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AUTHOR'S ABSTRACT

The embryos of twenty-one species of the family Goodeidae have extensive rectal processes
(trophotaeniae) which serve as absorptive orzans, by means of which the embryos while
they are retained i the ovarian cavity absorh substances dissolved in the ovarian Hluid.
Embryos of three species have not bheen available for study.  No trophotasniae are present
in one species Ataeniobius toweri. There are three general types of trophotaeniae, rosette,
sheathed and unsheathed. The structure of the trephotaeniae is sufficiently constant in each
species to be used in species determination.

INTRODUCTION

pA K3 ]

In a recent paper (Turner, 33) the writer gave an account
of the discovery of some unique absorbing struetures found
in the embryos in some species of the family Goodeidae,
found in the Mexican plateau and in some adjacent streams.
The structures were found in five species belongine to as
many genera, and it seemed likely, beeause of the constaney
of their occurrenee, that the embryvos in the remaining genera
and species might also be equipped with the ProOCesses,
Fortunately the writer has heen able to study embryos of all
the remaining species exeept three,  In 1905 Dr. Seth Meck
made an extensive colleetion of Mexeian fishes tor the Field
Museum and gravid temales of most of the species of the
Goodeidae were found in the colleetion.  Alfred (. Weed and
the officials of the Field Museum kindly permitted the writer
to secure ovaries from the eravid females and to study the
embryos. Much of this material was in an excellent state of
preservation and not only the gross structures of the reetal
process but the histology alzo could be studied. In addition,

'The term trophotaeniae, “growth ribhons,’ was introduced by Hubbs and

Turner ("37),
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gravid specimens of Xenoophorus erro and of Characodon
lateralis from the colleetion at the museum of zoology at the
University of Michigan were examined with the permission of
Dr. (. L. Hubbs. Another speeies tormerly classified as
lyvodon paraguayensis was examined at the National Museum
by Hubbs and was found to be identical with the Mexican
llvodon (Characodon) furcidens. Latera wpecimen was loaned
to the writer by Dr. George S. Meyers, Curator of Fishes.
This paper is written, therefore, with hl.‘it-h&llld or indirect
information on the condition in all the species except, Al-
loophorus  zonistius, Goodea gracilis and Balsadichthys
xantusi.

During the examination of the embryos some very notice-
able variations in the charaeter of the ovary also came to
light. When alienments of the various species were made on
the basis of these ovarian peculiarities and of those existing
in the rectal processes of the embryos, it became apparent at
once that a natural classification of the members of the family
constructed on these characters did not agree with the elassi-
fication that had been made previously, using peculiarities of
teeth, fin position, length of intestine, ete. After an examina-
tion of the material Hubbs agreed with the writer that a
complete reclassification of the family was necessary. Suoch a
revision has been made and the generie and specifiec names
used in thix paper are the ones appearing in the revision
(Hubbs and Turner, "37).

The reader is referred to the writer's first paper ('33) for
an account of the peculiar reproduction of the Goodeidae, the
nature of the embryonie rectal processes in some species, the
relation of the embryvos to the ovary in which they are re-
tained, the gross and histological structure of the processes
themselves, and finally for some speculations as to the evolu-
tionary relations of this family to some other families of the
order. The species for which the trophotaeniae were first
deseribed (Turner, "33) were as follows: Lermichthys multi-
radiatus, Balsadichthys whiteil, Girardinichthys innominatus,
Zoogoneticus cuitzeoensis= and Goodea bilineata. In the re-
vision by Hubbs and Turner the first four names remain un-
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changed but ‘Neotoea' bilineata replaces ‘Goodea’ bilineata
of the writer’s paper ('33).

It is the purpose of this paper to describe the eneral
features of the trophotacniae in each genus and species of
the Goodeidae in whieh they were found, to give an account
of the histology of the processes in all cases in which the state
of preservation permits and to draw a few conelusions con-
cerning the phylogeny of the various genera on the basis
of similarity and dissimilarity in the processes.

ASSUMED ORIGIN OF THE PROCESSES

It is likely that the immediate ancestor from which all the
Goodeidae were derived was a form in which viviparity had
already been established. It is probable also that embryos
of this form secured nutrition and oxygen from the fluid of
the intra-ovarian cavity by absorbing them through the skin.
There is a probability that this abhsorptive funetion was
especially emphasized in the regiou about the proctodaeum
and that there may have been some reetal imbibition. A slight
enlargement and extension of the proetodaeal lip would give
rise to an incipient absorptive membrane encireling the pos-
terior orifice of the gut. The interior of the membrane would
be composed mostly of reticular connective tissue which has
already been shown to be continuous with the sub-mucosa of
the gut and the sub-epithelial connective tissue of the skin.
An increase in the surface of the absorptive membrane would
focus the absorptive function here. Such an inerease in
surface has apparently been accomplished in several wavs:
1) The development of numerous short blunt lobes; 2) the
elongation of the posterior part of the membrane with the
lateral margin divided into finger-shaped or ribbhon-shaped
processes; 3) the development of very long ribbon-like
processes without any noticeable extension of the membrane.
With the exception of the ‘rosette’ type of process all elonga-
tions have arisen from the lateral and posterior margins of
the membrane.
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MORPHOLOGY

The trophotaeniae show a high degree of specificity as re-
eards arrangement about the posterior end of the gut, number
of branches, sub-division of branches and length of processes
in each species. A degree of variability exists within each
species but it is within such narrow limits that the specifie
features of cach species may be recognized easily.

Another feature which constitutex a tfundamental ditference
in the types of processes is a wide tissue space, This space
separates the external epithelium from the connective tissue
mass of the interior and in extreme instances the external
epithelinm has the appearance of a sheath. It oceurs in the
“rosette’ type of process and in the group that will be referred
to as ‘sheathed.”

In the deseription of the processes the different types will
bhe divided into three groups: 1) rosette type: 2) the
‘sheathed ™ type or those having a wide internal primary tissue
space: ) the unsheathed type in which there are no primary

tissue spaces,

1. The rosette type

a. Gross morphology. A typical rosette type is found in
Goodea luitpoldi and in Goodea atripinnis, a sliehtly modified
tvpe in Neoophorus diazi and Allotoca dugésii and a more
highly moditied type in Xenoophorus captivus and Xenoopho-
rus erro.

In Goodea luitpoldi and Goodea atripinnis (figs, T and 2) the
system of trophotaeniae is in reality a mueh thickened,
Hattened, lobulated and somewhat folded membrane which is
deeply incised at the margins forming a series of blunt
processes nuited at their bases and attached to the posterior
end of the eut. There are eight or ten such processes in each
svstem. The individual processes are slightly eleft at the ends
forming a series of minor branches. All branches are swollen
at the ends and constrieted at intervals forming bulbous swell-
ings between the intervals, Most of the processes arise tfrom
the anterior and lateral margins of the terminal portion of the
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cut and the processes in this region are not very constant
except inapproximate number and length. A pair of
processes arising from the postero-lateral position is mueh
more constant in its position and shape and is usunaly longest.
The greatest length of any process in an embryo of maximal
size before hirth (16 mm. in Goodea luitpoldi and 13 mm. in
Goodea atripinnis) is about 13 mm. Although these processes
are short, their large number and breadth produce an exten-
sive surface.

The processes in these two species differ trom all others
somewhat in their relation to the folds of the ovary., They
are so tightly pressed against the ovigerous folds of the ovary
that they appear to be partially embedded forming a shallow
‘plug and socket® relation.

Gravid females of Goodea gracilis have not been available
and consequently no deseription of the trophotaeniae can he
ziven,

The trophotacniae of Neoophorus diazi (fig. 3) differ from
the two first deseribed in being more compact and somewhat
more recular in form. In a >mm. embryvo the processes
are in the form of short irregular evlinders slightly swollen
at the ends, A posterior pair is somewhat longer than the
others. At this stage the longest processes are about 1) mm.
i length.  In an embryo 13 mm. long, the total surface of
the processes has considerably inereased but the processes
have not elongated. There has been a ceneral inerease in
the diameter of all processes: all have become more bulbous
and some have terminal bitureations and lateral bulbs,

Allotoea dugesii.  Only one stage of this species was avail-
able, one in which the embryvos were 3 mm. in length, The
processes as seen in thirty-three specimens were constant in
form and arrangement although they were very small (fig. 5).
Two pairs of blunt rounded processes were present, one an-
terior and one posterior to the gut opening.  The individual
processes were rounded at the ends and constricted at inter-
vals to produce bulbous swellings.  The system resembles that
of the carlier stages of Neoophorus diazi. No short lateral
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processes were present as in Neoophorus diazi but there is a
possibility that these might have developed later. In the 3
mm. embryo each pair of processes was about § mm. in length.

In Xenoophorus captivis (tig. 7) the lateral and pos-
terior margins of the reetal lip give rise to the processes. In
a o mm. embryo the processes are rather slender and longer
than in the three species already deseribed, and there is little
resemblance to the typical rosette. Bulbous swellings are
slightly developed. The arrangement of the processes is not
symmetrical.  On the right side there are usually three
processes more or less joined at their bases; on the left
two short ones joined anteriorly and a wide flat one which
sometimes gives rise to one or two branches. This latter is
the longest,

As the embryo grows the relations just deseribed are main-
tained and the only change is an elongation of all the
processes.  In a 9-mm. embryo the longest processes reach
a length of 5.5 mm.

In Xenoophorus erro the system of trophotaeniae resembles
that of Xenoophorus captivus, in being variable and in lack
of symmetry. The 9-mm. specimen illustrated in figure 4
shows the arrangement most commonly found. In this speeci-
men four processes, each about 1 mm. in length, emerge from
the membrane at the anterior and lateral margins. Two
longer ones of unequal length emerge in a posterior lateral
region, the longer one always appearing on the left side. The
longer of these last two has a single short branch. Varia-
tions, especially in slightly older and larger specimens, are so
common that the entire systems of processes are not identical
in any two specimens. Five, instead of four, short processes
sometimes occur at the lateral and anterior margins and they
are frequently longer than those shown in the figure and of
unequal length. The two postero-lateral processes are quite
variable as to length and number of short branches. One or
two short branches may be found on the left and from one
to three on the right process.
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There is rather little resemblance of the Xenoophorus type
of process to the rosette type of process at any stage, but the
classification of the Xenoophorus type is made with con-
siderable assurance for two reasons: 1) Histologically the
processes are like the rosette type: 2) the structure of the
ovary hears a strong resemblance to that of Goodea atripin-
nis, Neoophorus diazi and Allotoca dugésii. But for these
features the processes might be classified with the sheathed
type which they superfieially resemble.

b. Histology. 1In locating different portions and surfaces
of the trophotaeniace the term proximal will be used for the
point of attachment at the lip of the hind gut and distal for
the apical or free end. The dorsal surface will be the surface
nearest the embryo while the ventral surface will be that part
that is pressed against a fold of the ovary.

There is little difference in the microscopical anatomy in
the trophotaeniae of the four species just deseribed. See-
tions of the processes (figs. 19, 20 and 21) will illustrate the
salient points. The internal stroma of the trophotaeniae is
composed of a lower dense and an upper diffuse layer of
connective tissue. The larger blood vessels are carried in
the dense layer and these large blood vessels give rise to
a rich capillary network located at the surface of the dif-
fuse layer. There are spaces between the cells and fibers
to which the term secondary tissue space is applied. The
basal layer of the stroma tends to become much thicker and
denser at the proximal end of the processes (fig. 21) where it
merges with the submucosa of the gut. The diffuse connec-
tive tissue of the upper laver does not resemble any tissue
in the gut. A wide primary tissue space exists between the
external epithelium and the stroma. This space does not re-
semble any similar space in either skin or gut and so is
probably a specialized feature associated with absorption. It
disappears altogether at the proximal ends of the processes
but becomes very extensive at the distal ends. The external
epithelium can be divided into two sharply contrasting parts.
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Wherever the primary tissue space separates the epithelium
from the stroma the cells of the epithelium are cuboidal or
columuar and are arranged o as to form a definite palisade,
Near the distal end of the processes this epithelium usually
contains a single layer of cells (fig. 20), otherwise it contains
from two to four layers (fig. 19). Some of the cells contain
fine granules and are evidently glandular. That part of the
external epithelium in contact with the stroma contains a
single layver of simple flat cells,

The trophotacniae of Goodea luitpoldi and of Goodea
atripinnis are almost identical histologically.  In Neoophorus
diazi the processes contain much less primary tissne space
and the stroma, especially the lower compaet layer, i in some
instances practically non-existent, being confined to areas be-
neath bulbous clevations of the free epithelium. In the
trophotacniae of Xenoophorus captivas the primary tissue
space is still more reduced. The free epithelium is separated
from the stroma to such a sliecht extent in some of the
processes that the space is reduced to a clett. The histo-
logical structure of the processes of Xenoophorus erro is
almost identical with that of Xenoophorus captivus.

Sinee the palisade-like portion of the external epithelium
is in contact with the ovarian fold during gestation it may be
assumed that absorption is accomplished through this mem-
brane. Some of the cells being glandular ave in a position
to change the chemieal eharacter of the substance absorbed
from the epithelium of the ovarian fold and discharged into
the primary tissue space. From the primary tissue space
substances in solution would be absorbed either directly by
the capillaries lving at the surface of the stroma or tempo-
arily by the secondary tissue spaces of the spongy upper
laver of the stroma. The trophotaenial veins enter the
cirenlation of the embryo through two vessels. One extends
dorsally from the process and joins the candal vein.  Another
Jjoins a plexus located in the walls of the gut.
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2. The sheathed type

The trophotaeniac of the following genera will be deseribed
under this division: Skiffia, Ollentodon, Neotoea, Girardinich-
thys, Lermichthys and Balsadichthys.  The processes of
Ilvodon probably belong in this division also, but no critical
histological examination could be made because of the poor
state of preservation of the material available for sectioning.
The trophotaeniae of Skiffia lermae, Skiffia variegata and
Ollentodon multipunetatus arve referred to this group with
some reservation for the same reason. An abundant supply
of living laboratory-bred specimens of Neotoca bilineata has
been available, however, and there is little doubt that the
other three species will show the same basie features.

In this group the processes are long and ribbon-shaped.
They are attached to the rectal membrane at the lateral and
posterior margins only. The trophotaeniae are not pressed
acainst the ovarian folds as in the rosette type of process
but lie within the intra-ovarian cavity completely surrounded
by the fluid of the cavity. The presence of a wide primary
tissue space separates this group from the ‘unsheathed’ type.

a. Gross anatomy. The trophotacniae in the genera Skiffia,
Ollentodon and Neotoea have been reduced to three. They
oceur always in the form of a single median posterior process
attached to the rectal membrane on its posterior side, and a
pair attached laterally. In Skiffia variegata (fig. 10) the pos-
terior median process is shorter than the laterals, in
Ollentodon multipunctatus (fie. 9) the three are practically
cqual in length while in Neotoca bilineata (fig. 8) the median
process is always longer. In Skiffia lermae (fig. 11) the
median process is shorter than its laterals and in about two-
thirds of the eases observed the posterior end in bifureated.
An ineipient bifureation is sometimes noted in the median
process of Neotoca bilineata and rarely a specimen is found
in which all three processes may be fused into a single mass
with only the terminal parts free. Single variations of this
type are found within a brood which otherwise contains only
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normal specimens. The typical arrangement of the processes
is apparently already established in an embryo of 3 mm.
length.

Girardinichthys innominatus and Lermichthys multiradi-
atus. These two species are much alike in the arrangement of
their trophotacniae (figs. 12, 13), iach has but four
processes, one short pair attached to the rectal membrane
Iaterally and a little anteriorly, and a longer pair attached
posteriorly and laterally. This arrangement can be made out
by the time the embryos are 3 mm. long, the longest process
being not longer than 2 mm. at this time. Tn Girardinichthys
innominatus (fig. 12) the posterior processes become flattened
and ribbon-shaped and reach a length in a 13-mm. embryo of
about 7 mm. The members of the anterior pair are slightly
more than 1 mm. in length. In Lermichthys multiradiatus
(fiz. 13) the processes are rounded, blunt and finger-shaped
with a tendeney toward local swellings and short minor
branches. Tn a 9-mm. embryo the members of the posterior
pair are a little more than 2 mm. in length while the anterior
pair reaches about half that length.

Because of the resemblance of the arrangement of the
processes the two are assumed to be clearly related genetically
and this view is further fortified by their histologieal re-
semblance and by peculiarities in ovarian structure.

Balsadichthys. This genus has a more elaborate system of
trophotaeniae than any other genus in this subdivision. In
Balsadichthvs whitei there is considerable variation in the
details of the branches of processes but in general the ar-
rangement is a bilateral one (fig. 6). All processes have the
shape of elongated and slightly flattened eylinders with the
ends rounded and a little dilated.  An anterior pair arises
from the lateral portion of the anterior wall of the rectal
membrane. Each member of the pair is about 3 mm. long
and has from one to three branches. A second pair is attached
to the membrane lateral to and behind the membrane. Each
member is from 8 to 11 mm. long and may have as many as
four lateral and terminal branches between 1 and 2 mm. in
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length. IFinally, a shorter process about 7 mm. in length
emerges from the membrane in a median posterior position.
This branch may contain one or two sub-branches. There
are a great many minor variations in the branches even within
the members of the same brood but the basiec arrangement of
two lateral pairs and a single median posterior process does
not vary. Whatever the minor variations may be, the
terminal endings number from twelve to fourteen.

Balsadichthys xantusi. No gravid females were available
and hence no statement can he made concerning the tropho-
taeniae.

Ilvodon furcidens. This species has heen known formerly
as Characodon furcidens. The holotype colleeted by Kigen-
mann, was reported to have come from Paraguay and bore
the name Ilvodon paraguayvensis Figenmann. A recent ex-
amination of a gravid female of the holotype at the National
Museum brought to light the fact that the embryos had the
tvpical goodeid nutritive processes. A further study by
Hubbs demonstrated that Ilvodon paraguayensis was identi-
cal with the Mexican Characodon furcidens. Assistant
Curator of Fishes, George 8. Meyers, makes the following
statement concerning the embryvo studied. ““The embryo
examined is one taken from the holotype of Ilyodon paraguay-
ensis Bigenmann (U, S. National Museum (‘atalogue Number
55642), which is now considered to have been erroneously re-
ported from Paraguay and to be a synonym of the Mexican
Hyodon furcidens.”

The embryo available has been in preserving fluid for a
long time and the arrangement and character of the processes
can be determined only approximately. There are two long
slender processes about equal in length. These probably con-
stitute 'one pair. In addition there are at least six-processes
less than half the length of the long pair. In an embryo
S8 mm. long the longest pair of processes measures 6 mm.
On the basis of the processes alone it would be impossible to
classify the type as ‘sheathed’ because of the poor state of
preservation. There are, however, peculiarities of the ovary
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which always acconmpany the *sheathed” type of process and
these features were clearly scen. The processes of Ilyodon
are therefore classified with those of other genera having the
sheathed type, but an aceurate deseription of the processes
must be postponed until better material is available.

The trophotaeniae of Characodon lateralis (fig. 14) are
represented by a single pair of tattened ribbons which
emerge from the side of the reetal membrane. The two
members, 5.0 mm. long, are approximately equal in length,

b, Histology. Balsadichthys whitei.  The histology of the
trophotaeniae in this species is typical tor the group (fig. 22).
The stroma is relatively sparse, is composed principally of
loose connective tissue comparable to the spongy stroma
in the rosette type of process and ix uniform throughout
the process. There are numerous small secondary tissue
spaces,  Larger blood vessels course through the stroma and
give off numerous branches which reach the surtace of the
stroma where they break up into capillaries. The external
epithelium is attached to the stroma along a narrow band that
extends trom the base to the apex of the process hut is other-
wise free from the stroma.  Along the narrow band where
stroma and epithelium are in contact the epithelium is com-
posed of flat cells. Where free from the stroma the epithelium
i= composed of a single laver of euboidal or columnar cells.
Between the free epithelium and the stroma is a wide primary
tixsue space.  These trophotaeniae resemble those of Girardi-
nichthys more than any other,

The sheathed type of trophotaenia is retained at its
maximal stage of development almost up to the time tfor birth
of the embryo and resorption then begins.  Immediately
after birth the resorptive process is aceelerated and within a
few hours after birth the processes have entively disappeared,
As the resorption begins the free external epithelinm shrinks
down upon the stroma and the primary tissue space is obliter-
ated. The secondary tissue spaces within the stroma also
shrink and the entire stroma becomes condensed (fig. 23).
In the final stages the external membrane disappears and the
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stroma loses its struceture, hecoming redueced to a condition in
which only a few of the larger blood vessels remain sur-
rounded by remnants of conneetive tissue and undifferentiated
cells.

The histology of Neotoca bilineata, Lermichthys multi-
radiatus and Girardiniehthys innominatus has been deseribed
and ecompared in the writer's previous paper. The prineipal
features resemble those of Balsadichthys whitei.

In the cases of Ollentodon multipunetatus, Skitfia variegata
and Skiffia lermae it is assumed that the processes do not
differ greatly from the condition deseribed in the writer’s
previous paper for Neotoea bilineata.  No adequate histo-
logical examination of the trophotacniae was possible, how-
ever, becanse of the poor state of preservation.

3. Unsheathed type

This type of trophotacnia differs from the sheathed type
in several important histological features: 1) The stroma is
spongyv and contains many secondary tissue spaces.  The
epithelium is in direet contact with the stroma at all points.
2) The epithelinm is very irregular. The cells are of ir-
regular <hape and varyving heights and the nuelei are located
at different levels.

As in the ease of the sheathed type of trophotaeniae, the
processes are not pressed against any part of the wall of the
intra-ovarian cavity, but are treely suspended in the intra-
ovarian cavity.

a. Gross anatomy. The hilateral svmmetry exhibited by
most eenera having the sheathed type of trophotaeniae, es-
pecially Neotoea, Girardinichthys and Lermichthys, is lacking
here.  The processes are arranged in the torm of flat ex-
tensions of the rectal membrane prineipally from the lateral
and posterior margins.

Alloophorus robustus.  There is considerable variation in
arrangement of the processes of this species (fig. 16). The
single posterior process is sometimes divided onee or twice,
the branches being unequal in length.  The divided lateral
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branches may be more deeply divided than is the ease in the
specimen represented in the figure, or even subdivided at the
ends. Rarely in large specimens an additional pair of
processes appears attached to the anterior wall of the rectal
lip.

All processes are flat, pointed and ribbon-shaped. The
long posterior process in a 145-mm. embryo is 13 mm. in
length.

Xenotoea variata. The trophotaeniae in this species (fig.
18) greatly resemble those of Alloophorus robustus in their
arrangement, variability and shape. In extreme cases the
trophotaeniae of the two species are searcely distinguishable.
The posterior process is more often divided than in Alloopho-
rus robustus and the two lateral branches are usually divided
to about the same extent. Variations oceur in the form of
extensions of the branching of the processes even within
members of the same brood.

Chapalichthys encaustus.  All the tissues of this delicate
lake fish are inelined to be thin and transparent as compared
to those of the two preceeding species and this condition is
reflected in the structure of the trophotaeniae (fig. 17). The
arrangement of the processes is much like that in Alloophorus
robustus and Xenotoca variata. However, the processes of
Chapalichithys are longer, thinner, more narrow and much
more delicate in texture.

The processes arising from the posterior margin of the
rectal membrane are alwavs two in number and of unequal
length. The shorter one is usually branched. The two
processes arising from either lateral margin of the rectal
membrane are of about equal length and in nearly every case
one or the other is branched. The longest process in an
11-mm. embryo is 10.5 mm. in length.

Zoogoneticus  quitzeoensis. The unsheathed type of
trophotaeniae reaches its most elaborate development in this
species (fig. 15). Laboratory-bred specimens were available
and it was possible to secure embryos with processes in dif-
ferent stages of development. In a 3-mm. embryo in which
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the yvolk sac is still quite large the system of processes is
already about 2 mm. long. The flattened membrane at the
posterior end of the gut extends rapidly at the posterior
margin and finger-like extremities become budded off as it
grows.  Four such laterally placed processes arise from the
membrane and by the time the embryo is 8 mm. long the
membrane terminates posteriorly in a single finger-shaped
process. At the same time the four budding processes have
greatly elongated also.  In addition to the extension just
deseribed a series of three shorter pairs also arise from the
lateral margin of the rectal membrane. As the embryo ap-
proaches its maximal size before birth these six anterior
laterally placed proeesses erow rapidly.

In a typical specimen there are eleven termini arranged as
illustrated in figure 15. Variation in the number of the five
posterior extensions is seldom found although there is fre-
quently some variation in their relative lengths. Variation
in the anterior six is common and takes the form of reduction
in number, partial fusion of two or more at their bases and
more rarely a fusion of one or both of the posterior pair with
the processes lying just behind them.

b. Histology. 'The peculiarities of the tissues and their
relative arrangement in the trophotaeniae of Zoogoneticus
quitzeoensis have been deseribed in the writer’s previous
paper and the deseription will not be repeated here. The
histological structure of the trophotaeniac in embryos of
Alloophorus robustus and Xenotoea variata seems to he almost
identieal with that of Zoogoneticus uitzeoensis. In Chapa-
lichthys encaustus the same general arrangement of tissues
is found (fig. 24). The stroma consists of very delicate con-
nective tissue with fibers relatively fewer in number and much
thinner than in the three other species. The secondary tissue
spaces are relatively larger and more abundant. Larger blood
vessels run through the interior of the stroma and ramify to
produce capillary branches which lie just below the basement
membrane of the external epithelium. The external epithelium
of the trophotaeniae in this species resembles that already
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branches may be more deeply divided than is the case in the
specimen represented in the figure, or even subdivided at the
ends. Rarely in large specimens an additional pair of
processes appears attached to the anterior wall of the rectal
lip.

All processes are flat, pointed and ribbon-shaped. The
long posterior process in a 145-mm. embryo is 13 mm. in
length.

Xenotoea variata. The trophotaeniae in this species (fig.
18) greatly resemble those of Alloophorus robustus in their
arrangement, variability and shape. In extreme cases the
trophotaeniae of the two species are scarcely distinguishable.
The posterior process is more often divided than in Alloopho-
rus robustus and the two lateral branches are usunally divided
to about the same extent. Variations occur in the form of
extensions of the branching of the processes even within
members of the same brood.

(‘hapalichthys encaustus.  All the tissues of this delicate
lake fish are inelined to be thin and transparent as compared
to those of the two preceeding species and this condition is
reflected in the structure of the trophotaeniae (fig. 17). The
arrangement of the processes is much like that in Alloophorus
robustus and Nenotoca variata. However, the processes of
(‘hapalickthys are longer, thinner, more narrow and much
more delicate in texture.

The processes arising from the posterior margin of the
rectal membrane are always two in number and of unequal
length. The shorter one is usually branched. The two
processes arising from either lateral margin of the rectal
membrane are of about cqual length and in nearly every case
one or the other is hranched. The longest process in an
11-mm. embryo is 10.5 mm. in length.

Zoogoneticus  quitzeoensix. The unsheathed type of
trophotaeniae reaches its most elaborate development in this
species (fig. 13). Laboratory-bred specimens were available
and it was possible to secure embryos with processes in dif-
ferent stages of development. In a 3-mm. embryo in which
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the volk sac is still quite large the system of processes is
already about 2 mm. long. The flattened membrane at the
posterior end of the gut extends rapidly at the posterior
margin and finger-like extremities become budded off as it
grows.  Four such laterally placed processes arvise from the
membrane and by the time the embryo is 8 mm. long the
membrane terminates posteriorly in a single finger-shaped
process. At the same time the four budding processes have
greatly elongated also.  In addition to the extension just
deseribed a series of three shorter pairs also arise from the
lateral margin of the reetal membrane. As the embryo ap-
proaches its maximal size before birth these six anterior
laterally placed processes grow rapidly.

In a typical specimen there are eleven termini arranged as
illustrated in figure 15. Variation in the number of the five
posterior extensions is seldom found although there is fre-
quently some variation in their relative lengths. Variation
in the anterior six is common and takes the form of reduction
in number, partial fusion of two or more at their bases and
more rarely a fusion of one or hoth of the posterior pair with
the processes lying just behind them.

b. Histology. The peculiarities of the tissues and their
relative arrangement in the trophotacniae of Zoogoneticus
quitzeoensis have been deseribed in the writer’s previous
paper and the deseription will not be repeated here. The
histological structure of the trophotaeniae in embryvos of
Alloophorus robustus and Xenotoca variata seems to be almost
identical with that of Zoogoneticus quitzeoensis. In Chapa-
lichthys encaustus the same general arrangement of tissues
is found (fig. 24). The stroma consists of very delicate con-
nective tissue with fibers relatively fewer in number and much
thinner than in the three other species. The secondary tissue
spaces are relatively larger and more abundant. Larger blood
vessels run through the interior of the stroma and ramify to
produee capillary branches which lie just below the basement
membrane of the external epithelium. The external epithelium
of the trophotaeniae in this species resembles that already
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deseribed for Zoogoneticus quitzeoensis but it is somewhat
more regular in Chapalichthys.

The case of Ataeniobius toweri

In this species trophotaeniae secem to be lacking. Gravid
females obtained from the Field Museum collection were ex-
amined and embryos 3 mm. long had no processes. 1In
embryos of this length in other species the processes are
already developing and are quite conspicuous. Unborn em-
bryvos 13 mm. long also had no processes. Hubbs examined
specimens from the National Museum collection and likewise
was unable to find any processes.  On the basis of these
findings it is assumed that processes do not exist in this
species and that it is able to secure its nutritive substances
and oxveen from the ovarian fluid without their assistance.

The absence of the trophotaeniae may be accounted for
cither by assuming that the species has never developed the
processes or that they have been developed and have become
atrophied sccondarily.  Since no trace of processes has been
seen in the embryos at any stage, the writer inelines to the
opinion that they have never heen developed and that Ataenio-
hius toweri is therefore genetically separated trom the other

Goodeldace,

Phoyluaeny of Goodeidae based wpon tHhe character of the
trophotacniar

It is taken for granted that the evolution of the tropho-
tacniae in the Goodeidae has not heen dependent upon any
factor in the external environment.  The immediate environ-
ment of the embryos of all genera and speeies is the interior
of the maternal ovary and while there are some differences
in ovarian structure among the various species, these strue-
tural peeuliavities cannot account tor the origin of the dif-
ferent types of trophotaeniae.

If the origin of the trophotaeniae in the first place and the
development of many specific types, each characteristie of a
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species, in the second place, are not to he attributed to en-
vironment it follows that no particular type of trophotaenia
has any peculiar survival value for the species possessing
it. Any attempt to account for the basie likenesses and dif-
ferences in the trophotaeniae would then turn to a genetie
interpretation.  The variations would be regarded as fortui-
tous ones which had become genetically fixed and basic re-
semblances would indicate close phylogenetice relationship. A
classification based on the peculiarities of the processes
should, therefore, express actual phylogenetie relationships.
Such a classification would recognize, first, the absence of
trophotacniae in Ataeniobius and the division of the other
members of the family into three prineipal groups as already
indicated.

1. The rosette type. The relations of this group to the
sheathed and unsheathed type ean be arrived at only approxi-
mately. If only the peculiaritics of the processes were con-
sidered it would not be diffienlt to assume that the rosette is
the primitive type and that the other two were derived from
it. However, there are basie peculiarities in the ovary indi-
cating that those species having the rosette type of processes
are much more nearly related to those species having the un-
sheathed type of process than they are to those bearing the
sheathed type. The sheathed tyvpe might casily have arisen
from the rosette type by the reduction of some of the
processes and the elongation of the others. The most funda-
mental histological features of the sheathed type of tropho-
taeniae are already incorporated in the rosette type.

Within the group of species having the rosette type Goodea
atripinnis scems to represent the most unspecialized form
with Goodea Initpoldi bearing a close resemblance to it. The
processes in Neoophorus diazi represent a somewhat more
specialized form with a tendeney toward reduction of the
anterior and lateral processes and an elongation of the pos-
ferior pair. In Allotoea dugesii there has also been an evolu-
tion in the direction of a reduction in number and an elonga-
tion of the remaining processes. The elimax has been reached
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deseribed for Zoogoneticus quitzeoensis but it is somewhat
more regular in Chapalichthys,

The case of Ataeniobius toweri

In this species trophotaeniae scem to be lacking. Gravid
females obtained from the Field Museum colleetion were ex-
amined and embryvos 3 mm. long had no processes. 1In
embryvos of this length in other species the processes are
already developing and are quite conspicuous. Unborn em-
bryvos 13 mm. long also had no processes. Hubbs examined
specimens from the National Muscum collection and likewise
was unable to find any processes. On the basis of these
findings it is assumed that processes do not exist in this
species and that it is able to secure its nutritive substances
and oxveen from the ovarian fluid without their assistance.

The absence of the trophotaeniae may be accounted for
either by assuming that the speecies has never developed the
processes or that they have been developed and have become
atrophied secondarily.  Since no trace of processes has been
seen in the embryos at any stage, the writer inclines to the
opinion that they have never been developed and that Ataenio-
bius toweri ix therefore genetically separated from the other

Goodeidac,

Phyloaeny of Gowdeidae based upon Hee character of the
trophotarciiae

It ix taken for granted that the evolution of the tropho-
taeniae in the Goodeidae has not bheen dependent upon any
factor in the external environment.  The immediate environ-
ment of the embryos of all genera and species is the interior
of the maternal ovary and while there are some differences
in ovarian structure among the various species, these strue-
tural peeculiarities cannot account tfor the origin of the dif-
ferent types of trophotaeniae.

If the origin of the trophotaeniae in the first place and the
development of many specifie types, each characteristic of a
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species, in the second place, are not to he attributed to en-
vironment it follows that no particular type of trophotaenia
has any peculiar survival value for the species possessing
it. Any attempt to account for the basie likenesses and dif-
ferences in the trophotaeniae would then turn to a genetie
interpretation.  The variations would be regarded as fortui-
tous ones whieh had become genetically fixed and basie re-
semblances would indicate elose phylogenetie relationship, A
classification based on the peculiaritics of the processes
should, therefore, express actual phylogenetie relationships.
Such a classification would recognize, first, the absence of
trophotacniae in Ataeniobius and the division of the other
members of the family into three prineipal groups as already
indicated.

1. The rosctte type. The relations of this group to the
sheathed and unsheathed type ean be arrived at only approxi-
mately. It only the peculiarities of the processes were con-
sidered it would not he difficult to assume that the rosette is
the primitive type and that the other two were derived from
it. Howoever, there are hasie peculiarities in the ovary indi-
cating that those species having the rosette type of processes
are much more nearly related to those species having the un-
sheathed type of process than they are to those bearing the
sheathed type. The sheathed type micht easily have arisen
from the rosette type by the reduction of some of the
processes and the elongation of the others. The most funda-
mental histological features of the sheathed type of tropho-
taeniae are already incorporated in the rosette tyvpe.

Within the group of species having the rosette type Goodea
atripinnis scems to represent the most unspecialized form
with Goodea Initpoldi hearing a elose resemblance to it. The
processes in Neoophorus diazi represent a somewhat more
specialized form with a tendeney toward reduction of the
anterior and lateral processes and an elongation of the pos-
tevior pair. In Allotoca dugésii there has also been an evolu-
tion in the direction of a reduetion in number and an clonga-
tion of the remaining processes. The elimax has been reached
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for the present at least in Xenoophorus captivus and Xeno-
ophorus erro in which the trophotaeniac are much elongated.

2. The sheathed type. Within this group three diverging
lines have been established: 1) Balsadichthys and Ilyodon
have departed least from a primitive condition in which there
were numerons and somewhat irregular trophotaeniae.
2) The genera Skiffia, Ollentodon and Neotoea have moved
in the direction of the elimination of some of the processes
and retention of three, two laterals and a median posterior
one. The relative lengths of these three processes have be-
come fixed as a speeifie feature in each species. 3) Lermich-
thys and Girardinichthys have also become speeialized in the
direction of a reduetion in the number of processes but hoth
have rotained a short anterior and a longer porterior pair.
Characodon lateralis possesses only a single posterior pair
of trophotacniae but the geographical ranges of Characodon
and Girardiniehthys are far apart and the resemblance in the
processes of their embryos may represent a case of paral-
lolism rather than close phylogenetie relationship.

2. The unsheathed type. In the ovaries of species having
the unsheathed type of nutritive processes the ovigerous
tissue is embedded in the dorsal and ventral walls and in the
thick and much folded median septum in lens-shaped masses.
These same featurves are found in species having the rosette
tvpe of process.  In the species having the sheathed type of
processes on the other hand, the ovaries of all are alike in
having a thin unfolded median septum. Ovigerous tissue is
not found in either the ovarian walls or in the median septum
but is confined to a pair of thick derso-lateral folds suspended
in the intra-ovarian cavities on thin membranes. Because of
the resemblances in ovarian struetures in the two it is assumed
that the group having the rosette type of process is closely
related to the group having the unsheathed type of tropho-
taenia.

Of the two types the rosette type scems to be more primi-
tive and it is quite possible that the unsheathed type of
process was derived from the rosette type by an elongation of
the solid portion near the base.
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Within the group, the resemblance in the processes of Al-
loophorus robustus, Xenotoea variata and Chapalichthys en-
caustus is apparent and they are assumed to be closely related.
The peeculiarities of the processes of Zoogoneticus quitzeo-
ensis separate this species into a subdivision removed from the
other three. If the larger number of processes is considered
as evidence for the retention of a primitive condition, Z00go-
neticus quitzeoensis should be regarded as more primitive
than the other three,

Species having no processes. The lack of any tropho-
taeniae in Ataeniobius toweri is considered adequate grounds
for genetically separating this species from all others. There
is no doubt whatever that the species belongs in this family
as the modification of the anal fin characteristic of the males
of all species in the family is very prominent in this species.
It it be assumed that trophotaeniae have been developed and
secondarily lost, its position in the phylogenetie scheme of the
family cannot be fixed. If, on the other hand, it is assumed
that trophotaeniae have never been developed in this species
it would be fair to assume that this species represents a relie,
resembling in its reproductive process the ancestral form of
all the Goodeidae in the embryos of which trophotaeniae had
not yvet developed.

Stmilar absorptive structures in embryos of Brotulid fish

In 1933 A. E. Parr published an account of some deep sea
explorations and figured the embryo of a viviparous Brotulid
fish, Parabrotula dentiens, in which there were processes
similar in position to those described fcr the embryos of the
Goodeidae. The writer secured two of the embryos from
Parr and studied the relations of the processes to the body
of the embryo and also the microscopic structure of the
processes themselves. The processes in the Brotulid embryo
were found to be attached to the body in the region of the
anus and the urogenital pore. They apparently serve
the same purpose as in the Goodeid embryvos, namely absorp-
tion of substances in solution from the fluid of the ovarian
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cavity. They differ from any of the trophotaeniae in the
Goodeids, however, in their mieroscopical anatomy and in
the facet that there is no extension ot the gut endoderm upon
their surfaces. The vascular supply in the Goodeid and the
Brotulid trophotaeniae is similar.

The oceurrence of somewhat similar structures in the
embryos of these two widely separated orders of fishes furnish
an interesting case of parallelism.  Both types of embryos
respond to the similar environment and the necessity of ab-
sorbing substances in solution from the fluid of the ovarian
cavity by developing similar absorbing struetures in the same
part of the body.

SUMMARY

1. The embryos of twenty-one species of the family Goodei-
dae have extensive reetal processes (trophotaeniae) which
serve as absorptive organs, cnabling the embryos to absorb
substances dissolved in the ovarian fluid while theyv are re-
tained in the ovarian cavity. Fmbryos of three other species
have not been available for study.

2. The embryos of Ataeniobius toweri do not have tropho-
taeniae and it is assumed that this species represents an
archaie tvpe in which the trophotacniae had not vet developed.

3. There are three principal types of trophotaeniae desig-
nated as rosette, sheathed and unsheathed.

4. The structure of the trophotaeniae is sufficiently constant
in each species to be used in speeies determination.

2. The Goodeid type of trophotaenia is similar in topo-
graphical relations and vascular supply to that in the
Brotulid fish, Parabrotula dentiens, but differs 1n miero-
scopical anatomy.



TROPHOTAENIAE OF THE GOODEIDAE

o
—
3]

LITERATURE CITED

"Huses, C. L., axp C. L. TukNer 1937  Studies of fishes of the order Cyprino-
dontes.  XVI. A revision of the Goodeidae. Mise. Publ. Mus, Zool.
Univ. Mich,

Parr, A E. 1933 Deep set Berycomorphi and Percomorphi from the waters
around the Bahama and Bermuda Islands.  Bull. Bingham Oceano-
graphic Collections, vol. 3, art. 6,

Terser, €. L. 1933 Viviparity superimposed upon ovi-viviparity in  the
Goodeidae, a family of Cyprinodont teleost fishes of the Mexican
Plateau. J. Morph., vol. 55, pp. 207-251,

——— 1936  The absorptive processes in the embryos of Parabrotula
dentients, a vivparous decp-sen Brotulid fish.  J. Morph., vol. 59,
pp. 313-325,

* The publication of this paper has been delayed.  The paper from which the
characterizations for the various genera and species are taken will be published
in the near future,



PLATE 1

EXPLANATION OF FIGURES

Mugnification is indieated in ecach tigure by 1 mm. drawn to same seale.

1 Trophotaenine
2 Trophotaenine
3 Trophotaeniae
4 Trophotaeniae
5 Trophotaeniae

7 Trophotaeniae

of 16 mm. embryo of Goodea luitpoldi.
of 13-mm. p[nil]"_\'n of Gooden :nl’illilllliﬂ.
of S-mui, embryo of Neoophorus diazi,
of S.mm. embryo of Xenoophorus erro.
of Jomm. embryo of Allotoea dugésii.

6 System of trophotieniae of 11-mm, embryo of Balsadichthys whitei.

of 3mm. embryvo of Xenoophorus captivus in an embryo

of 9 mm.; the processes keep their relative positions but triple their length. The
diameter of each process is also increased.
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PLATE 2
EXPLANATION OF FIGURES

8 Trophotaeniac of 11-mm. Neotoca bilineata embryo just before birth,

9 Trophotaenine of 9.5-mm, embryo of Ollentodon multipunctatus.

10 Trophotaenine of 9-mm. embryo of Skiffia variegata,

11  Trophotaeniae of 4-mm, embryo of Skiffia lermae.

12 Trophotaeniae of 13-mm. embryo of Girardinichthyvs innominatus a few
days before hirth. The anterior pair becomes resorbed to some extent just before
birth,

13 Trophotaeniae of %mm. embryo of Lermichthys multiradiatus.
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PLATE 3
EXPLANATION OF FIGURES
Trophotaenine of %-mm. embryo of Characodon lateralis.
Trophotacniae of S mm, embryo of Zoogoneticus quitzeoensis,
System of trophotaeniae in 13-mm. embryo of Alloophorus robustus.

Trophotaeniae of 11-mm. embryo of Chapalichthys eneaustus.
Trophotacniae of 10.mm. embryo of Xenotoea variata.
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PLATE 4
EXPLANATION OF FIGURES

19 Section through trophotaenin of 16-mm. embryo of Goodea luitpoldi at a
point midway between basal and distal ends,

20 Seetion through distal end of a process of a 13-mm. embryo of Goodea
atripinnis, The terminal portions of the processes of Neoophorus diazi and
Goodea luitpoldi have almost identical structures.

21  Section through base of u process in 13-mm. embryo of Neoophorus diazi.
The spongv layer of stroma is thin and the primary tissue space is shailow.
Structure of the process at a more distal point is like that of Goodea luitpoldi
(fig. 19).

22 Cross seetion of trophotaenia of Balsadichthys whitei.

23 Seetion of process of Balsadichthys whitei during its resorption. The
external epithelium has disappeared, the primary tissue space has been lost
and the stroma has condensed and lost its characteristic structure.

24 Cross section of trophotaenine of Chapalichthys encaustus.

ABEREVIATIONS FOR ALL FIGURES

BL V., blood vessels F. Epith., free epithelium

Cap., capillaries Ls. 8t,, loose stroma

D. 8t., dense stroma Pr. Tis. Sp., primary tissue space
Epith,, epithelium. 8. Tis. 8p., secondary tissue space
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