‘Northern Provinee' (from 1994-2002)

formerly the ‘western Transvaal

formerly the ‘western Cape'.

ABBREVIATIONS OF OTHER COUNTRIES IN SOUTHERN AFRICA

BOTS Botswana
LES Lesotho
MWI Malaw
MOZ Mozambique
NAM Namibia
SWZ7 Swaziland
ZAM Zambia

ZIM Zimbabwe




Bushmanland

Cape

Caprivi
Damaraland
Delgoa Bay
Drakensberg

Mountains
Greater

Namaqualand
Griqualand East
Griqualand West

Highveld
Kalahari

Karoo

Kaokoveld
Kruger National
Park

Makatini
Flats
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REGIONAL NAMES

(= Boesmanland): The north-castern parts of Namibia, the
south-western parts of Botswana and the drier northern arcas
of the Northern Cape.

One of the four former provinces of South Africa now named
as follows: the north-western part is now the Northern Cape:;
the south-western part is now the Western Cape ; the castemn
part, together with the former Ciskei and Transkei (qv), is
now the Eastern Cape.

The north-eastern ‘panhandle’ of Namibia.
The west-central region of Namibia.

(= Baia de Maputo): large bay on cast coast of Mozambique,
site of Maputo Harbour

The mountain range stretching from the northern regions of
the Eastern Cape through the highlands of KwaZulu-Natal.
Lesotho and the castern Free State to Mpumalanga

The south-eastern part of Namibia (also see ‘Namaqualand').

Border region between the Transkei (qv) and KwaZulu-Natal,

Arid region from Bloemfontein (Free State) westwards into
the North West Province.

High-altitude inland plateau characterized by grassland vege-
tation, Predominantly in Gauteng and the Free State.

The desert region of the northemn North West Province, south-
em Botswana and south-castern Namibia.

Arid central region of southern Africa characterized by low
scrub vegetation and very little grass cover: predominantly
in the southern Northern Cape, the western parts of the Last-
emn Cape, the former Transkei (qv) and the northemn border
of the Western Cape.

(“Kaokoland): the arid north-western coastal regions of
Namibia.

Large nature reserve in the north-castern region of Mpumalanga
on the Mozambique border.

Pongola River floodplain, north-east of Jozini, Maputaland (q.v.)




Maputaland

Namaland

Namagualand

Namib Desernt

Natal

Northern Province

Orange Free State

Owamboland

Southern Cape

I'ransked

Iransvaal

Zululand

Freshwater Invertebrate Guade 7: Insecta

Coastal plain in the north castern region of KwaZulu-Natal
and southern Mozambique, bounded by the Lebombo Moun-
tains in the west and the Indian Ocean in the east.

The coastal arcas of the central Namib (qv) in Namibia

And region along the western parts of the Northern Cape and
continuing into Namibia, where it is known as Greater Nama-
qualand (qv)

he coastal desert of south-western Africa, extending roughly
from the Orange River to Benguela in Angola

One of the four former provinces of South Africa, which
previously included the region variously known as Zululand
and KwaZuly, now re-named KwaZulu-Natal

One of the nine provinces of South Africa, now called
‘Limpopo”.

One of the four former provinces of South Africa, now known as
the Free State.

(=Ovamboland): Northemn region of Namibia

I'he southern coastal strip from Cape Agulhas in the west 10
Cape St Francis in the cast

The region colloguially known as the Transkei is now part of
the Eastern Cape Province, stretching from the Kei River to
Port Edward on the KwaZulu-Natal border

One of the four former provinces of South Africa: the north
e part 1s now the Limpopo Province; the castern part is
now Mpumalanga, the southern part is now Gauteng and the
western region is now part of the North West Province.

in KwaZulu-Natal, the eastern coastal belt and adjacent inte-
rior from the Tugela River to the Mozambique border
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INDEX OF SCIENTIFIC AND COMMON NAMES

Acanthiops, 42, 46, 44, 92,93, 144
A. cooperi, 93, 144
A dc.’phmxw 144
{. elgonensis 144
A. erepens, 46,93, 144, 150
{ faro, 144
A griffithsi, 144
A 10, 44, 144,
4 marlieri, 44, 144
4 namorona, 144
Rl n}uﬂihu’. 144
A spinosum, 144
A txusa , 38, 44, 144
A variegatus . 144
1 varius , 144
4 zomba . 144
fcentrella, 144
4. capensis, 148
4. monticola, 148
4 naralensis, 148
{cragrion, 169, 176
1 africanum, 203,
{. congoense, 203,
{. gracile gracile, 203,
A. gracile attenuatum, 203
4. heterosticta heterosticia, 203
{ macrootithenae, 203
4. nodosum, 203,
{. pumheyi, 176, 204
I rarum, 204
{. steeleae, 204
4. zambrense, 2JM
dcisoma, 84
A. panorpoides, 195, 210
A trifidum, 210
Adenophlebia, 33, 86, 87, 127, 157
I auricwiata, 87, 157
beguaerti, 152
burgeoni, 157
collarti, 152
deocra, 158
dislocans, 157
eatomi, 152
inflexa, 152

e LTS

4. infuscara, 157

. peringuevella, 157

4. seydeli, 159

{ sinuwosa, 152

{. sylvatica, 87, 157

{ tortinervis, 152

4 westermanni, 157
“Ju'”-'-f“hl'o'ﬁh:dr", 5.33.88 89,127,157
4 adrieni, 157
4 bicolor, 157
1 nh'{u“dt'. 157
{. deocra, 157
A. decorata, 157
A. demowlim, 158
A. masonelia, 158
A. massirius, 158
A. ornata, 158

A. patriciae, 158
A rubeus, 158

Aeshna, 186,

A ellion, 207,
4. minuscula. 187, 207

A mooris, 207

A rileyi, 207

A. subpupiliata, 207

A wirtet, 207
Acshnidae, 168, 180, 181, 186-187, 207
fethvothemis, 18

A. beguaerti, 209

A diamangae, 209

A discrepans, 209

A solitaria, 209
Acthriamanta, 189

d. rezia 212,
Afrobaetodes, 38, 39,93, 144
4. berneri, 144

4. delicatissimus, 144

4. imtermedius, 145

A lenae, 145

A pugio, 148

4 pusillus, 145
Afrocaenis, 76, 119, 154

A browni, 154

A major, 155
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Nercus I:” li(
forcipatus, 155
wiera, 80, 122, 123, 156

doguaior ialis, 156

comgolana, 156
VY, l{h
gilliesi, 156
natalensis. 156
froudail:, '.‘!.‘
ICmOura
0,233

spinulata, 229, 232

amatolae, 219, 223, 227,230, 223
2, 239

stuckenbergu, 216, 230, 232, 213,

34

oourus. 32 66, 110111, 151
acthereus, 151
harnardi, 66, 15

oflarn, 152

elgonenis, 151

gilliesi, 15
harrisom, 15
matuensis, 66, 151
muehlenbergi, 152

1%
oy S
ek, o4

peringueyi
pulcher, 152
\,u.'f‘ l\:
subflavus, 152

wugandanus, 152

plocia, 82, 83, 124, 125, 126, 157

sampsont, 124, 157

’ "
piondes d

Iphinae, |44
varium, 144
ptifum, 56, 87,9394, 145
biarewatum, 145
bicorne, 145
boetigeri, 145
christinae. 149

wifusume. 148
dicentrum, | 15
Lmorpicum, 146

¢ '.\'v nmenses. | |

2 273 28 276 )%
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{ erepens, 144
{ excisum, 146
{ falcatum, 146
{. flavum, 147
i gilhern, 145
{ griffiths:, 144
{. griseum, 145
{. guineensis, 145
4. indusii, 147
{ lepidum, 145
i mathildae, 145
4 medium, 147

{. notabile, 145

4. mamorong, 144

i parvum, 145

i plumosum, 149

{. sptnosum, |44

{ spimulosum. 148

{. sudafricanum, So, 94, 145

{ sudanernse, 146

4. tarsale, 147

4 tsita, 144

{ variegatum, 144

{. varium, 145
Afroptifum (Afroptilo.des), 144

{ (Afropriloides) bicaudarum, 149

{ ’,"u"‘“l"'

des) varsum, 144

{griocnemis, 179
{ .“N'\"'ll('n\.\ ang '.I; nsis :“4
{ angolensis spatulae, 204
| exilis. 204

| falcifera falcifera,
4 falctfera transvaalica
4 forcipata, 204

{ gratiosa, 204

{ pinheyi. 175,178, 179, 204

{ ruberrima ruberrima, 204

{ ruberrima alhifrons. 204

4 victoria, 204
alderflies, 1. 6 (also see Megaloprera)
Vllocnemis, 178, 176

{ lencosticra, 174, 178, 202
dllorrhizucha, 189

A Kingi, 208

{. prenssi, 208
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Anaciaeschna, 186
4 montivagans, 187
A triangulifera. 207
Anagenesia decaryi, 156
Anax, 186
A bangweuluensis, 207
chloromelas, 207
congoliath, 207
ephippiger, 187,207
imperator, 187, 207
speratus, 207
A. tristis, 207
Anisoptera, 7, 160, 161, 166, 167, 171-
173, 180, 205-212
Anisozygoptera, 160
Apchelocheinidae, 11
Aphanicerca, 214, 223, 216, 225, 226,
228, 230, 234, 235, 236, 259
A bhicornis, 223, 216, 227, 215, 236,
238, 239, 240
A bovina, 216, 236, 238, 240
A. capensis, 216, 220, 223, 216, 225,
227, 229, 231, 235, 237, 238,259
4 chanae, 234, 238, 239
A gnua, 216, 234, 235, 237

S oS A

A securata, 216, 223, 244, 245, 246,
251,287
4 spandata, 244, 245, 246, 251, 257

Aphanicercopsis, 223, 225, 226, 228,

230, 243, 254, 256, 258

A. amarolae, 219, 230

A. denticwlata, 223, 227, 243, 256,
258, 259

A hawaguae, 243, 254, 256, 258

A. outeniguae, 223, 227, 243, 248,
256, 258

A. spinulata, 230

4 stuckenbergi, 223

A tabularis, 219, 223, 227, 229, 231,
243, 248, 256

Apriomx, 84, 8§, 127, 128, 158

A argus, 158
mtermedius, 88, 158
natalica, 158
natalicus, 158
pellucidulus, 158
petersent, 158
rubicundus, 158
tabularis, 158

A tricuspldaius, 85, 158

e te e e A ko

A lyrata, 223, 227, 234, 236, 238, 239 Apterygota, 5

A uncinata, 216, 236, 239

A tereta, 216, 236, 240
Apehelocheindae, 11
Aphanicercella, 223, 225, 226, 228,

230, 241, 244, 245, 247, 249, 254, 255,

256,257

A. barnardi, 222, 225, 229, 244, 245,
246, 248, 250, 287

A. bifurcata, 223, 228, 244,249, 252,
253, 287

A. bullata, 244, 246, 247, 248, 257

A. cassida, 223,216, 228, 230, 241,
246, 249, 253, 254, 287

A. clavara, 221, 223, 216, 228, 23§,
244, 246, 247, 248, 253,257

A flabellata, 244, 246, 247, 250, 257

A quadrata, 244, 252, 253, 258, 257

4 nigra, 216, 223, 244, 253, 255, 2§57

A scutata, 223, 216, 228, 244, 249,
253,254, 2%7

Archodnata, 16
Arctoperlaria, 222
Arthropoda, 5
Aralophlebia demtifera, 158

A. natalica, 158
A. pellucida, 158
A peterseni, 158
A. phococera, 158
A 1abularis, 158

Atalophlebiodes inequalis, 159
Atoconeura, 194

A. biordinata, 198
4. biordinata biordinata, 210

Austrocaenis capensis, 155
Austrocloeon sp. A, 146

A. africanum, 150

A exiguum, 146

A wirgiliae, 147

A paludinasum, 147




Bactidae
9 ),
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I8, 21,28
l'r ;‘I‘I

1y sp., 62, 94, 106
aeneus, 145
hellus, 150
houssontus, 150

3 ’ 14
ipensis, 148

cararactae, 144, 150

' .rv'uL’AJ‘.’
gambia
glaucus
harasab, 149
harrisoon. 94, 148
nrolntus, 150
146
CrIN S
150

inzinga

150

mrencer, 148
145
minutus, 151

145

MmJagag,

MIOPTER AN

parvilus, 14
permultus, 145
sewdogemeliuy
quintus, 150
146
spatwlatus, 145
tripunciatus, 145

vinosus, 151

S@TOPVILINS

nsKycercella

fupcrae,

243

J

Barnumus, 42

120,

» 155§

43, 95

ftus, 185

oectics 1, 0 (2SO see (

Bin

159

Brachycera, 9, 14

-

Y

229,231, 241,

nurdird 78

T
e

1865, 38 63

bugs |

caddistlies

8 wilsomi, 210,

Bradinopyga, 192

gilliesia, 64, 65, 95

o grisea 145
B gwneensis, 145
8 minda, 145

B notabilis, 145
1

8 sudanensis, 146

6 (also see #

Caenidae, 7, 34, 4
156
aenis, 76. 77 1558
C. aethiopica, 155
C. aliciae, 158
C. antefucana, 155
C haswt 55
( nerneri "'\'
hrevipes £5
{ pensis h
C. cibaria, 155
C cincia | 5§
i ‘qil‘u'lfl
{ roetli
C discolor, 153
Cd Miase 155
C. duwodecima, 155
C edwardsi, 155
(
(
(
C. gilltest, 155
C. inflexa. 158
( nrang. | 55
| MLV Lalp FP 155
C. kevuensis, 185
S knowies:. 1S5S
C kungu |55
C libenaunae, 155
<4

{ magmiposd,

C. margherita, 155

C. namorana, 155

MU NS

B lewcostcta, 192, 193, 195

mntera
l'f_ 7)

9

Q2

e

l O (.ll‘vl' se¢ frichoptera)

hE |
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" nervilasa, 155
" noctivaga, 156
" ocenlta, 156
C. pallida, 156
" regia, 153
" rugosa, 156
| rutila, 156
scortd, 156
" sposterdn, 153
- spinosa, 156
C. varicanda, 154
Caenodes cibaria, 155
C. wimeri, 155
C pimyara, 155
C. kungu, 156
Caenoidea, 154-156
Caenomedea brevipes, 155
C. cibarta, 155
C cmncra, 155
C inflexa, 155
C kivuensis, 155
C magnipilosa, 155
Caenospelia, 74, 120, 156
C mayor, 155
C meridies, 156
Caensopsis fugitans, 153

Caloptervgidae, 173, 175, 179, 205

Carapacea, 159

Castanophlebia, 84, 85, 128, 158

C. albicanda, 128, 158
C calida, 128, 158

centipedes . S (also see Myriapoda)
Centropriloides, 52, 83, 92, 95, 146

C. bifasciata, 95, 146
" bifasciatum, 146
bhifasciatus, 146
" collarti, 146

" margmnata, 146
" spinwlosa, 148
C umbratus, 146
Cemtroptilum, 144

- "(LH('IL'. 145.

" badium, 147
hoettgeri, 145

" corbeti, 149
crassi, 148

.

PN NN~

el el ala el a0 .0 T T T

¢
Ceratogomphus, | 84
C picrus, 188, 206
C triceraticus, 206
Ceriagrion, 178
¢
" budentatum 202

el alalealalal -1

(

" dicentrum, 145
" dimorphicum, 146

electropterum, 149

- CXCTm, "‘h
" falcatum, 146
" flavum, 147

" indusii, 147

" loweae, 147

montanum, 145

" marlier:, 144
" medium, 147
" mitidum, 145

notabile, 143
parvum, 145

" pulchrum, 148
" sudafricanum, 145
" sudanense, 146

varium, 144
vitreum, 147

bakeri. 202

glabrum, 178, 179, 202

| karamborae, 202

" kordofanicum. 202

" mowrae, 202
" platystigma, 202

" sakejii, 202

" sanguinostigma, 202

" swave, 202

" whellam, 202
Chalcostephia, 197

C. flavifrons, 193

C 1 flavifrons, 209
Chetrogenesia, 31, 80, 122, 156
C decaryt. 156

C edmunst, |56

C laurencae, 156
Cheleocloeon, 54, 58, 96, 146

carinatum, 146

C dimorphicum, 146
C
C falcatum, 146

excisum, 146
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C madagascariense, 146
C muranae:, 146

C volandae, 146
nelhicerata, >

hironomidae, 4.9, 10,13

lorocnemis marshalli marsha

momana 201
nmigripes. 01
witted 201
hiorocypha, 179, 180
nsuera, 205
roceus croceus, 205

bampioni, 208

trigida, 205
rubriventris, 205
straelem, 180
trrinvaria. | S0
victoriae, 205
willei :“g

17

hlorocyphidac 5. 178, 205

hlorolestes apricans, 201
wispucuus, 174, 201
racomicus, 201
' elegans, 174, 201
fascearws, 174, 177, 201
tessellarus, 201
umbratus, 201
horoterpes, 90, 91, 128, 158
C elegans, 158
rdeDwele ‘..‘\' \\
C migrescens, 128, 158
2 ]

imitigomphus, 182

4

-
fundoensis dundoensis, 20D

codes, 64, 68, 92, 96, 102, 146

hicolorarus, 146

Cilagae, 146
INCInRgae, 46

ortabilis, 146

psendogladius, 14¢
C saxophilus, 146

on, 46, 47,92, 97, 146

~ A e
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(" amamiensis, 145

C arecdarum, 146

C bellum, 146

C. bredoanum, 145

C. cambouer, 146

C carmeum, 147
haplini, 146

crassi, 146

felicatissimum. 144

( Jenlatum, :-z'

discolor, 153

C durani, 146

C. elevatum, 147

C. emmanueli, 147

C. exiguum, 146

C gambiae, 147

C. incertum, |47

C, imsnetum, 148

C. irretitum, 147

C. lacunasum, 147

(' m ,-r\','rl‘.'fq' )

C migroalbum, 145

{ ,"."i.'r\;, 7

L. permirum, 15)

C. purnctatum, 14

(. pusi ‘.J'. 1458
C rhodesiae, 147
C. scituium, 147

C. smaelen, 14
stigmale, 147

C. tanzaniae, 147

C. virgiliae, 147

C. viridellum, 147

C. waterlon, 146
‘hpeocaenis, 78,79, 121, 156
e afrosetosa, 156

C. umgeni, 156

oenagnonidae, 174, 175, 176-
olecoptera, 1. 4.6, 8, 10,11, 12,

ollembola, 5,6, 11,13

ompsonewria, 110,111, 152

f » T i Y
C beguas 52
f 5
C. mjalensis, 152
. sinwosus, 152

15

FOrfinervis,

-




Compsonewriella, 110, 111, 152
C. bequaerti, 67, 152
C. njalensis, 152
C. simuosus, 152
C. tortinervis, 152
Corduliidae, 171, 180, 181, 188-189,
207-208
Corixidae, 11
Corydalidae, 8, 12
crabs, 5 (also see Cruviaceda)
Crambidae, 12
Crassabwa, 62,97, 147
C badia, 147
C flava, 147
C loweae, 147
C vitrea, 147
Crenigomphus, 184
C. cornutus, 206
C. hartmanni, 206
C renei, 185, 206
Crocothemis, 192
C brevistigma, 210
C. envthraea, 193, 195
Crocothemis brevistigma, 210
C. divisa, 210
C erythraea 210
C. sanguinolenta sanguinolenta, 210
C saxicolor, 210
Crustacea, §
Culicidae, 9, 13
Curculionidac, 8, 14

Dabulamanzia, 63, 98, 104, 147
D babaora, 147

D concolorata, 147

D. duci, 147

D ﬁ;'u. IJ’

D. gigantea, 98, 147

D gladius, 147

D heienae, 147

D improvida, 147

D industt, 147

D media, 147

D tarsale, 147
damselflies, 1, 6 (also see Zygoprera
and Odonata)

Index 279

Delonardus, 49, 98, 148

D diabala, 98, 148

D. vetustus, 148

Demorepius, 40, 41, 98, 148

D. capensis, 99, 148

D monticola, 99, 148

D natalensis, 99, 148
Demowlima, 64, 65,99, 148

D assimilis, 148

D crasse, 148

D insularis, 148
Desmonemounra, 223, 225, 226, 227,

228, 230, 259

D. pulchellum, 220, 223, 224, 229, 231,

259, 260

D. brevis, 258, 259, 260
Diastatomma, 182

D ruwenzorica, 208

D. selysi, 205

D. soror, 205

Dicentroptilum, 48, 99, 148

D decipiens, 148

D merina, 148

D. papillosum, 148

D. spinulosum, 148

D. spinulosum, 148
Dicercomyzon, 70, 113, 153

D. costale, 153

D. femorale, 153

D. marginatum, 153

D. sjosterdri, 153

D. verrierae, 153
Dicrephemera, 156

Diplacodes, 192

D. deminuta, 210

D. lefebyrii, 193, 210

D. okavangoensis, 210
Diplura, 5

Diptera, 1,4,6,9, 10,12, 13, 14
dobsonflics 1, 6 (also see Megaloptera)
Dolichopodidac, 17
Dragonflies, 1, 6 (also see Amoptera
and Odonata)

Dytiscidae, 8, 11, 12
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Eatonica, 80, 81, 123, 156
I3 rassi. 156
E. denysa, 156
E. illustris, 156
E. josseltae, 156
E luciennae, 156
E patriciae . 156
E. schowtedem, 123, 156
Ecchlorolestes nylephtha, 201
E peringueyt, 201

Ecdvonurus aethereus S, 1

Ecdvurus peringueyi, 152
Echinopus, S6. 100, 148
E githon, 148
E minurus, 148
Edmulmearus, 50, 100, 148
E grandis, S1, 100, 148
Elassomewria, 69, 112, 152
E candida, 152
E comgolana, 152
E disnevi, 152
E grandis, 152
E insulicola, 152
E kidam, 182
E. trimeniana, 152
Elattoneura fremulata, 174, 1758, 201
E glauca, 201
. tropicalis, 201
Eleuthemis, 189
E buettixoferi, 209
k. gquadrigutra, 209
Elmidae, 8, 11
Empididac, 9
Enallagma, 179
E angolicum, 204

| ' b
E cunestigma, 204

L. elongatum, 2048
¢ wcum, 178,179, 204
E migridorsum, 204

-
£ polvchromaticum, 204
E rotundipenne, 204
E. sapphirinum, 204

£ sinuatum, 204

-
Lo Su roarum o4
[ ’ *

E subvile, 204

E vaginale vaginale, 204

Endopterygota, 6
Ephemera, 31, 80, 123, 156
E aequatonialis, 156
E congolana, 156
E dislocans, |87
E mooiana, 123, 124,156
E natalensis, 156
E nimia, 156
E schoutedeni, | 56
Ephemereliina, 73, 117, 154
E barnards, 117, 154
E brincki, 154
E crass, 154
E harrisom, 154
Ephemerclloidea, 1534154
Ephemendae, 30, 31, S0-81, 122-124
156-157
Ephemeroidea, 156-157
EPHEMEROPTERA,2,4,.6,7, 10
159
Ephemerythidae, 37, 71, 115-116, 15
Ephemerythus, 37, 71, 115, 116, 154
E dissimillimus, 154
E. kiboensis, 154
E. niger, 154
E picius, 154
E. straelem, 154
Ephoron, 30, 82, 83, 125, 157

E savigmyi, 125 15
F.xhe '.'w,"".‘l.‘}‘ul westiermann 157
Euphlebia bicolor, 15
Ewthraulus, 90, 128, 120, 158

E arabica, 158
£ bugandensis, 158
O Curtiy, ]\'.\'

f elegans, 129 158

E. magnacwleata, 158

E. starmuehineri, 158
E fropic alts, 158

E wsambarae, 158

Ewthvplocia sikorta, 157

16~

]

Exewthyplocia sampsom, 82, 125, 126

157
E minima, 125§

Exopteryvgola, 6




flies, 1, 6 (also see Diprera)
Fomtanica josentae, 156
Fulleta, 127, 158
F. demtara, 158
Fulletomimus, 90,91, 129, 158
F marlieri, 158
Furcatergalia , 153-159

Glossidion, 58, 59, 100, 148
G demonding, 101, 148

G mysticum, 101, 148
Gomphidae, 168, 180, 181, 182-185,
205-206
(iumphtdid. 182, 183

G bredo, 208,

G guarrei quarret, 205

G. quarrel confinii, 205
Guloptiloides, 82, 92, 101, 148
. gargantua, 148
Gynacantha, 186

G. bullata, 207

G. manderica, 207

G. ochraceipes, 207

G. sevastopulon, 207

G sextans, 207

G vesicwlata, 207

G villosa, 207

G. zuluensis, 207
Gyrinidac, 8

Habrophlebia delamarei, 157
Hadrothemis, 189

i camarensis, 208,

H. defecta defecta, 208

H. scabrifrons, 208

H. versuia, 208
Hagemulodes, 84, 129, 158

H. braweri, 129, 158
Hagenulus fasciata, 159

H. scomi, 159

H. turbinatus, 159
Haplobaetis umbratus, 146
Heliaeschna, 186

H. cyntheae, 207

H. libyana, 207

Index 81

H. trinervulata, 207
H. ugandica, 207
Helodidae, 8
Hemicordulia, 188
H. aviatica, 208
H olympica, 188
Hemipannota, 59
Hemiptera, 1,6, 11, 12
Hemustigma, 191, 194
H. albipuncia, 209,
Heptageniidae, 25, 32, 66-67, 110112,
151-152
Heptagenoidea, 151-152
Herbrossus, 52,53, 101, 148
H christinae, 148
H edmundsorum, 148
H. cloward:, 148
Hexagenia ilustris, 156
H. fulva, 156
H. reticulata, 156
Hexapoda, S, 6
Hemiptera, 1, 6, 10, 11, 12
horseshoe crabs, 5 (also see Cheficer ara)
Hyalophlebia, 89,90, 129, 158
H demoulim, 158
H dentifera, 158
H. patriciae, 129, 130, 158
H. seydeli, 159
Hydrophilidae, 4, 8, 14
Hydropsychidae, 12

Ietinogomphus, 182, 183
I dundoensis, 205
[ ferox, 188, 205
I regisalberti, 205
Insecta, 6
insects, 1, 5 (also see Insecra and
Uniramia)
Ischnura, 179
I senegalensis, 179, 204
Isolepis, 117

Kivua, 102, 148
K elouardi, 148
K inswetum, 148
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[ abiobaetis, 60, 92, 102, 106, 148 lobsters, S (also see Crustacea)
L aquacidus, 150, 15| Lokia, 189
L boussoulius, 150 L. ellioti, 209
[ dambrensis, 148
L eloward:, 150 Machadorythidae, 26, 71, 116, 154 .
L. fabulosus, 149 Vachadorythus, 26,27, 71, 116, 154
L gambiae, 149 M palaguim, 154
L egillies:, 149 M macwlates, 116, 154 .
L insolitum, 150 Macrodiplax, 197
L kalengoensis, 150, 151 M cora, 196, 212,
L. longicercus, 149 Madecassorythus, 70, 71, 114, 115, 153 u
{. masa:, 150 \f hertue, 153
L. mronis, 150, 151 M linge, 153
L. nadineae, 150 M ramanankasinge, 153 .
L. migrocercus, 149 M raphaelt, 153
L. mscis, 150, 15 VMadecocerus, 74, 78, 121, 156
L. plumbago, 149 \ tawroides. 156 .
L punctatus, 149 Vadeconeuria, 112
L. vinosus, 151 Waheathraulus, 88, 120, 159
L. vulgaris, 149 M sconi, 130, 159 -
lacewings, 1., 6 (also sce \4'ufu,"h‘r..'l Malgas !(l"'"?!(',‘l;a" 89
Lepadoptera, 1,6, 8, 10,12, 14 M buspinag, 208
Leptophlebia auriculata, 157 Maligua, 64, 65,92, 96, 102, 149
L dislocans, 157 M\ abdallahi, 149 .
Leptophlebiidae, 7, 18, 25, 32, 33, 84- M plumasa, 149
90, 126-131, 157-159 M plumose, 149
Leptophlebioidea , 157-159 Manoiyphella, 114, 117, 154 '
Lestagelia, 73, 118, 154 M kewsers, 154
L penicillata, 38, 118, 154 Marsharikella, 159
Lestes amicus, 201 M torrentis, 159 .
I dissimulans, 201 mayflies (also see Ephemeroptera), |, 6
L ictericus, 174, 201 Megaloptera, 1,6, 8,12 14
L ochracens, 201 Meganisoptera, 16 .
pallidus, 174, 201 Mesoonemis. 176
L. pinheyi, 201 M singularis. 174, 176, 202
L piagiatus, 174, 177, 201 Metacnemis, 176 .
L. tridens, 201 M angusta, 176, 202
L uncifer, 201 M valida 174, 176, 202
L virgatus, 201 Micksiops, 40, 41, 103, 149 .
Lestidae, 173, 174,175, 177, 201 M bicaudatum, 103, 149
Lestinogomphus, 183, 184 Microgomphus, 182
L. angustus, 188, 205 M. bivittatus, 205 .
Libellulidae, 180, 181, 185.197. 208-212 M mozambicensis, 208
Lithogloea, 73, 118, 154 M. nyassicus, 208
L. harrisoni, 118, 154 midges, 6 (also see Diprera) .
L. penicillata, 154




millipedes 5 (also see Myriapoda)
mites, S (also see Chelicerata)
Monardithemis, 189

M flava, 208,
mosquitoes, 1, 6 (also see Dyprera)
moths, 1, 6 (also see Leprdopeera)
Muscidae, 9
Mutelocloeon, 64, 92, 103, 149

M. bihoumi, 149

M. corbeti, 149

M. thomasorum, 149
Myriapoda, 5

Newrocaenis abyssinica , 153

N. discolor , 153

N fuscata , 153

N poincinsi | 153

N. reticulata , 153
Nadinella, 154

N crasse, 154

Nadinetella, 72, 118, 154

N. brinck, 118, 154

N. crasss, 118, 154
Needhamocaenis figitans, 153
Nematocera, 9, 10, 12, 14
Neodythemis, 189

N. fitzgeraldi, 208
Neoperla, 214, 260, 261, 262

N kunenensis, 260, 261

N spio, 260

N transvaalensis, 260, 261
Neoptera, 213
Nepidae, 11
Nepogomphoides, 184

N stuhimanns, 206,
Nesciothemis, 189

N farinosa, 209,

N. fitzgeraldi, 209,
\'t'.)(l{"'lfs'n“ld. 86. 8.'. ISO. 159

N. adusta, 130, 159
Nesopriloides, 30, 51, 103, 104, 149

N. electroptera, 103, 149

N. intermedia, 149
Nesydemius, 63, 98, 104, 149

N. polhentusorum, 149

Index 283

Newrogomphus, 182, 188

N. chapini, 206,

N welensis, 206,

N, viginis, 206,
Neuroptera, 1,6, 8,12, 13
Nigrobaetis, 60, 61, 104, 149

N. bethunae, 104, 149

N harasab, 149
Notiothemis jonesi, 193

N. jonesi jonesi, 208

N roberrsy, 208
Notogomphus, 183, 184

N dendromyrax, 205

N. praetovius, 185, 205

N. zernyi, 206
Notonemouridae, 7, 214, 215,217, 218,

222- 260
Notonwrus cooperi, 152

N. bequaern, 152

N njalensis, 152

N, sinwosus, 152

N. tortinervis, 152

Ochtheridae, 11
Odognatha, 160
ODONATA, 1,2,6,7. 10, 16, 22, 160-

212
Oligoneuria trimentana, 152

0. dohbsi, 153

0. grandevea, 153
Oligoneuriidae, 29, 68-69, 112-113, 152
Oligoneuriopsis, 68,69, 112, 152

0. dobbsi, 152

0. elizabethae, 68, 152

0. grandevea, 152

() jessicae, 152

Q. lawrencei, 68, 152
Olpogastra, 194

O fucllebormi. 211

O lugubris, 211
Onychogomphus, | 84

O kitchingmani, 206

O guirku, 206

O supinus supinus, 206

-t
N
i
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omphus, 184

Ony ;!Il';"nlr.:

Ophelmatostoma. §7, 92, 108, 149 P acuminarus, 206
O camerunense, 149 P fritillarius, 206
() kimminst, 149 P. alluaudi. 206
Oreocnemis phoentx, 202 P cataractae, 206
(rtherram. 190 191 P cognatus, 206
() abborti abborti, 208 P dicksoni, 206
(). angustiventre JO08 P elpedius, 206
(). austeni. 208 P genei 185, 206
() caffarum, 193 P longventris, 206
Crthetrum abbotti abboin, 208 P. machadoi, 206 '.
(). angustiventre, 208 P magnus, 206
() austemi, 208 P nvassicus, 206
() brachiale, 208 P sabicus, 206 '.
) caffrum caffrum, 208 P zambeztensts, 206
). chrysostigma chrysostigma, 208 Parazyxomma, 192
(). guineense, 208 P flavicans 196, 212
I T M :'l“ J';"i““,‘( M SCNOuie u’( " 56
) jeromelas. 209 "l"lll’.!'\’. .. 214,215,218, 260 26
O julta julia, 209 Petersophlebia, 86, 87, 130, 159
i/ .J,"..H.’..’, 31") :" INCGidiily, l I“'
() falsum, 209 P insularis, 130, 159
0. machadoi, 209 Peunlella, 80, 105, 149 ‘
). macr 209 P. christinage, 105, 149
). microstigma, 209 Phaon iridipennis, 178, 179, 208
) monard: 209 Philonomon, 192
) robustum, 209 P lumunans 198, 210 '
(). saegeri, 209 Phvliogomphus, 183, 184
O. stemmale stemmale, 209 P. brunneus, 188, 206
209 P. dundomajoricus, 206 .
( 10 P. dundomimusculus. 206
[ Wor, 153 P lanfasciae, 206
P oriemalis, 206 -
Palaecod \!:-\“‘ICKJ. 16 P \\‘v"- LY 3 4
Palacoptera, 16 Phyllomacromia, 171, 1588
Palingenia 80 22 :-‘ Ii- .“ doeguatoriaies .‘“- .
P apatris, 124, 157 P. aureozona 207
Palingenia savignyi, 157 P bicornis, 207
Paipoplewra, 199 P bifasciata, 188, 189, 207 .
P deceptor : < P oisping :“-
P rucunda pucunda, 209 P. congolica, 207
P lucia, 209 P. dundominusculus, 207 .
Pamiala, 188,191, 196 P. funmicwlaria, 208
P fHavescens, 212 P kimminst Kimmunsi, 208
P melama. 188, 208 -




P. monoceros, 208
P overlaeti. 208
P. paludosa, 208
P picta, 188, 189, 208
P subtropicalis, 208
P unifasciata, 208
Pisciforma, 144-151
Plarvcloeon cooperi, 144
P erepens, 144
Platycnemididae, 174, 17§, 177, 202
Platycypha, 180
P. caligata, 179, 180
* caligata caligata, 205
P fizsimonsi firzsimonsi, 205
P fiezsimonsi inyangae, 208
P lacustris chingolae, 205
* rufitibia, 205
PLECOPTERA, 1,6, 7,10, 22, 213-
265

=

-

Polymitarcyidac, 30, 82-83, 124-126,

157
Polymitarcys savignyii, |57
P. capensis, 157

P. temerata, 157
Polythelias, 86, 131, 159

P. digitata, 131, 159
Porpacithemis, 189

P. dubua, 209,
Porpax, 189

P asperipes, 209

P risi, 209
Potamocloeon, 46, 47, 105, 149
P. demtatum, 149

P. macafertiorum, 149
,'UWHG. 30, 83, 125, 157

P u.luua,lZS. |Zb. 157
Proboscidoplocia, 82, 126, 157
P. auberti, 157

P. billi, 157

P leplattermerae, 157

P mu;:Jc'n'cma:'. 157

P mccafferty, 157

P ruffienxae, 157

P sikorat, 126, 157

P. vayssierei, 157

Index

Prm. loeon JMU:‘[:‘IH. |47

P fraudulentum, 147
Procloeon, 46, 92, 97, 150
P africanum, 150

P cylindrocwulum, 150

P syvivicola, 150
Prodasinewra flavifacies, 201
Prasopuistoma, 26, 131, 159
P africanum, 159

P crassi, 159

P. deguernei, 159

P guernei, 159

P variegatum, 159

Prosopistomatidae, 26, 91, 131-132,

Protoneuridae, 174, 175, 201
Protura, §
Provonshaka thomasorum, 156
Psephenidae, 8
Pseudagrion, 178

P. acaciae, 202

P angolense. 202

P. assegan, 202

P. basicornu, 202

P. bicoerulans, 202

P. caffrum, 202

P. coeleste, 202

P. coeruleipunctum, 202
P. commoniae, 202

P demngt, 202

P. draconis, 202

P. dundoense, 202

P. fisheri. 202

P furcigerum, 202

P. gambiesi, 202

P. glaucescens, 202

P greemi, 202

P. hageni, 179

P. hageni hageni, 202
P. hageni tropicanum, 203
P hamom 203

P. helenae, 203
P._inconspicuum, 203

P. inopinatum, 203

P. kersteni, 203

P kibalense, 203

159
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P lindicum, 203 o Jurium, 150

P makabusiense, 203 P temuicrinitum, 150

P massaicum, 203 P vinosum, 151

P melanicterum, 203 Psendopannota (Psexdopannota), 108

P newtom, 203 Pseudopannota (Hemipannota), 107

P nubicum, 203 Pses annota, 89, 107, 151

P rufostigma 203 P bergerardi, 151

P salisburyvense, 203 P bertrandi, 151

P sjoestedn, 203 P. maculosa, 151

P 8104 \'.'..'H""ulhnrv'\r westedes, 203 P modesta, 15)

P spernmatum natalense 203 P mugamnani, 151 .'
P. sublacteum, 178, 179 F sartorn, 15

P sublacteum sublacteum, 203 P vincker, 151

P sudanicum, 203 Plerygota, S, 6 .'
P symoensii, 203 Pyraldae, 12

P umsingaziense, 203

P. vaglense, 203 rorythus, 114, 153

P vumbaense, 203 R violettae, 153

langrani, 153

oprilum, 42, 45, 108, 151

P williamsi, 203
Pseudoclocon, 60, 92, 94, 102, 106, 149

P aquacidum, 150 R arm, 151

P bellum, 150 R lokohensis. 15)

P bertrand:, 151 Rhithwrocloeon, 60, 61, 107, 15

P. boussoulium, | 50 R elouards, 148

P camillae, 15 R. indicator, 15)

P camerunense, 149 R permirum, 151 X
P cataractae, 150 Rinvothemis, 191, 192 .
P elowardi, 150 .

P fastigatum, |50

P elawcum, 38, 150 195, 19%

P grandicu 150 R semilwaling semilvaling 212

P magae, 145

P plumbago, 149 Sciomyzidae, 13 .
P tabwiosum, 149 scorpions, S (also see Chelicerala

P zingae, 146 Scwtopeilum, 42,43, 108, 18]

P msolitum, 150 S, verrucosum, 15] -
P kalengoense, 150 Setisura, 151152

r o, 102 Sialdidae, 8, 11

P latum, 150 Simuliidae, 9, 10, 13 .
P saxophilus, 146 Siphlonurosdea, 144-151

P macwlosum, 15] Sisyridac, 8, 12, 13

P masai, | 5¢ spiders, S (also see Chelicerata) .
P minurum, 151 Sparsirythus, 114, 153

. mtone, 150 S. colasi, 153

P nadineae, 150 S marting, 153 -
P piscis. 150 S rosae, 153
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springtails, 5 (also see Collembola)
stoneflies (also see Plecoprera), 1,6
Suwsna, 84, 109, 151

S niandanensis, 109, 151
Sympterum, 192

S fonscolombii, 192, 193, 195, 197

210

S nmavasi, 210
Syncordulia, 188

S. gracilis, 208

S venator, 208
Synlestidae, 173, 174, 175, 177, 201
Syrphidae, 9

Tabanidae, 9

Tanzamella, 40, 109, 151

T. spinasa, 109, 151
Teinobasis, 176 178

T. ariel, 176

T malawiensis, 202
Telagonelia, 36, 71

I umbrara, 116
Teloganellidae, 36, 71, 116, 154
Teloganodidae, 18, 34, 35, 72.-73, 117-

118, 154

Thalerosphyrus, 66, 110, 111, 112, 152

I ethiopicus, 152

T josettae, 67, 152

T njalensis, 152

T tortinervis, 152
Tetrathemis, 190

" polleni, 208,
Thermochoria, 189

I equivacata, 209,
Tholymus, 190, 191

T ullarga, 196, 212
Thraulobaetodes, 39, 110, 151
I cumminsorum, 110, 151
Thraulus, 88, 131, 159

T. fasciata, 159

T torrentis, 159

T turbinatus, 159
Tramea, 190

I transmarina, 196
Trapezostigma, 212

Trichoptera, |, 6,8, 10, 12, 14
Tricorythafer, 153

I fugitans, 153
Tricorythidae , 37, 70-71, 113-115, 153-

154

Tricorvthus, 37,70, 71,114, 115, 153

T abyssimica, 153

T abyssinica, 153

T ambinintsoae, 153

T JLVCH[U’. 7'. l“

T. fvae, 153

T fuscata, 153

I goodmam, 153

T jeanne, 153

T. lanceolatus, 153

T. latus, 153

T longus, 153

T. maculatus, 154

T. pierrei, 153

T poincinsi, 153

T reticulata, 153

T reticulata, 153

T rolandi, 154

T. syivestris, 154

T sposterdti, 153

T uncrus, 154

T. variabilis, 154

I varicanda, 154

T vulgaris, 154
Trilobita, §
Trithemus, 191, 196, 197

T. aequalis aequalis, 210
T. aequalts falconis, 210
T anmulara annulara. 210
I anomala 210

I arteriosa arteriosa, 211
T bifida, 211

" "r\ Jn'l". :] |

T dichroa 211

T. donaldsoni donaidsoni, 211
T. dorsalis, 196, 211

T furva 211

T grow, 211

T hecate, 211

T kirbyi, 211
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I monardi monardi, 211
I monardi insuffusa. 211

I nuprialis, 211
[ pluvialis, 211

mruinata, 211

I stictica, 211

I” werneri, 196, 211

- e me
merophiebia, 127, 159
U. succinea, 159

[ variegara, 159

mma declovium, 208
» 2 J |

L. distincta 208

{ ’\"ll'»‘nl .‘ \.

Uniramia, §
rothemis, 197
. assignara. 212

edwardsii edwardsii, 212

[ 1"

INCIANG, C 1o

Velndae, 11

velvel worms, S (also see Omyvcophora)

Vywrodromens, 88, 110, 151

\ africanus, 15

\ modesrus, 151

\. namarona, 151

\ o 141
y 0
yromyx, 194
' aritthae, 21 )
y usetvia, 211

Z favicosta, 211

Z natalensis. 198, 211

regisalibern 211

s .\.-'i..'.ll

Z torridus, 211

Zygoptera, 7, 22, 160, 161, 162, 166,
167, 168, 171, 172, 173-180, 201-205

Insecta |




}

L

1770050173




