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TRANS A GTIONS

OP

THE LINNEAN SOCIETY.

I . A Revisional Monograph of Recent Ephemeridce or Mayflies. JBy the Rev.  A . E.
Eaton , M .A . ( Communicated by Sir John Lubbock , Bart ., F .R .S ., Pres . Linn . Soc .)

(Plates I .- LXY .)

Part I . Read April 19th, 1883.

Introductory Remarks.

The  present monograph is designed to facilitate the study of the Ephemeridse. On
many accounts these insects are very eligible subjects for scientific research ; but so long
as they are ill known , and their exact identification a matter difficult of accomplish¬
ment , their employment in any branch of zoological learning is surrounded with dis¬
advantages too patent to need indication.

Many points in the classification of the Ephemeridse formerly doubtful receive
elucidation in this work through the kind co-operation of entomologists of various
nationality . An unprecedented wealth of material , through their means , has been
available for examination , every thing at their disposal likely to be in any way of
service to me having been most courteously given or lent by them . The chief con¬
tributors of specimens have been Mr . R . M°Lachlan , E.R .S., and Hr . H . A . Hagen , of
Cambridge , Mass. I am also under great obligations to Mr . H . Albarda of Leeuwarden,
Mr . C. Ritsema of Leyden , the Baron E . de Selys-Longchamps , M. Albert Muller of
Berne , M. A. E . Vayssiere of Marseilles , and Dr . E . Joly of Toulouse . My thanks are
also due respectively to the chief Entomologists or Directors of the British , Oxford,
Brussels , Paris (Jardin des Plantes ), and other museums , for permitting valuable
specimens to be thoroughly examined by me. Many very choice Ephemeridse in the
Museum of Comparative Zoology, Cambridge , Mass., forwarded by Dr . Hagen , and some
remarkable species contributed by Mr . 0 . Salvin, demand particular acknowledgment.

At an initial stage in the preparation of the letterpress , having decided to write in
English , the question arose whether or not descriptions of the species should be given, or
should the text treat of genera only . The various tints of yellow, brown, grey, and , in a
lesser degree, of black , largely prevalent in the coloration of Ephemeridse , cannot be
precisely defined in common English entomological terms so well as in Latin ; and
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2 REV . A . E. EATON ON RECENT EPHEMERIDAL OR MAYFLIES.

kindred species are often so nearly alike in colour that terras of precision are indis¬
pensable in describing the differences between them . When it was settled that the
work should be written in its present form, the exigencies of the case were met
by haying recourse to a trade -colour pattern -book, as a standard of reference, sold by
one of the principal artists ’ colour merchants in London . The samples display three or
four gradations of each colour,—intense , medium , light , and sometimes very light . In
my descriptions , colours of medium gradation are usually quoted without any qualifying
adjective ; but in blacks , only the intense gradation is termed black , the medium being
designated greyish black , or blackish . The light gradation in blacks and browns , or
sometimes the lighter and lightest in a quadruple series of the latter , are referred to as
greys of such and such a tint . Very light gradations of red, orange , yellow, green , blue,
&c. are denoted as “ extremely light, ” “ the lightest possible tint, ” or “ whitish,”
according to circumstances.

During the interval which will elapse between the issue of the successive parts of this
monograph , opportunities will doubtless occur of supplementing the illustrations of
species. A list of all additional figures not cited in the text relating to the species
represented by them will therefore be given in the final part ; and references to them
can be made addenda.

Structure of the Ephemerida : in General .—Adult.

The Ephemeridae are insects with a long, soft, ten-jointed , sessile abdomen , furnished at
its hinder extremity with either two or three many-jointed setaceous or filiform tails
(caudal setse), and whose body is smooth and glabrous.

Head free, with atrophied mouth -organs, carinated epistomR, short subulate antennae,
composed of two short stout joints succeeded by a slender many -jointed setaceous awn,
three ocelli, and large oculi (compound eyes).

Thorax robust ; mesothorax predominant ; sternum well developed ; fore wings
ample , erect or spreading in repose, plaited lengthwise but not folded up (excepting
when a female happens to be ovipositing under water , and then they are reclinate and
compactly plicate like a closed fan) ; legs slender, femora strong , the fore coxae some¬
what distant from the others.

Abdomen armed wdth a pair of claspers (forceps), in the male placed ventrally at the
extremity of the penultimate segment ; the vasa deferentia have each of them a separate
intromittent organ situated at the ventral joining of the ninth and tenth segments . In
the female the oviducts terminate separately in the joining of the seventh and eighth
segments ; there is no real ovipositor, but in some genera (e. g. Heptagenia)  the apex of
the seventh segment is produced beneath into a short rounded flap, and in one
(Hagenulm)  this projection takes the form of a spout . In many genera there is a similar
extension of the ninth segment in one or in both of the sexes. Alimentary canal capa¬
cious, straight , filled with gas, and apparently destitute of salivary glands ; malpighian
tubules in most instances indefinitely numerous , capillary , very long and entangled ; but
in Prosopistoma  shorter , stouter in proportion , fewer in number , and combined into one
common duct on each side. Tracheae filamentose or capillary , not sacculated , furnished
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with ten pairs of stigmata , two thoracic and eight abdominal . Ventral nervous tract
slightly abbreviated , and posteriorly somewhat concentrated , in Prosopistoma  ex¬
tremely so.

Peculiarities in structural detail  are often noticeable in both or one of the sexes, and
are chiefly presented by the ocelli, wings, legs, and caudal setae, and in the male by the
oculi and forceps.

The foremost ocellus  is sometimes as large as the others , sometimes much smaller.
The oculi, always much larger in the male than in the other sex, are in him , in some

genera , divided each into two parts transversely ; the upper portion has larger facets
than the lower, and is sometimes coloured differently from it . The division between
these segments of the oculus may amount to nothing more than a mere superficial
furrow or impressed line traversing the faceted surface horizontally ; but when it is
deeper, the upper part of the oculus (always much the larger of the two) assumes a short,
subcylindrical or turbinate form, faceted only on its summit , and supports on its outer
base the smaller division, which is oval, and is faceted all over.

The fore wings,  seldom ovate or oblong, are usually trilateral , ample , and rounded off
at the extremities . Their margins are unequal in extent , the costal or anterior margin
being slightly (sometimes not much ) longer than the terminal or outer margin (measured
along the curve ), and seldom less than double the length of the inner margin . The
costal margin is somewhat sinuous as a rule ; nearly straight at the base of the wing , it
generally presents a shallow sinus midway towards the apex, and then proceeds in a
gradual salient curve to its extremity . The terminal margin is arched ; its curvature is
sometimes stronger towards its extremities than in its midst , where it is occasionally
almost straight . In the greater part of its course the inner margin is usually straight or
incurved ; but there are cases in which it describes a salient curve continuous with that
of the terminal margin . The wings are relatively longer in the female than in the male.

The hind wings  in some of the genera are not developed ; in others they are very
minute ; at the most they are not particularly large . Their usual form is triangular-
ovate, or oblong-ovate, with a salient prominence in front , either close to the wing -roots
or midway towards the apex, in which last case the prominence is sometimes (e. g.  in
Habrophlebia)  followed by a deep sinus ; their neuration is fairly plentiful . When they
are very minute their nervures are very scanty , and their form is usually oblong or
linear -lanceolate.

The inner margin of the fore wing and the anterior margin of the hind wing hitch
together automatically to a larger or smaller extent when the wings are spread open.

The wing-membrane  is usually glassy and iridescent in the adult . In Oligoneuria
and some other genera, however, the subimaginal pellicle of the wings is not shed, and
these are dim in consequence (viewed as transparencies ) ; their reflection too differs from
that of the wings of other Mayflies in being either glossy instead of iridescent , or else (as
in Lachlania &c .) of uniform azure glow. Pigment is often deposited in the marginal
and submarginal areas of the fore wings , and occasionally in all of the wings beside some
of the nervures and cross veinlets as well as at the wing-roots ; by the confluence of

1*



4 REV . A . E. EATON ON RECENT EPHEMERID/E OR MAYFLIES.

adjacent deposits blotches and fasciae are apt to be produced . The wing-membrane is
decurrent along the sides of the peak of the mesonotum ; in Oligoneuria  and some allied
forms it is there prolonged into short free subulate tails , figured by Dr . Hagen in 1855.
In most of the Ephemeridse , during the subimaginal stage , the wings are fringed with
short ciliae along the terminal margin . This fringe (excepting in Ccenis, Prosopistoma ,
and Trycorythus)  is not retained by the adult fly.

Wing-neuration  in the Ephemeridse is less complicated than it appears to be ; and
where difficulty is experienced in ascertaining the homologies of nervures , it is more
likely to be occasioned by the suppression of some of them than from there being more
in the wing than can be reasonably accounted for. Unstable in minutiae, so closely is
the essential plan of the neuration adhered to by nearly related Mayflies, that the
general facies of the wings is an important aid to their classification , affording charac¬
teristics as easily recognizable as the style of branching in the case of trees . Its simplest
modifications are displayed in Oligoneurians (PI. III .), its most complex in PI . YI.

Throughout the whole series of figures illustrative of neuration , the special and serial
homologies of the main nervures of the fore wing and hind wing are indicated by
numerals (the same number being employed to denote the same nervure in every figure),
and these are placed at the distal extremities of the following nervures , excepting the
costa and the sutural nervures , whose numbers are not usually appended to them :—
1, the Costa, coincident with the anterior margin of the wing ; 2, the Subcosta ; 3, the
Radius ; 4, the Sector ; 5, the Cubitus ; 6, the Prsebrachial ; 7, the Pobrachial ; 8, the
Anal ; 91, 92 &c . Axillary nervures ; 10, the Sutural vein coincident with the inner
margin . Between these nervures others of an adventitious nature that issue from the
wing-margin in certain regions are often interpolated ; in many genera they do not
remain free, but annex themselves to the adjacent main nervures , often acquiring the
appearance and discharging the functions of branches of these . When necessary or
advisable for purposes of elucidation , the numeral of the nervure , dashed, is repeated at
the extremity of the hindermost adventitious branch.

At a meeting of the Entomological Society of London , in Eebruary 1879, I remarked
upon the tendency of the main nervures of the anterior wing in most of the Ephemeridse
to be segregated into three groups, of which the first communicates directly with the
thorax , the intermediate is either annexed to the first group , or terminates in the wing-
membrane adjacent to it , close to the base of the wing, while the third is associated with
the prominent curved or angulated crease in the membrane which forms the boundary
of a depression posterior to the great cross vein and close to the wing-roots . I men¬
tioned , further , that the anterior nervures of the hinder groups had a proneness to
secede from their own set, and transfer themselves to the hindermost nervure of the
group next in advance of them, so that in other orders of insects they are usually
reckoned as branches of the nervures to which they have strayed . An extreme instance
of such a transference is shown in the remarkable aberration figured in PI . VII . 11 c,
where the sector (4), accompanied hy most of the neighbouring adventitious nervures,
has usurped the trunk of the radius (3), so that this last nervure is not in direct con¬
tinuation with its own basis, but simulates a branch.
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Nervures of the fore wing. First group. —The costa (1), the subcosta (2), and
radius (3), are strong simple nervures , nearly of the same length , and almost parallel
with one another . Close to the base of the wing they are all connected by the great
cross vein, and still nearer to the wing-roots the hinder two are again bound firmly
by another strong cross vein . In Falingenia  and some other genera the costa and
subcosta are liable to be folded back under the radius , so that this last appears to skirt
the edge of the membrane for a considerable distance . In Flassoneuria (PI . III . 3)
the subcosta is completely suppressed ; and in no case is the adventitious mediastinal
ever developed in the Ephemeridse.

Second group .—The sector (4) and cubitus (5), the praebrachial (6) and pobrachial (7),
are the main nervures of the second group . The sector and cubitus (excepting in genera
allied to Oligoneuria,  where one or both of them are suppressed ) unite before the middle
of the wing, and their common trunk joins the prsebrachial towards its termination.
The sector is usually reckoned as a branch of the cubitus by entomologists ; but it
constitutes a separate nervure in the hind wings of many Ephemeridse . Excepting in
wings very scantily nerved, the interval between the sector and cubitus is supplied with
adventitious nervures , usually five in number , but sometimes three or six . When there
are five of them , the fifth from the sector is the longest , the third the shortest of all, and
the first is longer than the second. In Cloeon  and some other genera cross veinlets
afford the only communication between these and the main nervures ; but very fre¬
quently most of them combine with the first or fourth , and that unites with the sector,
the fifth usually remaining alone . When the prsebrachial nervure is simple (excepting
in allies of Oligoneuria)  two adventitious nervures are always interposed between it and
the pobrachial nervure (PI. XVI . & XVII .) ; when it is forked, its fork contains a single
adventitious nervure , and its hinder branch is followed by the pobrachial nervure imme¬
diately without the interpolation of any nervure whatever . The hinder branch of a
forked prsebrachial nervure is therefore evidently homologous with the second adven¬
titious nervure , and should be accounted a false branch accordingly . The fork is ex¬
tremely deep in Campsurus  and Folymitarcys (PL V. & VI .).

The pobrachial nervure , somewhat deserted by its fellows, is essentially a simple nervure,
any branches which it may appear to have being (like those of the prsebrachial ) virtually
adventitious nervures introduced between it and the anal nervure . Because in this
as in the last instance referred to, when the pobrachial nervure is obviously simple
(PI . XVI . & XVII .), two adventitious nervures intervene between it and the anal
nervure (8), which sometimes annex themselves to the latter (PL I . 1 b,  1 c) ; and when
the second of them simulates a branch of the pobrachial , the fork thus formed contains
a single adventitious nervure within it , and is followed immediately by the anal.
Sometimes each of them unites with the nervure to which it is nearest (Pl . V. 8 a) ;
in short , the combinations into which they enter with themselves and the adjoining
nervures are almost as many as are possible. In Falingenia longicauda (Pl . I . 1 a), pro¬
vision seems to be made for the origination of several other adventitious nervures.

Third Group. —The anal (8) and the axillary nervures (91, 92, &c.) complete the series
of main nervures in the disk of the wing. The former , as a rule , subtends the anal
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angle directly , receiving some or all of the adventitious nervures that may happen to
originate in the interval between itself and the first axillary nervure . But there are
many deviations from this rule . In genera related to Polymitarcys  and in Palingenia
(PI . I ., II ., Y. & VI .), from one to five adventitious nervures come between the anal
nervure and the anal angle ; while in Bcetisca (PI . XXI .), where no nervure worthy of
mention intervenes before the axillaries , the first and second nervures of this last group
extend to the terminal margin between the said angle and the anal nervure . The usual
interpolated nervures in other instances are occasionally intercepted by the first axillary
instead of by the anal nervure (PI . XI . 18, &c.). In several genera the last of these
adventitious nervures sometimes assumes the aspect of a main branch of the anal nervure
(PI . I .- III . &c.).

The axillary nervures seldom extend beyond the middle of the inner margin ; but in
Cloeon  and its allies (PI . XVI . & XVII .) the first of them reaches to where the anal angle
would be in wings of a more distinctly trilateral form, and in Bcetisca (as has been
stated just above) both it and the second axillary nervure terminate beyond this angle.
In Oligoneuria  and kindred genera the axillary nervures are either suppressed , or are
represented only by a very few short obsolescent rudiments at the commencement of
the inner margin.

By careful inspection of the third group of nervures , observing especially the disposi¬
tion of the proximal extremities of the main nervures along the prominent curved fold
of the membrane , the form of the area contained by the first axillary nervure and the
inner margin , or of that enclosed between the first and the second of the axillary nervures,
and lastly , the general aspect of the adventitious and other nervures , the approximate
affinities of Ephemeridse to one another can be ascertained very easily.

Cross veinlets,  speaking generally , are of very small account in classification , though
the contrary was formerly supposd . Their relative abundance or scarcity in the marginal
area used to be considered as an item of prime importance ; but the sexes of the same
species sometimes (e. g.  certain species of Cloeon)  differ from one another , in respect of
this very particular , more than , in other instances , the species of different genera . They
occasionally are serviceable in the distinction of species, more especially the veinlets in
the pterostigmatic portion of the marginal area : in some genera these are indifferently
simple or branched in individual examples of the same species, and their branches are
apt to anastomose with one another . The nature of the series of anastomosing branches
is obvious enough in actual specimens of the insects , but in figures of wings it is liable
to be mistaken for an adventitious longitudinal nervure , as has recently been done by a
distinguished entomologist . Several of the genera related to Oligoneuria  have a peculiar
arrangement of elevated folds and cross veinlets forming communications between the
main nervures close to their proximal extremities , to which attention was first directed
by Dr . Hagen in 1855. They are indicated in only one of my figures (PI. III . 2 a, ? ).

Nervures of the Hind Wing. First Group. —A noticeable difference is perceptible in
the composition of the first group of nervures in the hind wing, compared with the corre¬
sponding group in the other wing, because the cubitus (5) is transferred to it from the
second group , and is annexed to the radius (3) either near the base (PI . I . 1 a), or
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nearer the middle of the wing (PL XII .), the sector and the adjacent adventitious nervures
either remaining apart from both or forming a union with either of them . When the
costa is not rounded off at the extreme base, it almost always describes a salient angle
in or before the middle of the anterior margin , after which it becomes approximated to
the suhcosta (2) ; and this last , when not straight nor evenly curved, is strongly arched
towards its proximal extremity . The radius (3) takes a nearly direct course to the further
border of the wing , near the apex, so that a relatively wide space is left between it and
the subcosta : in Bcetisca  it is interrupted , or obsolescent . The sector and adventitious
nervures (4- 41) are suppressed in scantily nerved wings, but vary in number and in their
combinations in other instances . The sector alone is present in some species of Campsurus
(PI . Y. 8 b) ; hut in most genera there are at least two adventitious nervures associated
with it , the hinder one of which usually unites with the sector, so as to form a fork,
including its fellow. Another arrangement occurs sometimes in Polymitarcys (PI . VI.
10 a)  where three such nervures are interposed ; in Palingenia (PI . I .) and Bcetisca
(PI . XXI .) there are perhaps five of them , whilst in most of the genera from Coloburus
onwards , although the number of the adventitious nervures appears at first to be two, it
seems reasonable upon closer inspection to recognize four of them , of which the third
unites with the cubitus (5) to form a fork enclosing the fourth (41), in the same manner
as the second and sector enclose the first.

Second Group.—The defection of the cubitus and sector from this group is compen¬
sated for by the transference of the anal (8) nervure to it . When adventitious nervures
are interposed between the praebrachial and the pobrachial (they are absent in Habro-
phlebia,  PI . XIII .), they are more frequently associated with the former than with the
latter nervure ; and it sometimes happens that the hindermost adventitious nervure (61)
in genera related to Siphlurus,  assumes equality with , or even predominates over, the
praebrachial (6). The adventitious neuration intervening between the pobrachial (7)
and anal (8) is of meagre extent when it is not suppressed.

Third Group .—The axillary nervures (9), usually left behind by the anal (8), gene¬
rally occupy a very limited , space in the hind wing ; they attain their highest develop¬
ment in Chirotonetes  and Oniscigaster (PI . XIX . & XXI .).

The legs  present great differences in their condition , in the relative lengths of the
several pairs , and in the proportions of the component parts of corresponding pairs . Some
of these differences are sexual, others are generical . Sometimes all of the legs are func¬
tionless, —flaccid, filamentary rudiments of the tibiae and tarsi , or else atrophied miniatures
of the same, definitely shaped, but thoroughly infirm, remaining attached to the femora ;
in other instances such is the condition of only the two hinder pairs , and then the anterior

» pair may be either stout and short , or slender and long in either the male only, or in both
sexes. The fore legs are always longer in the male than in the female (usually very
much so), and are generally longer than either of the hinder pairs ; hut in the male of
Oligoneuria  the fore leg is shorter than the intermediate . The hind legs are usually as
long as, or shorter than , the intermediate ; but in Adenophlebia  the middle pair is the
shortest of all . The prolongation of the fore leg is chiefly due to the lengthening either of
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the tarsus , or of the tibia , or of both of them ; hut in the other legs it is generally brought
about by extension of the tibia and femur . The fore tarsus is often as long as the tibia;
indeed in the male it frequently is much longer than it : the hinder tarsi are usually
shorter , and only in a very few forms are they longer than it (e. g.  in Bcetisca,  where the
proximal joint of the tarsus by itself is as long as the tibia ). The maximum number of
tarsal joints is 5 ; the apical projection of the tibia which, in some genera , forms a basis
for the insertion of the fore tarsus of the male, resembles at first sight a sixth joint , hut
it conforms in colour to the tibia and not to the tarsus . All of the tarsi may alike have
five joints , or the fore tarsus may be five-jointed , while the others have only four distinct
joints , and a very ill-defined trace of the fifth ; or all of them may have only four joints :
in atrophied legs, however, the tarsi of the hinder legs may be two-jointed , or even
jointless . The ungues of the fore tarsus are sometimes both alike in form and size ; but
this is often not the case : the same may be said of the ungues of the hinder tarsi , which
further may resemble or differ from the ungues of the fore tarsus in form.

The forceps of the male (specialized legs of the ninth abdominal segment ) are seldom
jointless ( Ccenis, Campsurus, &c .), but are usually two-, three -, or four-jointed , with the
basal joint or the next the longest. In some genera they afford good distinctive cha¬
racters of species.

Much diversity is exhibited in the number and relative proportions of the caudal setae.
They are often all of one length ; but the median seta is occasionally a little longer or a
little shorter than the others , sometimes considerably shorter , frequently atrophied to a
mere rudiment , and in many instances altogether cast off. The outer setae are always
persistent (in the absence of accident ), and either many times exceed, or else equal or
fall short of, the body in length , according to sex or genus . The setae are commonly
glabrous , or almost so, seldom pilose or plumose : their component joints , transverse in
the basal portion , assume a more elongated form in the distal portion of the seta , where
in some cases they attain rather attenuated dimensions.

Habits of the Flies.

The popular supposition , that Mayflies are strictly ephemeral , is fallacious in most
instances . It is true that the adult insect cannot eat , owing to atrophy of its mouth -organs
and to the condition of its alimentary canal ; but , provided that the air be not too dry,
the imagines of many genera can live without food several days. Tradition states that
Curtis kept a female Cloeon  alive three weeks ; this is an exceptionally long period, for in
general an individual in confinement becomes perceptibly shrunken within three days,
and is dead by the fourth day, if not before. Apparently there is some correspondence
between the length of time spent in the subimago stage and the duration of the life of •
the imago : when the former amounts to twelve or twenty -four hours and upwards , the
latter lasts more than a day ; but when the change into imago takes place within a few
minutes of the insect ’s quitting the nymph skin , its life is fugitive , passing away in the
course of the evening or early morning . In some genera of short -lived Ephemeridae the
subimago skin is partially or altogether persistent in one or other of the sexes ; and such
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portions of it as may be shed are moulted while the insect is in full flight . Thus the
males of Oligoneuria  retain the pellicle in question upon their wings (the slough that
may often he seen still dangling from their tails comprises exuviae of the body, legs, and
setae only), whilst the females of Palingenia , Campsurus,  and some others , seem to throw
off none of it at all . The males of these restless creatures have their hinder legs either
atrophied or too feeble to support the body, and in most of the females the fore legs also
are equally infirm and functionless . The longer -lived flies issue from the nymph -skin in
a rather less matured condition than the others ; their legs are always serviceable in both
of the sexes ; and the subimago skin is always completely cast . The change from nymph
to subimago is effected while the insect is floating at the surface of the water , buoyed up by
gas which has accumulated within the alimentary canal and between the new and the old
integuments of the body. The moult having been transacted in the ordinary manner , the
subimago , standing upon the water with the wings erect , awaits a favourable moment for
flying to shelter . Fluttering steadily upwards it mounts aloft , sometimes to a considerable
elevation , presently making its way to trees , walls, or herbage , &c., likely to afford it a
suitable resting -place . There it assumes the posture characteristic of its genus during
repose. It may stand either upon all of its feet, or upon only the two hinder pairs ; and
the fore legs extended in advance , off the ground , may in this last case be held either
close together or else apart from each other . The caudal setae, in most instances diver¬
gent , are sometimes placed alongside of one another horizontally , or slanting upwards.

Adult diurnal Ephemeridoe, in hot weather , seek repose during the heat of the day,
limiting their flight to the cooler hours of sunlight , or, at most , extending it later in the
evening till just after sunset . In cold disagreeable weather they seldom fly at all, but
remain under shelter . Many persons are familiar with the mode of flying habitual to
some of the more conspicuous Mayflies (especially the males ), which , by the intermittent
action of the wings, results in a dance -like motion almost vertically up and down,—a
fluttering swift ascent, and then a passive leisurely fall, many times repeated . The body
during the rise is carried in a position very little out of the perpendicular , with the legs
extended upwards in advance , and the setae trailed behind ; and this is the posture main¬
tained by Ueptagenia  and its allies (only their setae are divergent ) whilst hovering head to
windward , which has led to their being locally designated in the valley of the Axe (Devon)
“Yellow Uprights .” During the descent , the body, less steeply inclined , is steadied by
the half -spread motionless wings and the outstretched setae and legs. The males of CcBnis
sometimes jerk themselves downwards impetuously in their dance, instead of subsiding
without effort ; and the females of lEphemerella,  while flying horizontally onwards, have
a habit of dipping frequently in their flight . Conspicuous objects near water , such as
roads, hedges , and shrubs , as well as the streams inhabited by the nymphs , are favourite
rendezvous of the dancers , and therefore good sites for collecting the adult flies. In
mountain -glens and wooded ravines prominent light -coloured rocks often serve to attract
them ; but frequently in such situations their diversions proceed beyond the range of the
net . When this is so, it is advisable to watch for subimagines rising from the water , and
carry them home alive in bottles , to undergo their moult . The bottles must be kept cool,
and neither very dry inside nor visibly damp ; and it is sometimes necessary to place
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within the hottle a piece of paper , secured from shaking about , to afford foothold to the
captives . A woollen wrapper round the hottle , and three or four drops of water upon the
paper , meet these requirements ; and in very warm weather the bottles can be carried in
a mat basket . Subimagines of certain genera issue only at particular times of the day ;
as a rule , the afternoon and evening are the best periods for collecting them . In the
morning specimens harbouring amidst branches of shrubs and trees overhanging streams
can be procured by beating into the net . Nocturnal species may advantageously be
looked for in spiders’ webs, and on lamps , adjacent to rivers ; and wherever such lamps
happen to be close to white walls or placarded hoardings , numbers of specimens are apt
to be attracted by the illuminated surfaces . Subimagines of Baetis  and sundry other
genera may frequently be found clinging to Sparganium  and grass at the borders of
streams , a few inches above the level of the water.

Many species that fly by night appear on the wing before dark . They are most of
them short -lived . The ordinary flight of Oligoneuria  is rapid , the insects sweeping
swiftly to and fro, far up and down the stream , with flurried hustling movements , very
similar , indeed, to those of Leptoceridse, the females for the most part close to the surface,
and the males a few feet above it , while now and again a female hurries aloft pursued by
a jostling throng of admirers amidst whom she very soon sinks down again encumbered
towards the water . Upon occasion, however, they behave differently . During one or
two nights only in the course of the season, in favourable weather , innumerable multi¬
tudes of these flies issue after sundown from the river , filling the air , like snowflakes in a
storm , to a very considerable height (M. Albert Muller observed some at an altitude of
500 feet above the Rhine at Basle), and advancing steadily in one direction . Species of
other genera , such as Palingenia  and Polymitarcys,  have a similar habit of swarming , and
so also have certain kinds of Ephemera  and ILexagenia . Ccenis  has been observed in
East Central Africa flying in dense clouds that resembled smoke in the distance.

Most of the Ephemeridae couple during flight , the male lowermost . Darting at his mate
from below, and clasping her prothorax with his elongated fore tarsi (whose articulation
with the tibia is so constructed as to admit of supination of the tarsus ) he bends the
extremity of his body forwards over his back , grasps with his forceps the hinder part of
her seventh ventral segment , and with his outer caudal setae embraces her sixth segment.
These two setse exhibit near their origin a strongly marked articulation , where they can
he deflected abruptly so as to lie forwards over the back of the female parallel with one
another between her wings . Meanwhile the couple gradually sink , the female not being
quite able to support herself and mate ; and by the time they reach the ground , if not
before, their connexion is usually terminated , although a pair of Ecdyurus  has been seen
by me to maintain union effectively as long as six or seven minutes after they had come
to rest . Soon after their disengagement the male flies away to resume his interrupted
gambols (being prone to polygamy), and the female after resting awhile repairs to the
water to lay her eggs. Many of the females are polyandrous.

The male of Palingenia  has very short fore legs ; and he is mated , not in mid air , but
upon the river amidst crowds of rivals , who pile themselves up upon him and his sur-
roundings until he is overwhelmed by a large struggling mass of them floating down the



EEV. A. E. EATON ON EECENT EPHEMEEIDtE OE MAYFLIES. 11

stream like a heap of foam, whose resting -place (in New Guinea , at least ) is generally
found in the mouth of a big fish. [See below, under Palingenia papuana .]

OviPOSITION AND THE EGG.

Oviposition is usually performed in fresh water ; a Cingalese Palingenia,  however,
inhabits an estuary where the water occasionally must be brackish . Some short -lived
species discharge the contents of their ovaries completely en masse,  and the pair of fusi¬
form or suhcylindrical egg-clusters laid upon the water rapidly disintegrate , so as to let
the eggs sink broad -cast upon the river -bed. The less perishable species extrude their
eggs gradually , part at a time , and deposit them in one or other of the following manners :—
either the mother alights upon the water at intervals to wash off the eggs that have issued
from the mouths of the oviducts during her flight ; or else (Eaton , Trans . Ent . Soc.,
London, 1873, p. 401) she creeps down into the water —enclosed within a film of air , with
her wings collapsed so as to overlie the abdomen in the form of an acute narrowly linear
bundle , and with her setae closed together —to lay her eggs upon the underside of stones,
disposing them in rounded patches , in a single layer evenly spread , and in mutual con¬
tiguity . This has been witnessed by me several times , and in the case of several species
of Baetis.  The female on the completion of her labour usually floats up to the surface
of the water , ineffectively swimming with her legs, and , on emerging , her wings all at
once are suddenly unfolded and erected ; she then either flies away, or (as often happens)
if her setse have chanced to become wet and cannot be extricated from the water , she is
detained by them until she is drowned. In some instances , however, the female dies
under water beside her eggs.

The eggs, indefinitely numerous , are diversiform according to the genus , some being
subrotund , others elliptical . An appendage of various relative size is in certain cases
present at one end of the egg ; for example , in Ccenis  it is narrowly crescentic , but
in Ephemerella  it nearly equals the yolk itself in size, and forms in combination with it a
somewhat figure -of-8-shaped mass.

The duration of the egg-stage varies with the temperature to which the eggs are
exposed. Some of Polymitarcys virgo,  kept in Dr . N. Joly ’s laboratory at Toulouse, were
hatched about six or 'seven months after they were laid.

Professor L . Calori (1848) and Dr . E . Joly (1877) have recorded instances of larvi-
parition observed by them in Cloeon dipterum.  Although they supposed that the young
were produced from impregnated eggs retained within the mother , perhaps for some
weeks, it may be conjectured , with equal if not greater probability , that these were the
produce of unfertilized ova advanced to maturity within the nymph and hatched as soon
as she became an imago.

In the absence of elaborate contrivances , many Ephemeridse can he bred in captivity
if confined in flower-pot saucers , or other wide vessels, containing very little water , duly
protected from extremes of temperature . If the bottom he glazed inside, it should he
thoroughly strewn over with sand or fine river -gravel , that the insects need not die of
fatigue in struggling to maintain their footing upon it . Ranunculus  should not be

2*
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planted in the pans , because the sap exuding from its broken stems appears to be
poisonous to these animals.

The Young oe the Ephemeridai.

The term " nymph ” is employed in this work to designate all the subaqueous stages
in the development of the young after it is hatched . The old-fashioned usage of " larva ”
and " pupa, ” borrowed from the terminology of other Orders to denote respectively the
wingless and wing-budding grades of the nymph , seem scarcely worth retention ; for they
do not indicate precisely any definite epochs of particular importance in the life-history
of these animals . Nymphs are young which lead an active life, quitting the egg at a
tolerably advanced stage of morphological development , and having the mouth -parts
formed after the same main type of construction as those of the adult insect.

Mayfly nymphs mostly feed upon either mud or minute aquatic vegetation , such as
covers stones and the larger plants ; hut (judging by their mandibles and maxillae) some
must he predacious . Many of them live in concealment in the banks or under stones
in the bed of streams , rivers , and lakes ; others ramble openly amongst water -weeds and
swim with celerity . Certain genera are restricted exclusively to large rivers ; and one of
these (Palingenia ) is said to remain a nymph three years . Cloeon (teste  Sir John
Lubbock ) moults twenty -three times , and is probably bred much more expeditiously than
Palingenia ; it is one of the genera found in streams , ditches , and ponds , or the shallow
parts of lakes.

Besides the influence of flood and drought , or constancy of supply , the climate of the
water is largely concerned in determining the fitness or unsuitability of a particular site
for particular kinds of Epliemeridse. A knowledge of the water -climate needed by a
species renders intelligible the limitations of its geographical and local distribution.
The temperature of the ordinary land -springs in a district enables the climate of other
water in that neighbourhood to he ascertained readily by comparison with it . If the
water of a given site exhibits marked differences in temperature from the standard of the
neighbourhood , according to the season or the time of day, its climate is extreme , and
the site cannot be inhabited by species which require relatively cold water.

The newly hatched nymphs are destitute of any visible muscular , nervous , circulatory,
or reproductive system ; their alimentary canal is incomplete ; and , being too small to
require special breathing -apparatus , they respire through the integument at large . The
abdomen is 9-jointed , and the antennae and caudal seta; have likewise fewer articulations,
and are less hairy than those of more advanced nymphs . Polymitarcys  possesses the
third caudal seta even before it is hatched ; hut Cloeon  is born without any trace of
it , and developes it gradually at a later period (Joly and Lubbock ).

During the first few days after their birth the young cast their skin several times , the
intervals between the moultings lengthening by degrees (Lubbock ). Blood-globules and
rudiments of the tracheal branchiic begin to appear simultaneously when the insect is
eight or ten days old ; the latter bud forth from the hinder lateral angles of some of the
abdominal segments , and (like the parts of the mouth ) are modified considerably in
detail before they acquire their ultimate shapes (Joly ).



EEV. A. E. EATON ON EECENT EPHEMEEIDvE OE MAYFLIES. 13

Adolescence is evidenced by the advancement towards maturity of the reproductive
organs internally , and externally hy the outgrowth of rudimentary wings from the hind
borders of the proper segments . The forceps of the male also begin to hud forth , and in
certain genera an extension of the apical integument of the penultimate ventral segment
becomes perceptible in the female.

Characters and Peculiarities of the Nymph.—In their general form most nymphs nearly
resemble the adult . Prosopistoma  is exceptional in having the body oval in outline,
convex above and flattened beneath ; and it possesses the faculty of adhering firmly hy
suction , like a limpet , to stones . A N.-American ally of Ephemerella (PI . XXXIX .),
longer in the body than Prosopistoma,  is furnished with concavities on the pectus and
venter that are densely pilose, which appear to afford it a similar power . Many other
genera have the body of the nymph dilated and flattened beneath more than it is in the
imago, but not with any view to its employment as a means of adhesion.

Head diversiform , prominent , usually about as wide as the thorax , vertical or else
protense ; cranial sutures mostly distinct . Labrum (when present ) transverse , emar-
ginate in front , and rounded off at the anterior corners ; when it is absent , a velvety fold
of the palate -membrane completes the enclosure of the mouth opening immediately
above the mandibles at a distance from the edge of the epistoma , Prons usually even,
but sometimes (e. g. in Ephemera)  produced into short projecting points . Ocelli three,
small . Oculi moderate , becoming large in the adolescent male . Antennse slender and
tapering (their first two joints the stoutest ), usually many -jointed and long , but some¬
times few-jointed , very short and subulate ; in many genera the joints are nearly bald,
whilst in others (e. g. Ephemera ) they are beset near their tips each with a whorl of long
spreading hair . Mandibles strong , with more or less asymmetrical dentition , which com¬
prises usually a molar surface in addition to fang-like lobes ; but in some predatory
genera (Pis . XLIII . & LIII .) the molar region is wanting . The cndopodite is often
represented by a slender jointless movable appendage attached to the inner base of tbe
inferior lobe (as in Siphlurus,  PI . L .), or sometimes by a tuft of hair (Ecdyurus,
PI . LXII .). The lobes are remarkably abrupt in Paetis (PI . XLIV .). The outer lateral
region of the mandible in a Palingenia  from Ceylon (PI. XXV .) is produced into a
massive enlargement continuous with the crown ; in Potamanthus  it is armed with a
tooth -like tubercle (PI . XXXI .) ; in Polymitarcys , Ephemera, &c . it is extended into a
strong tapering tusk , distinct from the crown, variously furnished outside with tubercles
(Pis . XXVIII . & XXX .) ; this prolongation is more slender in Euthyplocia  and densely
hairy (PI. XXIX .). Pirst maxilla unaccompanied by a galea, its inner edge generally
either hairy or rigidly setulose, but sometimes spinose, the point often pungent , the
crown variously armed , sometimes with long fine hair distributed evenly upon it
(Oligoneuria , Polymitarcys,  Pis . XXVI .- XXVIII .), sometimes with a dense beard of
harsh hair , as in PLahrophlebia (PI . XXXVI .), at other times with pectinate spinules , as
in Chirotonetes, Phithrogena, &c . (Pis . XLIX ., LIV ., &c.). Palpus of first maxilla
usually 2-, 3-, or 4-jointed , according to the affinities of the genus [but in one instance
multi -articulate (PI. LIII .)] , and of various relative length, —extremely long in Euthy¬
plocia (PI . XXIX .), very short in Ephemerella  and its kindred (Pis . XXXVII .- XL .).
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Second maxillae, when present (in Oligoneuria  they are either suppressed , or else are
reduced to the condition of raised folds traversing the upper surface of the labium,
PI. XXVI .), simple and usually flattened ; palpus 2-jointed in allies of Palingenia  and
Ecdyurus (though in this latter group of genera the last joint may essentially be
compounded of two), 3-jointed in most other instances , but in one remarkable case
(PI . LIV .) multiarticulate ; it usually tapers towards its extremity , but is sometimes
enlarged or expanded , whilst in Bcetisca (PI . LII .) it is actually forcipate . Labium
in the large majority of genera plane and bipartite , with lobes as large as, or smaller
than , the lacinise of the second maxillae. In a few cases it is undivided , and is then
either plane and creased lengthwise through the middle ( Oligoneuria,  PI . XXVI .), or
else is conduplicate (Balingenia , PL XXY . ; Bolymitarcys,  PI . XXVIII .). Tongue
(glossa) and paraglossse membranous or pergamentose , the former usually inflated and
often concave in the middle , generally broad , and either as long as or shorter than the
paraglossse. The following are their leading modifications :—paraglossse broad ; tongue
ovate (Pis . XXV . & XXVI ., Balingenia  and Oligoneuria ), subrotund (PI. XXVII . Jolia ),
oblong and entire (PI . XXXIII . Blasturus ), emarginate (Pis . XXIX . & XXX ., Euthy-
plocia  and Ephemera ), obcordate (PI . XXXI . Botamanthus ), retuse , with claw-like lateral
projections (Pis . XXXIV . & XXXV ., Choroterpes  and Thraulus ), mucronate , and in
combination with the paraglossse rather like a mitre or a biretta seen broad -wise
(Pis . XLV .--XLVII ., Baetis  and allies ) :—paraglossse narrow and recurved , tongue
broad and bifid (PI. XXXVI ., Habrophlebia ). In some genera both glossa and para¬
glossse appear to be absent ; Brosopistoma  seems to have none.

Thorax compact or subcompact , rigid ; pectus rather broad ; prothorax usually well
developed and more distinct than the metathorax from the mesothorax ; but in Bcetisca
and some few other genera (Pis . XLIII ., LII .) the pronotum is intimately blended with
the mesonotum . Ecdyurus  and many of its kindred have the head and pronotum bordered
at the sides with a membranous expansion seemingly subservient to the oxygenation of
intratracheal air . The winglets of advanced nymphs are united by their inner margins
to the apical borders of their proper segments , and overlie the base of the abdomen. In
nearly mature nymphs of Oligoneuria (PI . XXVI .), and in even less aged specimens
of genera related to Ephemerella (Pis . XXXVII .- XL .), the space included between
the terminal margins of the fore wings and the peak of the mesonotum becomes closed
over by a membrane in continuity with the same, extending almost up to the extre¬
mities of the wings. This membrane is produced backwards still farther in Brosopistoma
and Bcetisca (Pis . XLIII . & LII .), so as to form in combination with the wings a
hood which completely roofs over the tracheal branchiae and the segments that bear
them . Pormerly the construction of this shield was not quite understood , the whole of
it being attributed to hypertrophy of the mesonotum ; but one of Dr . Hagen ’s gifts of
specimens furnished the means of explaining its composition rightly . Coxae usually
prominent , but not so in Brosopistoma (l. c.). Trochanter short and strong , Pemora
moderately or very stout , sometimes much compressed . Tibiae spurless , though in a few
instances terminating in a point or spine ; often apparently compound owing to the
distinctness of an oblique line of muscular insertion perceptible below the knee . Tarsi
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2-jointed , the terminal joint claw-shaped . The legs, as a whole, are modified to suit the
habits of the nymph : the hinder pairs of burrowing nymphs are often short and weak,
whilst their fore legs are strong (e. g. Polymitarcys,  PI . XXVIII .) ; the fore tibiae and
femora of many sucb nymphs also are often strongly bearded with long stiff hair . In
Prosopistoma  the corresponding armature is a row of minute pectinate spinules . Dif¬
ferent nymphs have different manners of disposing their legs whilst swimming , according
to their kindred ; those which swim laboriously and slowly keep theirs at work as if
they were running , without much effect. Heptagenia  and its allies employ their
flattened femora to some advantage ; others , such as Cloeon  and its associates, trail
their legs at length through the water , darting swiftly about , propelled solely by their
caudal setae; but the legs of Prosopistoma (which is just as nimble as the nymphs last
referred to) are folded up closely beneath the thorax , which is grooved for their recep¬
tion . The legs of dead specimens in fluid are often set out in the postures appropriate
to them during natation.

Abdomen sessile, differing considerably in length relatively to the head and thorax,
according as the anterior segments are or are not abbreviated in comparison with the
hinder ones ; in cross-section it is either subcircular , or arched above and flattened
beneath . The hinder lateral angles of some of the segments are in many genera pro¬
longed backwards into acute teeth of diverse dimensions . Prom the last segment just
below the tergum issue two or three many-jointed caudal setse of various lengths in pro¬
portion to the body ; sometimes they are much longer than it (Heptagenia &c .), at
others unequal to it , while in a Palingenia  from Ceylon and a few other genera they are
many times shorter than it . The median seta is in some instances the shortest or even
abortive , and in many more is eventually deciduous at the penultimate moult through
atrophy . Throughout more or less of their extent , on one or on both sides, their hair is
usually lengthened so as to feather them and render them fit to serve as organs of
propulsion . The outer tails can be moved at will towards or away from the median
tail ; and the amount of their natural divergence from it during repose is an item of
importance in classification. In Prosopistoma  the setaj can be simultaneously retracted
into the abdomen so as to be entirely hidden.

Tracheal branchiae are movable, membranaceous , or filamentose appendages to the
integuments , enclosing branching tracheae, which are deciduous with the epidermis, and
are media for the oxygenation of the systemic air distributed throughout the body. It
is usual to assert that the insect employs them as fins ; but however rapidly it may
agitate them to and fro, they do not seem to increase its rate of progression . They are
principally outgrowths of some or all of the first seven abdominal segments , and arise
from only one region of the same segment at a time ; but the point of origin need not be
the same in consecutive segments . In the large majority of genera their places of
attachment are latero -dorsal , and then either well in advance of the posterior angle of
the segment (Palingenia , Leptophlebia, &c .), or at the apex of the angle , or else at the
hinder border of the segment , within a sinus at the base of the lateral tooth -like pro¬
longation of the same. The first abdominal pair in Oligoneuria  and llhithrogena  is
latero -ventral instead of dorsal ; and in the former genus, as well as in Jolia , one pair is
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