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The Effects of Holothurin, a Steroid Saponin from the

Sea Cucumber, on the Development of the Sea Urchin

George D. Ruggieri, S. J., & Ross F. Nigrelli

Saint Louis University; Department of Marine Biochemistry and Ecology

of the New York Aquarium, New York Zoological Society

(Plates I-IV)

Introduction

THE PURPOSE of the present study was to

investigate the biological activity of the

substance called Holothurin, a toxic meta-

bolite from the Cuvierian organ of the Baha-

mian sea cucumber, Actinopyga agassizi Sel-

enka, and to determine its mode of action. The
effects of crude Holothurin on the development

of the egg of the sea urchin, Arbacia punctulata

(Lamarck), were compared with those of two
fractions of the metabolite and with saponin.

Findings were interpreted in the light of those

of other chemical and physical agents already

reported in the literature.

Arbacia punctulata is a relatively simple and
accessible biological system that has frequently

been used to elucidate the processes of morpho-
genesis. Characteristic abnormalities have been

produced by means of changes in the physical

environment, micrurgical techniques and diverse

chemical agents. Lithium chloride (Herbst,

1892, 1893, 1896; Runnstrom, 1928; Child,

1940), antimetabolites (Gustafson & Horsta-

dius, 1955), amino acids (Gustafson & Horsta-

dius, 1957), bile salts (Lallier, 1954) and a host

of other substances are known to modify the

normal development of the sea urchin.

The principle which Nigrelli (1952) isolated

and named Holothurin was the first known
steroid saponin of animal origin. Nigrelli et al.

(1955) and Chanley et al. (1955) have reported

that Holothurin is highly soluble in water, non-

volatile and heat stable, exhibits surface-active

properties, and appears to consist of a few ste-

roid aglycones that are bound individually to

four molecules of monosaccharides. Further

purification of Holothurin and the analysis of its

hydrolytic products by Chanley et al. (1959)

supported the above view. Holothurin is thus

placed in the class of cardiac glycosides or ste-

roid saponins—substances previously found only

in plants. Its saponin-like character, neurotoxic

properties (Friess et al., 1959) and hemolytic

properties (Carson & Nigrelli, 1957) are all

similar to those of drugs of plant origin. In addi-

tion, Holothurin contains one molecule of sul-

phuric acid, bound in ester linkage, which sug-

gests a relationship to the steroid alcohols, e.g.,

scymnol and ranol from the bile of the most

primitive vertebrates. The glycosides of Holo-

thurin resemble digitonin and other saponins

in forming a complex with cholesterol. The
monosaccharide components have been identi-

fied as glucose, xylose, glucomethylose (quino-

vose) and 3-0-methylglucose. The molecular

weight of Holothurin was calculated to be 1155

and its composition C50-52 Hsi-ss O25-26 SNa
(Chanley et al., 1959).

Studies carried out by Nigrelli and his assso-

ciates have indicated that Holothurin is highly

toxic to many types of organisms (Nigrelli,

1952; Nigrelli & Zahl, 1952; Nigrelli & Jakow-

ska, 1958; Quaglio et al., 1957). In addition to a

neurotoxic effect, Holothurin has a direct con-

tractural effect on muscle (Friess et al., 1959).

It also exhibits some anti-tumorous activity on

Sarcoma 180 (Nigrelli, 1952; Nigrelli & Zahl,

1952) and on Krebs-2 ascites tumors in Swiss

mice (Sullivan, Ladue & Nigrelli, 1955; Sullivan

& Nigrelli, 1956), and in general shows a wide

variety of pharmacodynamic actions, as is per-

haps to be expected since it appears to be a com-
plex of glycosides.

1
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Materials and Methods

Three different solutions of Holothurin were

tested on the sperm and various developmental

stages of the egg of the sea urchin. Crude Holo-

thurin is merely the sun-dried, powdered Cuvi-

erian organ of the sea cucumber. The choles-

terol-precipitated fraction, which is believed to

be the pure active ingredient, has been desig-

nated as Holothurin A (Chanley et al., 1959).

The cholesterol-soluble fraction is here desig-

nated as Holothurin Fraction B. Purified sap-

onin (Fisher Scientific Company) was used as a

parallel control; this substance was used simi-

larly in studying the hemolytic effect of Holo-

thurin (Carson & Nigrelli, 1957).

Crude Holothurin, its two fractions, and

saponin, are all readily soluble in sea water.

Stock solutions (1/1,000) in sea water were

freshly prepared for each series of experiments.

Subsequent dilutions were made serially from
the stock solution. No changes in pH were de-

tected.

Adult sea urchins were collected at Far
Rockaway Beach, New York, in mid-August.

Males and females were maintained in sepa-

rate 8-gallon aquaria, supplied with run-

ning sea water and fed occasionally with sea

lettuce ( Ulva ). The sexes were determined by
means of an electrical stimulation method,
essentially the same as that reported by Harvey
(1953), and the same method was used to ob-

tain eggs and sperm. Using lead electrodes, an
alternating current of 7 volts was applied to any
two points on the aboral side of the test of the

animal, which had been placed in a stacking

bowl of sea water. The gametes were extruded
from each of the gonopores almost immediately
after the current was turned on; when the cur-

rent was stopped the shedding ceased, to be
resumed when the current was applied again.

Approximately two dozen adults were used in

the experiments.

Ripe eggs were washed in stacking bowls con-
taining 200 cc. of sea water. Sperm was main-
tained undiluted until ready for insemination,

at which time two drops (0.2 cc.) were diluted

with 10 cc. of sea water. All collections of eggs

and sperm were made at the time of an experi-

mental run, so that neither eggs nor sperm re-

mained standing for more than 10-15 minutes

before insemination.

These experiments were performed from mid-
August to December 2, 1958, at 23° C±l° C.

Control experiments on December 2 showed the

same high fertilizability (95-100% ) as did earli-

er experiments, and development proceeded at

the same rate and normally.

All experiments were performed in Syracuse

dishes with the exception of one series in which

stacking bowls were used. Between 25 and 50

eggs were placed in each dish containing 15 cc.

of solution. This number was found to be well

below the safe limit at which to avoid abnorm-
alities from crowding. Evaporation was prevent-

ed by stacking the dishes.

In testing the action of Holothurin and its

fractions on sperm motility, two separate small

drops of diluted sperm were placed on a slide

and observed through the Zeiss Lumipan micro-

scope. An equivalent drop of the Holothurin sol-

ution, twice as strong as the desired final

concentration, was mixed with one of the drops

of diluted sperm, while an equivalent drop of sea

water was mixed with the control drop. Motility

of sperm in Holothurin was compared with that

in sea water. In another series of experiments,

undiluted sperm was exposed to various concen-

trations of Holothurin and its fractions for short

periods of time and then allowed to inseminate

untreated eggs.

Various developmental stages of the sea urchin

egg were used as test animals: (1) unfertilized,

(2) postfertilized (not more than 10-15 min-

utes after the addition of sperm), (3) 2-cell, (4)

4-cell, (5) 8-and 16-cell, (6) late cleavage (64-

cell and beyond), (7) early blastula (at the ap-

pearance of first free-swimming blastulae, even

though the majority were still unhatched, (8)

mid-blastula (approximately two hours after

first appearance of free-swimming blastulae, all

now having hatched). These developmental

stages were subjected to two types of treatment:

( 1 ) they were allowed to remain in test solutions

throughout the remainder of their development;

(2) they were treated for five minutes or less in

test solutions and then returned to sea water.

Controls in sea water were always main-

tained at the same time. Each series of experi-

ments was performed on at least three different

occasions. Since indistinguishable results were
obtained on all occasions, the data have been

consolidated in Tables I-XVII.

Unfertilized eggs were treated for five min-

utes in various test solutions and then returned

to normal sea water where they were fertilized

with untreated sperm. In the experiments where
unfertilized eggs were treated “continuously,”

they were placed in various test solutions and
after 15 minutes were inseminated by the addi-

tion of untreated sperm and left in the solutions

throughout their development. All other stages

were treated with the test solutions for five min-

utes and then returned to normal sea water, or

were allowed to remain in the test solutions

throughout their development.
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Observations were made at predetermined in-

tervals. Final, critical counts were not made
before twelve hours after fertilization, at which

time all controls consisted almost entirely of

actively swimming forms. In order to achieve

an objective measure of toxicity and a clear-cut

distinction between those treated individuals

that had suffered severe inhibition of develop-

ment and those still definitely viable, those that

were not free-swimming or moving freely within

their membrane were considered to be “inhibi-

ted.” The Zeiss Lumipan microscope, with

apocromatic, phase and darkfield systems, and

10X, 20X and 40X objectives was used. All

photographic work, unless otherwise indicated,

was performed with this microscope and a Leitz

camera attachment.

Following the terminology in the literature,

the developmental modifications induced by

Holothurin and its two fractions were character-

ized as:

1. Animalized larvae. (Figs. 2-4; 6-10). This

form is characterized by an enlarged ciliary tuft

and a thickened apical plate. Gastrulation fails

to take place, and therefore the archenteron is

lacking. Extreme cases produce, in 48-72 hours,

uniformly ciliated blastulae of the type A of

Horstadius (1939). Less extreme cases give rise

to types B, C and D of Horstadius.

2. Fragmentation or “fragment balls.” (Fig.

20). A fragment of the developing embryo
breaks away and becomes free-swimming; it

leaves behind a shell of cells and usually a par-

tially dissolved membrane. Occasionally, simi-

lar but larger forms are observed swimming ac-

tively; these are accompanied by loose cells,

lesser in number than those usually left behind

by smaller “fragment balls.”

3. Inhibition of hatching. (Fig. 19). Varying
degrees of inability of the blastula to emerge
from its membrane were noted: individuals that

never hatch; those that are partially free of the

membrane (/. e., only a small portion of the

membrane has been dissolved); those that are

completely free of the membrane, but have left

incompletely dissolved membranes as evidence
of some difficulty in hatching.

4. Radially symmetrical larvae. (Figs. 11-15).

These are elongated along their animal-vegetal

axis. The apical ciliary tuft is enlarged and a

band of short cilia surrounds the anal field. Vary-
ing degrees of archenteron formation are pres-

ent. Spicules, if present, usually form a ring

around the base of the archenteron. Some of

these forms exhibit apical elongation, others pre-

sent a greater hint at bilaterality.

5. Abnormally-formed plutei. (Figs. 16-18).
These are bilateral and somewhat similar to con-

trol plutei. These larvae are usually character-

ized by a defective arrangment of the skeleton,

typically an absence of arms, or short anal arms,

or wide-angled arms. In some abnormal plutei,

an over-development of the oral lobe was found.

Larvae showing no abnormalities were classified

as normal if they exhibited no deviation from
the sea water controls. (Figs. 1, 5).

Observations and Results

With the exception of the experiments deal-

ing with the treatment of sperm, the effects of

the toxic compounds, crude Holothurin, Holo-

thurin A and Holthurin Fraction B. were simi-

lar to and characterized by abnormal develop-

ment not unlike that described in the literature

for developing sea urchins subjected to various

physical and chemical agents. Major differences

within each series of experiments are concerned

chiefly with the sequence, predominance and

absence of one or more abnormalities.

Saponin produced the same results regardless

of the stages treated (see Appendix, Tables I-

XVI). With five-minute exposures to saponin,

development was inhibited at a concentration

of 1/1,000, but normal development ensued at

a concentration of 1/10,000. With continuous

exposures, saponin concentrates of 1/100,000

produced plutei the majority of which were nor-

mal. No animalized or radialized larvae were

ever observed with saponin. An inhibition of

hatching was observed in one experiment on 2-

cell stages continuously exposed to 1/100,000

saponin. Dilutions greater than 1/100,000 sap-

onin produced no noticeable effect upon devel-

opment.

A. Effects of Holothurin and its Fractions

on Sperm

Concentrations (final) of 1/20,000 and

1/200,000 crude Holothurin, Holothurin A and

Holthurin Fraction B caused an immediate im-

mobilization of sperm. Normal motility was ap-

parent at concentrations of 1/2,000,000. High
sperm activity was noted at the end of ten min-

utes, at which time this experiment was termin-

ated.

The following observations were made when
undiluted sperm was exposed for five minutes

to various concentrations of crude Holothurin

and its two fractions, and then allowed to fer-

tilize untreated eggs: (1) no fertilization was
observed after concentrations of 1/10,000 and
1/100,000; (2) exposure to 1/1,000,000 crude
Holothurin and Holothurin A resulted in 50% of

the eggs developing as in the sea water controls;

a higher percentage (95%) of development, also

indistinguishable from the controls, was ob-

served with 1/1,000,000 Holothurin Fraction B;
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(3) further dilutions of these three substances

did not affect normal development.

Since treatment of the sperm was not effective

in producing abnormal developmental patterns,

all other experiments were concerned with

treating the egg in various stages of develop-

ment.

B. Effects of Holothurin and its Fractions

on Pre-fertilized Eggs

1. Five-minute exposure (Table I).

Many of the eggs exposed to a concentration

of 1/200,000 crude Holothurin and its two frac-

tions were observed to develop to the morula

stage, but no further. Those that developed fur-

ther became animalized and were characterized

by hyperciliation of the apical tuft and thicken-

ing of the apical ectoderm. After two or three

days these forms became uniformly ciliated or

presented a ciliated field or band.

A much higher percentage of development

was observed with a concentration of

1/1,000,000. Both crude Holothurin and Holo-

thurin A provoked predominantly animalized

larvae, some radially symmetrical larvae and a

few abnormal plutei. On the other hand, when
unfertilized eggs were exposed for five minutes

to Holothurin Fraction B, only a small number
of radialized and animalized larvae were ob-

served, the majority being abnormal and normal

plutei.

At 1/10,000,000 no animalized larvae were

observed, and radialized larvae were seen only

with Holothurin A. Most of the larvae produced

with this concentration of Holothurin and its

fractions were normal and abnormal plutei.

Higher dilutions of crude Holothurin, Holo-

thurin A and Holothurin Fraction B had no

apparent effect on development.

2. Continuous exposure (Table IX).

From the results of the five-minute exposures,

weaker concentrations with continuous expos-

ures would be expected to elicit similar abnor-

malities.

In dilutions of more than 1/100,000,000,

crude Holothurin and its two fractions had no
effect on development; at this concentration,

however, crude Holothurin and Holothurin A
caused a large number of abnormal plutei, a

lesser number of radialized larvae and a few

animalized larvae. Eggs treated with Holothurin

Fraction B developed normally in the great

majority of cases and only a few abnormal plu-

tei were formed.

The most striking effects were obtained when
the eggs were treated with 1/10,000,000 crude

Holothurin and its two fractions. Development
of 85% to 90% was observed. Animalized

larvae predominated in all three solutions. Some
radialized larvae occurred in Holothurin Frac-

tion B, and to a lesser degree abnormal plutei

with all three solutions.

C. Effects of Holothurin and Its Fractions

on Various Developmental Stages of the

Fertilized Egg

1. Five-minute exposure (Tables II-VI).

The striking differences between the effects

of Holothurin and its fractions on various stages

of fertilized as compared with the unfertilized

eggs is that inhibition of development occurred

at weaker concentrations with the latter.

Concentrations of 1/100,000 crude Holo-

thurin and Holothurin A always resulted in less

than 50% development and produced either

animalized larvae or “fragment balls.” On the

other hand, a higher percentage of development

occurred with Holothurin Fraction B; these lar-

vae were characterized by a predominance of

animal types and a lesser number of abnormal

plutei and “fragment balls.”

Development of 75% to 95% resulted at

1/200,000 crude Holothurin and Holothurin

A. These larvae were mostly animalized, some
were radialized and a few were abnormal plutei.

In contrast, Holothurin Fraction B produced

primarily abnormal plutei with some radialized

and animalized larvae and normal plutei. Some
difficulty in hatching was observed in 2-cell eggs

exposed to crude Holothurin.

A predominance of abnormal plutei prevailed

when these stages were exposed for five minutes

to 1/1,000,000 crude Holothurin and its frac-

tions. A greater number of radialized and an-

imalized larvae were observed in treatment with

crude Holothurin and Holothurin A than with

Holothurin Fraction B, while Holothurin Frac-

tion B showed a greater number of normal

plutei than did the other two substances. In ad-

dition, an inhibition of hatching was observed

with Holothurin A in some of the tests on the

post-fertilization, 2-cell and late cleavage stages.

This phenomenon was also noted when 8- and

16-cell stages were exposed for five minutes to

crude Holothurin, but Holothurin Fraction B
exhibited this effect only with some 2-cell stages.

Development proceeded normally, for the

most part, when these various early stages were

exposed for five minutes to concentrations of

1/10,000,000 crude Holothurin and its frac-

tions. Some abnormal plutei, more with crude

Holothurin and Holothurin A than with Holo-

thurin Fraction B, were also observed.

Greater dilutions of these substances had no
apparent effect on the development of the egg

of the sea urchin.
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2. Continuous exposure (Tables X-X1V).

Development proceeded normally at concen-

trations of 1/1,000,000,000 crude Holothurin

and its two fractions.

This same effect was observed with concen-

trations of 1/100,000,000 Holothurin Fraction

B. The action of crude Holothurin and Holo-

thurin A, on the other hand, was characterized

by the development of a large number of abnor-

mal plutei, some normal plutei, and a smaller

number of radialized and animalized larvae.

At concentrations of 1/10,000,000 crude Hol-

othurin and Holothurin A produced animalized

and radialized larvae and a few abnormal plu-

tei. The frequency of abnormalities was reversed

in the case of Holothurin Fraction B, abnormal

plutei being predominantly produced with lesser

numbers of radialized and animalized larvae

in addition to a few normal plutei. Difficulty in

hatching was observed only with Holothurin A
and this was limited to eggs immediately after

fertilization and in the 2-cell stage.

Little or no development occurred in concen-

trations of 1/1,000,000 crude Holothurin and its

fractions. The eggs that did develop became

either “fragment balls” or animalized larvae.

D. Effects of Holothurin and Its Fractions

on Early and Mid-Blastula Stages

1. Five-minute exposure (Tables VII and VIII).

Some difficulty in hatching was observed

when early blastulae were exposed to concen-

trations of 1/100,000 to 1/1000,000 crude Holo-

thurin and its fractions.

At concentrations of 1/100,000, Holothurin

A was found to be most toxic; 10-35% de-

velopment ensued, and only “fragment balls”

and animalized larvae resulted. Approximately

50% development occurred with crude Holo-

thurin; most of these became animalized and

radialized larvae with a lesser number of “frag-

ment balls” and abnormal plutei. In contrast,

up to 70% development was observed in Holo-

thurin Fraction B. All types of abnormalities

were observed in this solution; the majority con-

sisted of animalized and radialized larvae, with

a lesser percentage of “fragment balls” and ab-

normal and normal plutei.

With the exception of “fragment balls,” the

same abnormalities described above for Holo-
thurin Fraction B were observed when early

blastulae were exposed for five minutes to a

concentration of 1/200,000 crude Holothurin

and its fractions.

A predominance of normal plutei, and lesser

numbers of abnormal plutei and radialized and
animalized larvae, occurred when early blastulae

were exposed to concentrations of 1/1,000,000

crude Holothurin and its fractions. No animal-

ized larvae were produced when mid-blastula

stages were so treated; all the other above-men-

tioned forms, however, were found.

Development proceeded normally when mid-

blastulae were exposed for five minutes to con-

centrations of 1/10,000,000 crude Holothurin

and its fractions. This same effect was observed

when early blastulae were exposed to this con-

tration of Holothurin Fraction B. Although

normal plutei prevailed when early blastulae

were exposed to crude Holothurin and Holo-

thurin A, some abnormal plutei were also ob-

served, as well as a small number of radialized

larvae with Holothurin A.

2. Continuous exposure (Tables XV and XVI).

Although no further development was ob-

served when early and mid-blastula stages were

continuously exposured to concentrations of

1/1,000,000 crude Holothurin and Holothurin

A, 25% development did result in Holothurin

Fraction B; all of the larvae became animalized.

No animalized larvae, however, were obtained

when these stages were treated with 1/1 0,000,000

Holothurin Fraction B. Radially symmetrical

larvae and some abnormal and normal plutei

developed in Holothurin Fraction B, while a

friigh percentage of animalized and radialized

larvae developed in the same concentration of

crude Holothurin and Holothurin A. Difficulty

in hatching was noted only when early blastulae

were treated with Holothurin A.

With the exception of some abnormal plutei,

observed with the crude Holothurin and Holo-

thurin A, a concentration of 1/100,000,000

Holothurin and its fractions produced plutei

similiar to the controls. No effect on develop-

ment was noted when blastula stages were con-

tinuously exposed to greater dilutions of the

three substances.

E. Additional Observations

1. Five-minute exposure of 4-cell stages to

Holothurin and its fractions, using 200 cc. in

fingerbowls.

This series of experiments was performed to

show that the small area and volume of the Syra-

cuse dish were not responsible for any of the ob-

served developmental modifications. Concen-

trations of 1/200,000 crude Holothurin and

Holothurin A resulted in a predominance of

animalized larvae, and a lesser number of radi-

ally symmetrical larvae. Holothurin Fraction B,

in concentrations of 1/100,000, produced a

majority of animalized larvae and occasional

“fragment balls.”

2. Concentration and time (Table XVII).

Crude Holothurin solutions of 1/10,000 in-
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hibited development when 4-cell stages were

exposed for 30 seconds, 1 minute and 3 minutes.

Some development (25% ) did take place, how-

ever, when these stages were exposed for 3 min-

utes to a concentration of 1/100,000; these were

predominantly animalized larvae, but “frag-

ment balls” were occasionally seen. A higher

percentage of development occurred with 1-

minute and 30-second exposures. Although the

majority of the developing forms were normal

in the 30-second exposure to 1/100,000 crude

Holothurin, 1 -minute treatment resulted in an-

imalized and radialized larvae with a lesser num-
ber of abnormal plutei. As might be expected,

30-second exposures of 4-cell stages to 1/1,000-

000 crude Holothurin had no effect on develop-

ment; the same was true for 1 -minute treatments

except for a small number of abnormal plutei.

When such cleavage stages were treated for 3

minutes, however, this concentration of crude

Holothurin resulted in a predominance of ab-

normal plutei, some radialized and animalized

larvae and a few normal plutei.

A concentration of 1/10,000 Holothurin A
inhibited development no matter how short the

treatment. Decreasing percentages of develop-

ment were observed when 4-cell stages were ex-

posed for 30 seconds, 1 minute and 3 minutes

to 1/100,000 Holothurin A. Thirty-second ex-

posures produced animalized and radialized

larvae, and a lesser number of abnormal plutei,

while only animalized larvae and “fragment

balls” were observed in the 1- and 3-minute ex-

posures. No animalized larvae were obtained

when these stages were exposed for 30 seconds

and 1 minute to 1/1,000,000 Holothurin A; in

fact, results of the 30-second treatment were in-

distinguishable from the sea water controls. Al-

though the majority of the forms subjected to

a 1 -minute exposure resembled the controls,

some abnormal plutei and radialized larvae

were in evidence. In contrast, a 3-minute treat-

ment with this concentration of Holothurin A
was sufficient to provoke animalization, as well

as produce some radialized larvae and abnormal
plutei.

Unlike crude Holothurin and Holothurin A,
Holothurin Fraction B in a concentration of

1/10,000 produced a high percentage of anim-
alized larvae when 4-cell stages were exposed
for 30-seconds. As with crude Holothurin and
Holothurin A, however, 1- and 3-minute ex-

posures inhibited development. A 3-minute
exposure to concentrations of 1/100,000 Holo-
thurin Fraction B produced animalized and
radialized larvae, and a small number of ab-

normal plutei. Exposures of 30 seconds and 1

minute, however, resulted in many larvae that

closely resembled the sea water controls, with

some abnormal plutei and a few radialized lar-

vae also present. A 1/1,000,000 Holothurin

Fraction B solution had no effect on the develop-

ment of 4-cell stages exposed for 30 seconds and

1 minute. Except for occasional abnormal

plutei, this was also true for the 3-minute ex-

posure.
Discussion

It is evident from these experiments that Hol-

othurin is a powerful toxic agent. Development
was arrested when various stages were exposed

for as little as five minutes to concentrations of

1/10,000, and with continuous exposure a con-

centration one-tenth as strong has the same
effect. Concentrations of 1/100,000 in 5-minute

exposures and 1/1,000,000 in continuous ex-

posures permitted some development; many of

the resulting individuals were only “fragment

balls.” Different degrees of fragmentation were

noted; these resulted in minute blastulae of vary-

ing sizes. Lesser degrees of this phenomenon
were evidenced by nearly normal-sized, actively

swimming forms that trailed a string of loose

cells.

Nigrelli & Zahl (1952) attributed an “all or

none” effect to the biological activity of Holo-

thurin, showing that the difference in dosage

between “no effect” and “complete killing” was

very small. Organisms exposed to lethal concen-

trations for short periods of time and then re-

turned to normal media showed no recovery.

An irreversibility of action was likewise demon-
strated on amphibian and mammalian nerves

by Friess et al. (1959). The present study indi-

cates that this toxic metabolite can act in other

ways than “all or none.” A selective modifica-

tion has been demonstrated on the development-

al processes of the sea urchin, but this does not

preclude an “all or none” effect upon certain

ultracytoplasmic structures. Indeed, present ob-

servations indicate that Holothurin may have

an irreversible effect at this level. Perhaps an

indication of this irreversibility of Holothurin

on certain ultracytoplasmic structures is afford-

ed by the short term (five minutes or less) ex-

posures of early stages to this substance. It would
appear that if such an effect were reversible, a

regulation to normality would be much more in

evidence when these short term exposures were
returned to normal sea water.

Holothurin A, which is believed to be the

active ingredient of crude Holothurin, was no
more efficacious than crude Holothurin in elici-

ting the same types of abnormalities at corres-

ponding concentrations. Both crude Holothurin
and Holothurin A were more effective than
Holothurin Fraction B; all three substances,

however, produced the same types of abnormal-
ities.
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Holothurin and its fractions exercise effects

upon sea urchin development not obtainable

with saponin. This was especially evident in

short term exposures where concentrations of

saponin either completely inhibited further de-

velopment or else produced larvae that did not

differ from the sea water controls. Although

occasional abnormal plutei were produced, no
animal ized or radialized larvae were ever ob-

served when any stage was continuously exposed

to saponin.

The action of Holothurin is characteristic of

the classical picture of animalization, i.e., hyper-

development of the ciliary tuft, thickening of the

apical ectoderm, absence of archenteron and
appearance of uniformly ciliated blastulae and

forms with ciliated fields or bands. These effects

were elicited with 5-minute exposure to 1/100,-

000 Holothurin Fraction B, and 1/100,000—

1/200,000 crude Holothurin and Holothurin A,
as well as with continuous exposure to 1/1,000,-

000—1/10,000,000 Holothurin Fraction B and

1/10,000,000-1/100,000,000 crude Holothurin

and Holothurin A.

In discussing the animalization produced by

a lack of potassium or sulphate ions, treatment

with thiocyanate in hypotonic solution and brief

treatment with concentrations of mercuric ions,

Lindahl (1942) maintained that this process is

the result of a partial or complete deficiency of

vegetal principle. Holothurin, therefore, must

exert its effects upon the vegetal pole region.

Horstadius (1935) reported that the extension

of the apical ciliary tuft indicates the intensity

of the animalization. When animalization is

very strong, the apical ciliary tuft covers as

much as three-fourths of the surface of the blas-

tula, the thickening of the apical ectoderm is

accentuated and extends laterally and the arch-

enteron does not form. Tn older larvae the cili-

ary covering is composed of short cilia that ex-

tend over the entire surface of the blastula. In

less animalized larvae a ciliary field or ciliary

band encircling the oral field is differentiated.

Lindahl (1936) attempted to account for veg-

etalization and animalization by characterizing

the animal pole as a region of carbohydrate me-
tabolism and the vegetal as one of protein meta-

bolism. Animalization would result from a block

to protein metabolism which would reduce the

amount of vegetalizing substance formed, and

therefore the intensity of the vegetalizing influ-

ence. The unmodified animalizing influence

would then turn the development of a larger

proportion of the egg toward an ectodermal di-

rection.

Ranzi & Falkenheim (1937) and Tamini
( 1943) believe that animalizing substances owe

their effects to their ability to disperse colloids,

vegetalizing substances to precipitate them.

Ranzi and his collaborators (Arosio, etal., 1949;

Ranzi & Citterio, 1954; Ranzi, 1957) studied

the action of different animalizing agents on the

viscosity of proteins. They attributed an essen-

tial role to the differences in stability of proteins

during the course of embryonic determination.

Animalization thus entails the destruction of

protein structures, while vegetalizing agents,

which stabilize protein structures, inhibit this

process.

Lallier (1958) also attributed animalizing and

vegetalizing effects to an ability to change the

structure of proteins, either directly or indirectly.

Direct action affects protein molecules already

formed. Ranzi and his collaborators have shown
that the most active agents profoundly modify

the properties of fibrillar and globular proteins,

thus exhibiting a direct action on protein struc-

ture. Haurowitz (1956) pointed out that pro-

tein molecules acquire their characteristic con-

figuration in the course of their synthesis and
that the introduction of different substances

(ions, macromolecules, etc.) changes the char-

acteristics of the milieu, and this could interfere

with the mechanisms responsible for the con-

figuration of proteins.

Since Holothurin is obviously a complex sub-

stance that may contain multiple toxic factors,

and since it is a substance of high surface activ-

ity, an interpretation of the possible mechanism
or mechanisms of action is undoubtedly com-
plicated. It is not likely, however, that the ani-

malizing effects elicited by Holothurin and its

fractions can be attributable merely to the high

surface activity of these substances. Saponin also

exhibits high surface-active properties, yet no
animalizing effects were observed. Horstadius &
Gustafson (1954) found that 8-chloroxanthine,

a surface-active agent as well as an antimetabo-

lite of purines and nucleic acid, produced radi-

alized larvae and also exhibited a slight animaliz-

ing effect. They believed that the animalizing

effect may have resulted solely from the anti-

metabolic action of 8-chloroxanthine, the radi-

alization of larvae being attributable to the sur-

face-active property of the substance. In analyz-

ing the animalization by bile salts, Lallier

(1954) was unable to associate this effect with

a group common to these salts and other ani-

malizing agents (such as thiocyanate, iodide,

etc.). He therefore attributed the animalization

to a direct effect on the ultracytoplasmic struc-

ture. He maintained that the surface-active

properties of bile salts can play a part in the

disruption of cytoplasmic structures. Finally,

Lallier’s interpretation of the results obtained by
Lindahl with HgCb are pertinent. Lindahl
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(1936) showed that a 6Vi-minute exposure of

fertilized eggs of the sea urchin, Paracentrotus

lividus, to 1/90,000 concentration of HgCb was

sufficient to provoke animalization. Because of

the short treatment and the weak concentra-

tion used, Lallier (1956b) suggested that the

fixative action of the mercuric ion had been re-

stricted to certain functional groups. A pro-

longed treatment would have resulted in the fix-

ation by mercury of all disposable functional

groups and thus would have inhibited develop-

ment entirely.

In the present experiments, exposures of five

minutes to low concentrations (1/100,000—

1/1,000,000) of Holothurin and its fractions re-

sulted in animalization. In another series of

experiments, 1/100,000 crude Holothurin pro-

voked animalization after only 1 -minute expo-

sure, the same concentration of Holothurin A
produced a similar effect after a 30-second ex-

posure, and 1/10,000 Holothurin Fraction B at

30-second exposures resulted in a high percent-

age of animalized larvae. Stronger concentra-

tions or longer exposures inhibited further de-

velopment. This may indicate that at lower con-

centrations or shorter exposures the action of

Holothurin and its fractions is limited to cer-

tain functional groups, and at stronger concen-

trations or longer exposures the action of Holo-

thurin and its fractions effects a more widespread

fixation, and thus prevents further develop-

ment.

It appears that Holothurin may elicit its ani-

malizing effects by modifying or destroying cer-

tain protein structures already formed in the de-

veloping sea urchin egg or by interfering with

its synthesis of proteins. The possible action of

Holothurin on protein structures was implied

by Nigrelli & Zahl (1952), who reported that

the toxicity of Holothurin to protozoa in syn-

thetic media was lessened by the addition of com-
plex natural materials such as mixtures of nuc-

leic acids and protein hydrolysates. These sub-

stances could afford a protective mechanism by
forming complexes with Holothurin, rendering

it less available to combine with the proteins of

the protozoa.

Since the complete chemical structure of Hol-

othurin is not known, it is impossible to attribute

its action to any specific chemical group or

groups. However, some tentative considerations,

based on what is already known about its chem-

istry, can be made.

Lallier (1955c, 1956a, 1957a, b) obtained

animalizations using various sulfonic acid dyes

and polysulfonic derivatives. He concluded that

the presence of acidic groups appears essential

for the manifestation of animalizing effects or

the change in type of symmetry. These acidic

groups can be sulfonic or carboxylic, and they

presumably produce their effects by combining

with the basic groups of proteins. Animalizing

properties would also be influenced by the posi-

tion of the acidic groups within the molecule,

and by the presence of other groups. The latter

could act either directly by combining with cel-

lular constituents, or indirectly by augmenting

the action of the acid. Important properties,

such as solubility, penetrability and affinity for

cellular constituents, depend upon the number
and nature of the nuclei that comprise a chemi-

cal agent. According to Lallier, all these prop-

erties of the chemical agent play important roles

in provoking animalization.

In Holothurin, the presence of a molecule of

sulphuric acid, although bound in ester link-

age, may bring about an effect similar to that of

the sulfonic derivatives mentioned above. In-

deed, one of the differences between Holothurin

and saponin is the presence of sulphuric acid.

However, the use of the fractions of Holothurin

did not bring the possible function of the sul-

phuric acid group into as sharp a focus as was

hoped. Holothurin A, the cholesterol-precipi-

tated fraction, contains glycosides as well as sul-

phuric acid. Holothurin Fraction B, which is the

cholesterol-soluble fraction, theoretically is de-

void of both glycosides and sulphuric acid. Our
tests, however, show that Holothurin Fraction B
produces the same animalizing effects as Holo-

thurin A and crude Holothurin, but in stronger

concentrations. It is, of course, possible that the

animalizing effect may be the result of some

group or groups other than the sulphuric acid

and/or glycoside. Another possibility is that the

cholesterol-soluble fraction may contain some

glycoside and/or sulphuric acid; this would ac-

count for the stronger concentration of Holo-

thurin Fraction B needed to provoke animaliza-

tion. The fact that Holothurin and its fractions

are agents with high surface-active properties

may play a vital role in the adherence and pene-

trance of these substances into the cell. The in-

dication that the steroid portion of Holothurin

is different from that of other saponins may like-

wise play an important role in eliciting these ani-

malizing effects.

The production of radialized larvae has been

reported by many workers, using diverse chemi-

cal agents. Gustafson & Savhagen (1950) found

that anionic detergents, such as duodecylsul-

phate, laurylsulphate, “Duponol” and “Texa-

pon” very efficiently induce radialization. Hor-

stadius & Gustafson (1954) obtained the same

effect using 8-chloroxanthine, an antimetabolite

of purines and nucleic acid, and P-phenyllactic
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acid, an antimetabolite of phenylalanine. Rulon

(1952, 1953a, b, 1955, 1956, 1957) induced

radialization in the sand dollar by treatment with

glucose and the salts of zinc, nickel and cobalt.

Lallier (1955a, b, c, 1956a, b, 1957b) observed

radializing effects with such substances as zinc,

various sulfonic derivatives and sodium persul-

phate.

The radialization produced by anionic deter-

gents (Gustafson & Savhagen, 1950) has been

interpreted by Horstadius & Gustafson (1954)

as a result of the high surface activity of these

substances. These authors believed that these

compounds have no pronounced antimetabolic

properties. They also indicated that the radial-

izing effect produced by the antimetabolites, 8-

chloroxanthine and P-phenyllactic acid, should

be attributed to their surface-active properties.

On the other hand, Lallier (1957b), in explain-

ing the appearance of animalized larvae at

stronger concentrations of a particular chemical

agent and radialized larvae at weaker ones, re-

garded radialization as representing a weakened
form of animalization.

The radialized larvae produced by the action

of Holothurin pose certain problems. To attri-

bute this effect to its surface-active properties

alone appears to be an oversimplification. The
complete lack of radialized larvae in the pres-

ence of saponin, also a substance of high surface

activity, supports this view. Animalized larvae

were obtained with the more concentrated solu-

tions of Holothurin, while radialized larvae usu-

ally occurred in the less concentrated ones. As
Lallier (1957b) sugggested, it appears likely

that radialized larvae do represent a less ex-

treme form of animalization.

There is, however, one effect that seems to be

specifically the result of the high surface activity

of crude Holothurin and its two fractions.

Throughout this study there have been instances

where Holothurin solutions had an effect on the

hatching of the sea urchin blastula and the dis-

solution of the membrane. This was noted most
frequently with Holothurin A, less with crude

Holothurin and least with Holothurin Fraction

B. It occurred in various degrees. At times blas-

tulae were unable to hatch from their mem-
branes and were observed rotating within their

membranes. Other blastulae were only partly

free of the membrane, or if free, left incom-
pletely dissolved membranes on the bottom of

the dish as evidence of some difficulty in hatch-

ing. This effect was also observed, though much
less frequently, in some experiments with sapo-

nin. There is obviously some interference in the

reaction between the hatching enzyme and the

membrane (substrate). It does not appear likely

that the enzyme is inactivated. It seems probable

that a film forms on the membrane and prevents

the action of the enzyme on its substrate. This

explanation is the more plausible for several rea-

sons: (1) the high surface activity of Holo-

thurin and its fractions, which makes the forma-

tion of a film likely; (2) the presence of varying

degrees of inhibition of hatching, and the lack

of this phenomenon in similar experiments with

Holothurin; and (3) the rare occurrence of in-

hibition of hatching with saponin, also a sub-

stance of high surface activity. A similar effect

has been alluded to by Horstadius & Gustafson

( 1954) in attempting to explain the appearance

of radially symmetrical larvae treated with 8-

chloroxanthine and ft-phenyllactic acid.

The appearance of abnormally formed plutei,

observed with lower concentrations of crude

Holothurin and its two fractions, both in short

term and continuous exposures, may be a recov-

ery reaction (Child, 1941). Such plutei were

characterized by a defective skeleton, typically

a complete absence of arms, short anal arms or

wide-angled arms. There appears to have been

disturbance, but the stimulus was not strong

enough and/or did not persist long enough to

produce forms more divergent from the con-

trols than these abnormally formed plutei.

Summary

1. Crude Holothurin, a toxic steroid saponin

from the sea cucumber, Actinopyga agassizi,

and two of its fractions, Holothurin A and Holo-

thurin Fraction B, were tested in various con-

centrations on the developmental stages of the

sea urchin, Arbacia punctulata. Purified saponin

was used as a parallel control in addition to the

usual controls in sea water.

2. The Holothurin compounds were shown
to cause developmental modifications in the sea

urchin not obtainable with saponin. Holothurin

and its fractions inhibited development at con-

centrations which produced no effects on the

developmental processes when saponin was used.

3. The most significant modification pro-

duced by Holothurin and its two fractions was
animalization, indicating that certain protein

structures in the developing sea urchin were af-

fected. Other modifications in developmental

patterns were fragmentation, inhibition of hatch-

ing, radialized larvae and abnormally formed
plutei.

4. Crude Holothurin and Holothurin A were

effective in weaker concentrations (5-10X) than

was Holothurin Fraction B. All three substances

are extremely powerful agents, producing de-

velopmental modifications at extremely low con-

centrations and at very short exposures.
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Appendix

Table I. Five-minute Exposure of Unfertilized
Eggs to Crude Holothurin, Holothurin A,

Holothurin Fraction B and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin
1

1/1,000 0 0 0 0

1/10,000 0 0 0 QO ss

1/100,000 0 0 0 95%
P

1/200,000 40% 25% 50% 95%
a a a P

1/1,000,000 85%
arp

85%
arp

95%
pPra

1/10,000,000 95%
Pp

95%
Ppr

95%
Pp

1/20,000,000 95%
P

95%
P

95%
P

*Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin Fraction B; a = animalized larvae; r = radialized lar-
vae; p = abnormal plutei; P = plutei similar to control; listed

according to frequency.

Table II. Five-minute Exposure of Eggs Immedi-
ately Post-fertilization to Crude Holothurin,
Holothurin A, Holothurin Fraction B and

Saponin *

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B
1

Saponin

1/1,000 0 0 0 0

1/10,000 0 0 0 85%
P

1/100,000 1-10%
a

0 85%
ar

95%
P

1/200,000 85%
ar

7 K0/l j VO

ar
95%
praP

95%
P

1/1,000,000 95%
praP

95%
rapPi

95%
Pp

1/10,000,000 95%
Pp

95%
Pp

95%
P

1/100,000,000 95%
P

95%
P

95%
P

’Crude = Crude Holothurin; A = Holothurin A ; B = Holo-
thurin fraction B; a = animalized larvae; r = radialized larvae;
i = inhibition of hatching; p — abnormal plutei; P = plutei
similar to control; listed according to frequency.

Table III. Five-minute Exposure of 2-cell

Stages to Crude Holothurin, Holothurin A,

Holothurin Fraction B and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/1,000 0 0 0 0

1/10,000 0 0 0 95%
P

1/100,000 50%
af

30%
af

85%
arp

95%
P

1/200,000 95%
arpi

85%
arp

95%
parP

1/1,000,000 95%
praP

95%
praPi

95%
pPrai

1/10,000,000 95%
Pp

95%
Pp

95%
Pp

1/100,000,000 95%
P

95%
P

95%
P

’Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls’ '

;

r = radialized larvae; i = inhibition of hatching; p = abnormal
plutei; P = plutei similar to control; listed according to
frequency.

Table IV. Five-minute Exposure of 4-cell

Stages to Crude Holothurin, Holothurin A,

Holothurin Fraction B and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponi n

1/1,000 0 0 0 0

1/10,000 0 0 0 95%
P

1/100,000 50% J0% 50% 95%
af af af P

1/200,000 85% 75% 95%
ar ar arp

1/1,000,000 95% 95% 95%
rapP arpP pPra

1/10,000,000 95% 95% 95%
Pp Pp Pp

1/100,000,000 95% 95% 95%
P P P

’Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls";

r = radialized larvae; p = abnormal plutei; P = plutei similar

to control; listed according to frequency.
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Table V. Five-minute Exposure of 8- and 16-cell
Stages to Crude Holothurin, Holothurin A,

Holothurin Fraction B and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/1,000 0 0 0 0

1/10,000 0 0 0 95%
P

1/100,000 0-10%
f

0-5%
f

40%
ar

95%
P

1/200,000 75%
ar

75%
ar

95%
rapP

1/1,000,000 95%
arpPi

95%
arpP

95%
pP

1/10,000,000 95%
Pp

95%
Pp

95%
P

1/100,000,000 95%
P

95%
P

95%
P

•Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls”

;

r = radialized larvae; i = inhibition of hatching; p = abnormal
plutei; P = plutei similar to control; listed according to
frequency.

Table VI. Five-minute Exposure of Late
Cleavage Stages to Crude Holothurin,
Holothurin A, Holothurin Fraction B

and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude
J

A B Saponin

1/1,000 0 0 0 0

1/10,000 0 0 0 95%
P

1/100,000 40%
af

30%
af

60%
ar

95%
P

1/200,000 85%
arp

85%
arp

95%
pPra

1/1,000,000 95%
pPr

95%
pPri

95%
Pp

1/10,000,000 95%
Pp

95%
Pp

95%
P

1/100,000,000 95%
P

95%
P

95%
P

•Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = "fragment balls";
r = radialized larvae; i = inhibition of hatching; p = abnormal
plutei; P = plutei similar to control; listed according to
frequency.

Table VII. Five-minute Exposure of Early
Blastula Stages to Crude Holothurin,
Holothurin A, Holothurin Fraction B

and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/1,000 0 0 0 0

1/10,000 0 0 0 95%
P

1/100,000 50%
afri

35%
fai

70%
afrpi

95%
P

1/200,000 85%,
praPi

85%
aprPi

95%
praP

1/1,000,000 95%_
Pprai

95%
rPpai

95%
Ppr

1/10,000,000 95%
Pp

95%
Ppr

95%
P

1/100,000,000 95%
P

95%
P

95%
P

•Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls”;
r = radialized larvae; i = inhibition of hatching; p = abnormal
plutei; P = plutei similar to control; listed according to
frequency.

Table VIII. Five-minute Exposure of Mid-
blastula Stages to Crude Holothurin,
Holothurin A, Holothurin Fraction B

and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/1,000 0 0 0 0

1/10,000 0 0 0 100%
p

1/100,000 60%
arp

10%
fa

75%
prP

100%
p

1/1,000,000 95%
Ppr

95%
Ppr

95%
Ppr

1/10,000,000 100%
P

100%
P

100%
P

•Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls”;
r = radialized larvae; p = abnormal plutei; P = plutei similar
to control; listed according to frequency.
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Table IX. Continuous Exposure of Pre-
fertilized Eggs to Crude Holothurin,
IIolothurin A, Holothurin Fraction B

and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B
1

Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
pP

1/1,000,000 0 0 5-10%
a

95%
P

1/10,000,000 85%
ap

85%
ap

95%
arp

95%
P

1/100,000,000 95%
prai

95%
pra

95%
Pp

1/1,000,000,000 95%
P

95%
P

95%
P

“Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; r = radialized larvae;
i = inhibition of hatching; p = abnormal plutei; P = plutei
similar to control; listed according to frequency.

Table X. Continuous Exposure of Eggs Immedi-
ately Post-fertilization to Crude Holothurin,

Holothurin A, Holothurin Fraction B
and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone.

1

Crude A B
j

Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
Pp

1/1,000,000 0 0 0 95%
P

1/10,000,000 50%
a

50%
ai

80%
a

95%
P

1/100,000,000 95%
praP

95%
praP

95%
Ppra

1/1,000,000,000 95%
P

95%
P

95%
P

“Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; r = radialized larvae;
i = inhibition of hatching; p = abnormal plutei; P = plutei
similar to control; listed according to frequency.

Table XI. Continuous Exposure of 2-cell

Stages to Crude Holothurin, Holothurin A,

Holothurin Fraction B and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
pPi

1/1,000,000 0 0 25%
af

95%
P

1/10,000,000 50%
ar

50%
ari

85%
pra

95%
P

1/100,000,000 95%
pPra

95%
pPra

95%
Pp

1/1,000,000,000 95%
P

95%
P

95%
P

‘Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls”

;

r = radialized larvae; 1 = inhibition of hatching; p = abnormal
plutei; P = plutei similar to control; listed according to

frequency.

Table XII. Continuous Exposure of 4-cell

Stages to Crude Holothurin, Holothurin A,

Holothurin Fraction B and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
Pp

1/1,000,000 1-5%
fa

0 30%
a

95%
P

1/10,000,000 85%
rpa

85%
rap

95%
prP

95%
P

1/100,000,000 95%
pP

95%
PP

95%
P

1/1,000,000,000 95%
P

95%
P

95%
P

‘Crude = Crude Holothurin; A = Holothurin A; B = Holo-

thurin fraction B; a = animalized larvae; f = “fragment balls”

;

r = radialized larvae; p = abnormal plutei; P = plutei similar

to control; listed according to frequency.
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Table XIII. Continuous Exposure of 8- and
16-Cell Stages to Crude Holothurin,
Holothurin A, Holothurin Fraction B

and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
Pp

1/1,000,000 5%
fa

0 30%
a

95%
P

1/10,000,000 85%
rpa

85%
rap

95%
prP

95%
P

1/100,000,000 95%
pP

95%
pP

95%
P

1/1,000,000,000 95%
P

95%
P

95%
P

’Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls;”

r = radialized larvae; p = abnormal plutei; P = plutei similar

to control; listed according to frequency.

Table XIV. Continuous Exposure of
Late Cleavage Stages to Crude Holothurin,

Holothurin A, Holothurin Fraction B
and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
Pp

1/1,000,000 5% 0 10% 95%
af af P

1/10,000,000 85% 85% 95% 95%
par a Ppra P

1/100,000,000 95% 95% 95%
Pp Ppr P

1/1,000,000,000 95% 95% 95%
P P P

’Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction B; a = animalized larvae; f = “fragment balls”;

r = radialized larvae; p = abnormal plutei; P = plutei similar

to control; listed according to frequency.

Table XV. Continuous Exposure of Early
Blastula Stages to Crude Holothurin,
Holothurin A, Holothurin Fraction B

and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
Pp

1/1,000,000 0 0 25% 95%
a P

1/10,000,000 85% 85% 95% 95%
ar ari rpP P

1/100,000,000 95% 95% 95%
Pp Pp P

1/1,000,000,000 95% 95% 95%
P P P

•Crude = Crude Holothurin; A = Holothurin A; B = Holo-
thurin fraction R; a = animalized larvae; r = radialized larvae;
i = inhibition of hatching; p = abnormal plutei; P = plutei

similar to control; listed according to frequency.

Table XVI. Continuous Exposure of
Mid-blastula Stages to Crude Holothurin,
Holothurin A, Holothurin Fraction B

and Saponin*

Percentage Developing and Types of

Abnormalities Produced

Cone. Crude A B Saponin

1/10,000 0 0 0 0

1/100,000 0 0 0 85%
Pp

1/1,000,000 0 0 25%
a

100%
P

1/10,000,000 85%
ar

85%
ar

95%
rpP

100%
p

1/100,000,000 95%
Pp

95%
Pp

100%
P

1/1,000,000,000 100%
P

100%
P

100%
p

•Crude = Crude Holothurin; A = Holothurin A: B = Holo-
thurin fraction R; a = animalized larvae; r = radialized larvae;

p = abnormal plutei; P = plutei similar to control; listed

according to frequency.
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Table XVII. Concentration and Time
(with 4-cell Stages) *

Percentage Developing and Types of

Abnormalities Produced

Crude Holothurin 30 sec. 1 min. 3 min.

1/10,000 0 0 0

1/100,000 95%
Pp

50%
arp

25%
af

1/1,000,000 95%
P

95%
Pp

95%
praP

Holothurin A 30 sec. 1 min. 3 min.

1/10,000 0 0 0

1/100,000 50%
arp

30%
af

10%
af

1/1,000,000 95%
P

95%
Ppr

95%
arp

Holothurin
Fraction B 30 sec. 1 min. 3 min.

1/10,000 50%
a

0 0

1/100,000 95%
Ppr

95%
Ppr

75%
arp

1/1,000,000 95%
P

95%
P

95%
Pp

*a = animalized larvae; f = “fragment balls”; r = radialized
larvae; p = abnormal plutei; P = plutei similar to control;
listed according to frequency.
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EXPLANATION OF THE PLATES
All figures are photomicrographs of living stages

Plate I

Fig. 1. Control blastula. Note extension of apical

ciliary tuft. Darkfield illumination. Ap-
proximately 100X.

Fig. 2. Animalized larva—24 hours. Hyperciliation

of the apical ciliary tuft. Darkfield illumi-

nation. Approx. 200X.

Fig. 3. Animalized larva—24 hours. Hypercilia-

tion of the apical ciliary tuft. Phase con-

trast. Approx. 400X.
Fig 4. Animalized larva—48 hours. Note thicken-

ing of apical ectoderm. Phase contrast.

Approx. 200X.

Plate If

Fig. 5. Control plutei—2-3 days. Phase contrast.

Approx. 100X.

Fig. 6. Animalized larva—72 hours. Uniformly
ciliated blastula. Phase contrast. Approx.

400 X.

Fig. 7. Animalized larva—72 hours. Blastula with

ciliated field. Phase contrast. Approx.

400X.
Fig. 8. Animalized larva—72 hours. Blastula with

ciliated band. Phase contrast. Approx.

400X.
Fig. 9. Animalized larva—72 hours. Blastula with

ciliated band. Phase contrast. Approx.

200X.
Fig. 10. Animalized larva—72 hours. Blastula with

ciliated band. Phase contrast. Approx.

200X.
Plate III

Fig. 11. Radialized larva—72 hours. Note cilia

surrounding anal field. Phase contrast.

Approx. 400X.

Fig. 12. Radialized larva-72 hours. Apical elong-

ation. Phase contrast. Approx. 200X.

Fig. 13. Radialized larva—72 hours. Note archen-

teron. Phase contrast. Approx. 400X.

Fig. 14. Radialized larva—72 hours. Note cilia.

Phase contrast. Approx. 200X-

Fig. 15. Radialized larva—72 hours. Note skele-

tal spicules. Phase contrast. Approx. 100X

Plate IV

Fig. 16. Abnormal pluteus. Absence of arms.

Phase contrast. Approx. 400X.

Fig. 17. Abnormal pluteus. Defective skeletal ar-

rangement. Phase contrast. Approx..

200X.

Fig. 18. Abnormal plutei. Note wide-angled arms
of plutei. Phase contrast. Approx. 100X.

Fig. 19. Inhibition of hatching. Note incompletely

dissolved membranes by which young
blastulae are held together. Phase contrast.

Approx. 100X.

Fig. 20. Fragmentation. Small embryonic core

emerges as free-swimming. Phase contrast.

Approx. 100X.
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A Guide to the Snake Hemipenis: a Survey of Basic Structure and

Systematic Characteristics

Herndon G. Dowling & Jay M. Savage

Department of Reptiles, New York Zoological Park; and Department of Biology, University of

Southern California, Los Angeles

(Plates I-III; Text-figures 1-6)

THE structures of the male genitalia of

snakes were first used as systematic char-

acteristics by Edward Drinker Cope
(1893, 1894, 1895, 1900) in a brilliant attempt

to introduce new dimensions into the classifica-

tion of the suborder Serpentes. Cope’s studies

were based upon an analysis of the hemipenis

in more than 200 species of snakes that are

representative of all currently recognized familial

groups except the Typhlopidae, Leptotyphlo-

pidae, Xenopeltidae and Uropeltidae. His ma-
terial indicated clearly that not only are the

hemipenial structures of value to the student of

major classification but in addition they may also

be employed to distinguish between genera, and
on occasion between related species.

Unfortunately, few herpetologists have taken

advantage of the foundation provided by Cope
and the nature of the hemipenes of most snakes

remains to be studied. A number of factors

seem to have contributed to this reluctance to

use penial features in systematic studies. Among
the more pertinent objections are: (1) rejec-

tion of the use of internal characteristics in sys-

tematic work (Constable, 1949, p. 59); (2) dis-

like of utilizing features found in only one sex

as a basis for classification (McCann, 1946);

(3) a belief that the hemipenes are difficult to

locate and prepare for study; (4) lack of un-

derstanding regarding the basic structure and
characteristics of the hemipenes, intensified by
the inconsistent terminology applied by Cope
and the misapplication of certain of his terms

by subsequent workers; (5) confusion, due
primarily to (4) above, as to the nature of

hemipenial variation and consequent distrust of

decisions formulated from penial evidence. In

our opinion, none of the listed criticisms of the

application of hemipenial characters in snake

taxonomy is valid. Certainly, the philosophy

which objects to the use of internal features in

classification cannot be taken seriously by mod-
ern systematists. Neither can we accept the sug-

gestion that hemipenial features are not signifi-

cant merely because they are found only in

males. Ample precedent exists for systematic

evaluation based upon organs (frequently sex-

ual) restricted to only one sex in such diverse

groups as birds, fishes, insects, cephalopods and
higher plants. Of course we do not advocate a

classification based solely on the characters of

the male genitalia, but rather one in which

genital structures are used in combination with

other features.

The remaining three objections to utilization

of hemipenial characters in classification are

empirical rather than philosophical. They ap-

pear to constitute the chief reasons for the in-

difference of most herpetologists to the use of

penial features in taxonomy. Since the hemi-

penis, as will be shown below, is relatively easy

to ready for study, the belief that it is difficult

to locate or prepare is fallacious. Criticism of

the use of the hemipenes because of confusion

regarding their morphology combined with an

inconsistent and inadequately defined descrip-

tive terminology is well taken. Different authors

have used the same terms for totally different

structures or have coined different terms for

the same structures. The result has been a cha-

otic pattern of non-comparable descriptions and
has effectively reduced the reliance of systemat-

ists upon hemipenial data. However, it has been
the application of terms—not the condition of

the organs—which has caused the difficulty. In

papers with an internally consistent approach

17
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(Pope, 1935; Bogert, 1940; Smith, 1943) the

validity of hemipenial characters as systematic

tools has been fully demonstrated. The obvious

remedy for this somewhat confused situation is

development of a standardized terminology for

description of the hemipenis, not in the rejection

of penial features as taxonomic characters. Fin-

ally, the lack of knowledge concerning penial

variation is more apparent than real and stems

directly from the confusion surrounding mor-
phologic description. Although we have not un-

dertaken an extensive analysis of variation in

hemipenial characters as part of the present re-

port, we are convinced on the basis of informa-

tion in the literature and our own studies that

the limits of penial variation are no greater than

for other morphological features and that if

properly described the hemipenial characters

form a firm foundation for systematic decisions.

The primary aims of the present paper are to

take advantage of the previous work on hemi-

penial structure and to overcome the problems

mentioned in the preceding paragraph by de-

scribing methods of preparing the hemipenis

for analysis and in establishing a standardized

terminology for the description of penial char-

acters. It is our belief that the standardized treat-

ment here proposed, if accepted by other her-

petologists, will result in further clarification of

the significance of penial variation and will form
a sound basis for expanding the use of hemi-

penial characters in serpent systematics.
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Use of Hemipenial Characters

in Snake Systematics

Cope (1893, 1894) in a bold attempt to

break away from the classification of snakes

developed by Boulenger (1893) from the sys-

tem devised by Constant Dumeril (see Dum-
eril, Bibron & Dumeril, 1854), first employed

the structural characteristics of the hemipenis

in systematics. The classification set up by Dum-
eril emphasized scutellation, cranial osteology

and dentition. Boulenger had modified the sys-

tem primarily through utilizing Cope’s (1886)

work on vertebral hypapophyses. Cope, how-
ever, undertook to discern features of phyletic

significance in the soft anatomy of snakes, not-

ably in the lungs and male genitalia, as an aid

toward the development of a more natural clas-

sificatory system. Subsequent to his preliminary

reports of 1893 and 1894, Cope published a

comprehensive work ( 1895) detailing the char-

acters of the lungs and hemipenes for a great

number of ophidian species. His revised classi-

fication was based upon a combination of char-

acters including those of the genital and pleural

features. The paper includes 20 plates illustrat-

ing approximately 235 hemipenes and, while

the descriptions and figures are on occasion in-

adequate or erroneous, the report stands as a

major contribution to the understanding of ser-

pent classification. (These plates were later pub-

lished in a reduced size, Cope, 1900). Although
originally interested in the penes as aids in set-

ting up a major classification of snakes. Cope
also demonstrated that the hemipenial charac-

ters were of general value in distinguishing be-

tween related species and genera.

Since Cope’s day, the hemipenial characters

have been employed both for segregation and

integration. However, the majority of workers

have restricted themselves to either one or the

other of these taxonomic functions, with empha-
sis on the discriminatory phase. The principal

attempt to utilize penial features for major clas-

sification, since 1900, has been by Dunn (1928),

who arranged the genera of American colubrids

on the basis of a combination of vertebral, denti-

tional and hemipenial characters. Bogert (1940)

applied a similar procedure in evaluating the

African colubrids, but rejected Dunn’s major
divisions founded upon penial features as being

polyphyletic. His conclusions indicated that both

Cope and Dunn may have been too sanguine in

their estimate of the importance of hemipenial

features in major classification. Bogert also

demonstrated that, within limits, certain penial

characteristics are restricted to groups of related

genera and thus he does not entirely rule out

the hemipenes as having significance in supra-
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generic classification. Vellard (1928a, 1928b,

1946) is the only other student to deal with

hemipenial features as they relate to problems of

major classification. A number of significant

analyses of differences between species and gen-

era have appeared, especially Domergue (1955),
McCann (1946), Pope (1935) and Smith

(1943). In addition an impressive array of

North American herpetologists have described

hemipenes in their specific and generic revisions.

Data from these several sources together with

our own work on snake penes make possible cer-

tain conclusions regarding the current status of

hemipenial characters in relation to modern sys-

tematic studies:

( 1 ) It has been amply demonstrated that the

features of the hemipenes are rather stable for a

particular species or species group and when
properly analyzed may provide a means of sys-

tematic discrimination between related taxa.

(2) The range of interspecific and intra-

specific variation in hemipenial characters needs

further investigation in order to establish con-

fidence limits on the patterns of variation ex-

hibited within a species population.

(3) The characteristics of the hemipenis are

also useful in evaluating the degree of relation-

ship between forms and in combination with

other features may provide a basis for infra-

generic, generic and suprageneric groupings of

species.

(4) The phyletic significance of differences

in the hemipenes at the suprageneric levels is

not now known and penial structures cannot at

present be used in delimiting higher categories

of snakes. Vellard’s (1946) interesting attempt

to construct a phylogeny of snakes based on

hemipenial characters is derived from study of

too few genera to make it convincing.

In general we believe that the structural fea-

tures of the hemipenes ought to be utilized in

snake systematics to a much greater extent than

in the past. The organs provide a number of ad-

ditional characters for evaluation over those of

osteology, lepidosis, coloration and measure-

ments. Only through a continued and increased

analysis and application of data on penial fea-

tures to the solving of problems in serpent sys-

tematics can the full value of these characters be
realized. It is hoped that the present paper will

serve to some degree as a stimulus to more ac-

curate and more frequent utilization of the char-

acters of these organs in classification.

Basic Structure of the Hemipenes
The structure of the squamate hemipenis has

been described by a number of morphologists,
but the papers by Beuchelt (1936), Unterhossel

(1902 )and Volspe (1944 )are the most useful

and comprehensive. The publications of these

authors have been extensively utilized in pre-

paring the section on the anatomy of the or-

gans. However, questionable points have been

verified by dissection.

The hemipenes of snakes are paired tubular

membranous organs lying in the base of the

tail ventral to the horizontal septum and sepa-

rated from the lateral and subcaudal integument

by thin layers of superficial ventral body muscle,

the paired medial m. rectus caudae, and con-

nective tissue. The hemipenes are hollow and

each organ opens to the exterior through an

aperture on the lateral margin of the posterior

lip of the cloacal opening. The hemipenes are

ventral to the glandular anal sacs, which in fe-

males may be greatly enlarged and occupy much
of the space filled by the genitalia in males. The
anal sacs of males empty into the cloaca through

small pores at the posterior margin of the cloacal

slit lateral to the openings of the hemipenes.

Each anal sac is covered by a well-developed

muscle (m. constrictor sacculi ani) which serves

to expel a glandular secretion into the cloacal

region.

Each hemipenis is a cylindrical organ com-

posed of two primary membranous and erectile

layers. When the hemipenis is retracted or in

an invaginated state, the most superficial por-

tion is the undifferentiated asulcate layer. The
internal sheath, or sulcate layer, (PI. I, Fig. 1)

is undifferentiated on its outer surface. However,

the inner surface, which borders the central lu-

men of the organ, is traversed by a deep, well-

defined groove, the sulcus spermaticus, and is

frequently ornamented with a series of complex

structures. The entire sulcate layer is permeated

by a series of lymph sinuses. Lying between the

asulcate and sulcate layers is a large sinus that

becomes filled with blood at the time of penial

erection. This sinus may be divided somewhat
by a series of thin projections of connective tis-

sue which extend for short distances along the

longitudinal axis of the organ from the asulcate

to sulcate layer. These projections probably

function to support and attach the two layers

while the organ is evaginated. Essentially, the

hemipenis is made up of two hollow cylinders

of tissue, one (sulcate) inside the other (asul-

cate), that are narrowly separated by a hollow

blood sinus.

Tn describing the retracted organ, (PI. II, Fig.

3) the following series of definitions are recom-
mended for reference to direction, orientation

and relative position of parts. The portion of the

organ located near the cloaca is proximal or

basal. That portion lying most posterior in the
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tail is distal or apical. The terms dorsal and

ventral refer to the areas of the organ located

nearest to the vertebral column and subcaudal

surface of the tail, respectively. The structures

of the hemipenes situated nearest to the sides of

the tail are lateral, while those found adjacent

to the longitudinal plane of the tail are medial.

Associated with the hemipenes are a series of

specialized muscles. Dorsal and lateral to the

organs are paired propulsor muscles that extend

from the base of the tail for a considerable dis-

tance posterior to the hemipenes. The propulsor

muscle sheath originates from a band of fascia

attached to the caudal chevrons, which in snakes

are fused to the ventral surface of the caudal

vertebrae, and extends ventrally around the anal

sac, the hemipenis and other penial muscles to

insert on the median septum of the tail. Three

retractor muscles, which lie within the area in-

closed by the propulsors, insert on each hemi-

penis. The m. retractor penis magnus originates

on one of the posterior caudal vertebrae and ex-

tends anteriorly to insert on the distal end of

the hemipenis. This muscle may be divided for

some distance posterior to its points of attach-

ment to the hemipenis in species with a divided

or bilobed organ and one slip is inserted on each

of the penial apices. The m. retractor penis par-

vus originates on one or more of the anterior

caudal vertebrae medial to the propulsors and
inserts by a tendon on the dorsal asulcate sur-

face of the penis. The m. retractor penis basalis

originates from the ventral abdominal wall be-

low the urogenital papilla and inserts via a fascia

on the asulcate surface of the hemipenis.

At the time the organ is everted or evaginated

the lymph sinuses of the sulcate layer and the

blood sinus between the asulcate and sulcate

layers become filled with fluids, the former from

the cysterna Jymphatica of the cloacal region

and the latter bv a penial vein (PI. I, Fig. 2).

The lymph and blood first fill the sinus cavities

in the basal portion of the hemipenis. At the

same time the retractor muscles are relaxed and

the propulsor muscles contract to evert the basal

portion of the organ. Apparently only the basal

segment is normally everted by most species

prior to actual insertion of the hemipenis into

the female cloaca. Only one of the organs is

utilized in copulation at any one time (Boul-

enger, 1913, p. 83, and McCann, 1946, are in

error) although both may be partially everted.

The recent erroneous reference to the simultan-

eous insertion of both hemipenes in Pseudaspis

cana (Brain, 1959) is based upon observations

of a species with a divided hemipenis of excep-

tional length (vide Bogert, 1940, p. 42).

Once the hemipenis has been inserted into the

female an increase in blood and lymph pressure

evaginates the remainder of the organ. This

process produces an organ fully extended with

fluid in which the sulcate layer now lies on the

exterior surface and the asulcate layer is in-

ternal to it (PI. II, Fig. 4). Thus the hemipenis

has been turned completely inside-out so that

the sulcus spermaticus is on the external sur-

face and is now in position to transport sperma-

tozoa from the male cloaca into that of the

female. It is assumed that in species with a bi-

furcate sulcus, each branch terminates near to

the corresponding oviductal openings in the

female cloaca (Pope, 1941). Snakes with hemi-

penes in which the organ is divided at the tip

insert each of the separate apices into depres-

sions of the cloaca dorsal to the openings of the

oviducts. The ornamentation on the sulcate sur-

face, which is now the external surface, becomes
fully extended and serves to anchor the penis

rigidly within the cloaca. In most species the

organ cannot be removed from the female with-

out damage to both copulating individuals un-

less the male undertakes penial retraction.

Although the everted hemipenis is basically

similar to a retracted organ turned inside-out,

the fully protruded penis is no longer strictly

cylindrical, nor do its various structures retain

precisely the same positions they held when in

the invaginated condition. Usually there are

marked differences apparent in the diameter of

the basal and apical areas and differentials in

the elasticity of the investing tissue of the sul-

cate layer produce asymmetry and some twisting

of the organ. The sulcus spermaticus, for ex-

ample, frequently runs partially around the

hemipenis in its course from cloaca to tip, while

in the retracted organ the sulcus forms essen-

tially a straight line. Because of the distortions

produced by eversion, comparable parts no
longer retain the identical relationship to the

major axes of the snake. In consequence the

points of reference used for orientation and di-

rection on the protruded organ must be defined

somewhat differently.

In a snake with a fully extruded hemipenis

the organ may project anteriorly, posteriorly or

laterally from the cloacal region. However, if

the hemipenis is gently depressed into a position

where the apex points directly downward (at

90° to the anal slit), a logical and adequate sys-

tem of directions may be established (PI. II,

Fig. 4). The portions of the organ lying nearest

to the cloaca are basal and retain the same re-

lationship to the remainder of the hemipenis as

do the basal areas of the retracted organ. The
free tip is referred to as the apical end and cor-

responds to the same region in unprotruded
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hemipenes. The side of the organ having the

major length of the sulcus is designated the

medial surface, while the opposite side is lateral.

The basis of this definition may be seen in the

organs illustrated. The sulcus enters the hemi-

penis on its anterior surface (toward the cloaca)

and on a right hemipenis (Text-fig. IB) turns

sharply left (medially), while on a left hemi-
penis (Text-fig. 1A) the sulcus turns sharply

right (medially).

Text-fig. 1. Left (A.) and right (B.) hemipenes of

Masticophis flagellum (HGD 38) ,
showing their

asymmetrical structure. Note that the organs are

mirror-images near their bases but are more nearly

identical toward their distal ends.

The invagination of the hemipenis apparently

is accomplished by reduction in lymphatic and
blood pressure in conjunction with contraction

of the retractor muscles. Initial retraction is

produced by the action of the m. retractor penis

magnus, which inverts the apical portion of the

hemipenis. After the apical region is invaginated

the m. retractor penis parvus retracts the more
basal areas until only the base still protrudes.

The final stage in retraction is accomplished by
deturgescence of the base and contraction of

the m. retractor penis basalis. The propulsor

muscles remain relaxed during the retraction

process.

Descriptive Features of the Hemipenes

The complete description of a hemipenis for

systematic purposes includes information on its

length, shape, condition of sulcus spermaticus,

nature and pattern of ornamentation and type

of apex. Inasmuch as the right and left hemi-
penes of the same individual usually differ some-
what from one another and vary in different

species from almost exact mirror images to al-

most identical organs (Text-fig. 1), it is es-

sential to indicate which of the two hemipenes
is described. As a standard procedure we recom-
mend that descriptions of in situ organs be based

upon the left hemipenis, while the right organ

is to be used for description of the everted hemi-

penis. Since everted hemipenes can be prepared

only from freshly killed speiemens, the right

organ must be routinely and fully protruded be-

fore the snake is preserved.

Preparation

In Situ.—Much of the necessary information

may be gained from examination of museum
specimens in which the hemipenes have been

preserved in a retracted position. In fact Cope
(1895), Pope ( 1935), Bogert (1940) and Smith

(1943), use this method as their standard. For
proper observation, the ventral surface of the

tail is slit down or just off the mid-line from two
caudals behind the cloaca posteriorly for a dis-

tance of 20 or more caudals. The hemipenes will

be seen as soon as the integument and thin

muscle are separated away from them by spread-

ing the incision. Additional separation of tissue

will free the hemipenis from the surrounding
area. Once the organ is exposed it is cut along
its medial longitudinal surface and spread out
flat for study. Although a medial slit usually
avoids damage to the sulcus spermaticus, the
latter structure may on occasion be bisected.

For purposes of orientation the incision marks
the longitudinal axis of the medial surface of the
in situ hemipenis. The organ may be left in posi-
tion for general observation (Text-fig. 2A), al-

Text-fig. 2. Appearance of hemipenes: A. Viewed
as inverted organs after slitting the ventral wall of

the tail. B. Viewed as everted organs.
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though the m. retractor penis magnus usually

must be cut some distance posterior to the hemi-

penis. If the penis is to be described in detail or

used for illustration it should be removed from
the snake and pinned out flat on a board.

Everted—It must be recognized that the in-

formation taken from a dissected specimen is not

complete. The approximate length, the condi-

tion of the sulcus and the general features of

ornamentation are observable in situ. However,
the relationships of the various parts of the ir-

regularly cylindrical organ are difficult to de-

termine in the retracted state and it is practically

impossible to gain any idea as to the shape of

the hemipenis. For these reasons everted prepa-

rations are much to be preferred. As mentioned
above, the right hemipenis should be everted in

freshly killed specimens. Frequently, partial ex-

trusion may be accomplished by manual pressure

applied at the base of the ventral surface of the

tail, a short distance posterior to the anal open-

ing. Usually it is more effective to slit open the

ventral surface of the tail, cut the m. retractor

penis magnus and inject fluid into the blood sinus

at the base of the hemipenis so as to cause ever-

sion. It is sometimes useful to cut the everted

organ at its base, after it has been fixed in pre-

servative, and to tie the base off with a thread.

This latter procedure is not recommended until

the length and orientation of the organ have
been noted. The technique is most helpful if the

particular hemipenis is to be illustrated. Orten-

burger (1923) discusses the use of bees-wax and
paraffin in making everted preparations. Liquid
latex may also be used for injection into the

blood sinus. The preparator is warned that the

organ must be fully extended before fixation if

it is to be of any systematic value, otherwise the

important terminal structures will be hidden.
The difference between an everted organ and
one seen dissected in situ is striking (Text-fig.

2B).

Hemipenial Characters

The following account presents an outline of

systematic characters and a standardized term-

inology for description of the snake hemipenis.

Whenever possible reference is made to the oc-

currence of the different structural features in

the several families of serpents. For the sake of

convenience we employ the classification pro-

posed by Dowling (1959a), which recognizes

nine families: the Typhlopidae, Leptotyphlo-

pidae, Boidae, Anilidae, Xenopeltidae, Uropel-

tidae, Colubridae, Elapidae (includes the Hy-
drophiidae) and Viperidae (includes the Cro-
talidae). The hemipenes of the Typhlopidae and
Leptotyphlopidae are unknown, except for the

descriptions by Smith (1943, p. 43) for the

former, and by Bailey & Carvalho (1946, p. 5)

for the latter.

Points of Reference—The structures of the

hemipenis may be recorded with reference to

the caudal level. In practice there appears to be

little difference between in situ and everted or-

gans with regard to basic organization and the

general relation and position of significant parts.

The length of the organ, the point at which the

sulcus bifurcates or the hemipenis divides and

the exact extent of the various areas of orna-

mentation provide a number of useful systematic

characters. As an example in the colubrid

Atractus elaps, the base of the organ is covered

with small spines to the level of the fourth or

fifth caudal and with large spines from that

point to the level of sulcus division; flounces re-

place the spines at the sulcus division and ex-

tend to the apex of the organ; the sulcus sperma-

ticus bifurcates at the level of the eighth or

ninth caudal; the tip of the organ reaches to the

level of caudal 12 or 13.

Length—The length of the hemipenis is fre-

quently of significance in systematic discrimina-

tion and is recorded as previously indicated with

reference to a particular caudal level. While
there is obviously some variation to be expected

in such a membranous organ, depending upon
the degree to which the retractor muscles are

contracted, the variational range appears to be

less than 20 per cent, of the total length of the

organ. In most forms, the hemipenis rarely var-

ies more than two or three caudals in total

length. For example in the green ratsnake, Ela-

phe triaspis intermedia, the hemipenis is found
to extend posteriorly to caudal 25, 26, 27 or 28.

The range of variation is greatest in long hemi-
penes. Intergeneric variation is much greater. In

the African colubrid genera studied by Bogert

(1940), as an example, the hemipenis was found
to be as short as only three caudals in Psam-
mophis, while it terminated at the level of the

32nd caudal in Pseudaspis. The organ in other
African genera reached the following wide
variety of caudal levels: 4, 5, 6, 7, 8, 9, 10, 13,

14, 15, 16, 17, 18, 19, 20, 23, 24.

In addition to recording the length of the or-

gan it may also be useful to indicate the caudal
level at which the m. retractor penis magnus
divides in snakes with a double hemipenis and to

determine upon which vertebrae the m. retrac-

tor penis magnus and m. retractor penis parvus
originate.

Shape—Less information is presently avail-

able on hemipenial shape than on any other fea-

ture. Although certain aspects of the general

form of the hemipenis can be determined from
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Text-fig. 3. Hemipenial shapes:

A. Single subcylindrical organ

( Spalerosophis diadema, HGD
16). B. Single attenuate organ

(Psammophis sibilans, redrawn

from Bogert, 1940, fig. 14). C.

Single bulbous organ ( Spilotes

pullatus, HGD 199). D. Single

clavate organ (Charina bottae,

HGD 178). E. Bilobed organ

(Elaphe obsolete, HGD 202).

F. Divided organ ( Crotalus viri-

dis, HGD 187).

in situ preparations, the organ must be everted

for evaluation of the characteristics of shape.

The hemipenis may be single, bilobed or divided

in basic form. The single types are found in

some boids, some anilids, uropeltids, many colu-

brids and elapids. The single hemipenis is es-

sentially a modified cylinder, although its tip

may be asymmetric and irregular, and there is

no evidence of a division of the apex into two
parts. Some single organs are subcylindrical

(Text-fig. 3A), others are sharply tapering or

attenuate (Text-fig. 3B), bulbous (Text-fig. 3C),
or clavate (Text-fig. 3D).

Bilobed organs are those in which the hemi-
penis is divided only at the apex, for a distance

less than the length of the undivided basal seg-

ment (Text-fig. 3E). Bilobed hemipenes have
been described in the Boidae, Anilidae, Xenopel-
tidae, Colubridae, Elapidae and Viperidae. Di-

vided organs may be defined as hemipenes in

which the basal undivided portion is equal to,

or shorter than, the apical segments (Text-fig.

3F). Divided hemipenes are known from all

snake families having bilobed types, except for

the Anilidae and Xenopeltidae, and there is a

gradual gradation from divided into bilobed

types. Bilobed and divided organs may also be
subcylindrical, attenuate, bulbous or clavate in

form. In some species the organ is coiled or cir-

rate (Brain, 1959) and although this condition

is currently known only in forms with double

hemipenes, it seems likely that snakes with single

cirrate organs ultimately will be discovered.

Stull (1928) has figured and described several

species of the boid genus Tropidophis in which

the two lobes of an essentially divided hemipenis

are themselves divided to form a quadruple

organ with four apices. However, Schwartz &
Marsh (1960) recently have shown Stull to be

in error and no snakes are known to have this

condition.

Sulcus Spermaticus —The sulcus spermaticus

is a longitudinal groove on the outer surface of

the everted hemipenis which serves to transport

the spermatozoa from the male into the female

cloaca. The margins of the sulcus are usually

clearly marked by fleshy lips in in situ prepara-

tions. These lips lie on each side of the groove

and frequently contrast markedly with adjacent

areas of the hemipenis, although in some cases

they exhibit a degree of ornamentation. When
the organ is everted and becomes completely

swollen with fluid, the lips come to form the

walls of the sulcus and often are not visible on
the surface of the organ (Text-fig. 4).

The sulcus spermaticus may be either simple
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Text-fig. 4. Sulcus spermaticus structure: A. Simple oblique sulcus on single organ

(Lampropeltis calligaster, HGD 514). B. Bifurcate sulcus on single organ (Denisonia

superba, HGD 182). C. Bifurcate sulcus on bilobed organ (Heterodon platyrhinos,

HGD 512). D. Simple straight sulcus on bilobed organ (Natrix erythrogaster, HGD
517). E. Simple oblique sulcus on bilobed organ (Masticophis flagellum, HGD 38). F.

Bifurcate sulcus on divided organ (Agkistrodon contortrix, HGD 516).

or bifurcate in single (Text-figs. 4A-B) or in

bilobed hemipenes. When bifurcate on a bilobed

organ, one branch of the sulcus extends up
each lobe (Text-fig. 4C), but when the sulcus is

simple on such an organ it may extend to di-

rectly between the lobes (Text-fig. 4D) or up
one of the lobes to near its apex (Text-fig. 4E).

The sulcus is bifurcate in species with a divided

hcmipenis (Text-fig. 4F).

Hemipenes with a simple sulcus are definitely

known in only three families, the Anilidae, Uro-

peltidae and Colubridae, although Cope (1895,

pi. 15, fig. 3) indicates the occurrence of a

simple sulcus in one boa (Epicrates striatus)

.

Cope’s observations and plate probably are in

error since no other boid is known to have a

single sulcus and other members of the genus
Epicrates examined by us (see also Vellard,

1946) have a bifurcate sulcus (Text-fig. 5A). All

snake families so far investigated, except the

Uropeltidae, have representatives with a bifur-

cate sulcus. All members of the families Xeno-
peltidae, Elapidae and Viperidae, so far stud-

ied, have organs with a bifurcate sulcus. The
Boidae, with the questionable exception noted

above, also belong here.

Ornamentation—The majority of snakes have

hemipenes that are covered for most of their

length by specialized structural modifications.

Usually the extreme basal area is naked and in

some forms the entire organ lacks ornamenta-

tion (Text-fig. 3B). Naked organs of this gen-

eral type are known in the African colubrid

genera Malpolon (Domergue, 1955, pi. 24, fig.

4), Psammophis (Bogert, 1940, p. 80) and its

allies Cerastes, Dromophis, Hemirhagerrhis, Mi-

mophis and Rhamphiophis, and in Prosymna
(Schmidt, 1923, p. 89). Cope, 1895 (pi. 15, fig.

9) indicated that Calamaria has a naked organ,

but Pope (1935, p. 307) demonstrated that

Cope was in error. Most species of snakes have

hemipenes that are ornamented except basally.

Organs that have the major portion of the sul-

cate surface covered by a homogeneous and

uniform ornamentation are undifferentiated.

Those in which there are different kinds of orna-
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Text-fig. 5. Gross ornamentation: A. Flounced (Epicrates angulifer, HGD 180, not fully everted). B.

Calyculate (Opheodrys aestivus, HGD 20). C. Papillate (Leptophis mexicanus, HGD 66). D. Spinose

( Thamnophis radix, HGD 173).

mentation at different levels along the hemipenis

are differentiated.

The principal types of ornamentation are

flounces, calyces, papillae and spines. Flounces

are simple linear ridges or folds of tissue which

parallel one another and encircle the hemipenis

(Text-fig. 5A). Most boids, Xenopeltis and

some anilids, colubrids, elapids and viperids,

have flounced hemipenes. As suggested by Cope

(1895, pi. 14, figs. 2, 3, 5) flounces may be

either transverse or oblique (pinnate). Typical

colubrids and most elapids and viperids have a

calyculate (reticulate) organ covered with a

complex ornamentation of retiform ridges (Text-

fig. 5B). In other forms no flounces or calyces

are present and the hemipenis is covered with

small papillae (Text-fig. 5C). Other hemipenes

have an ornamentation of spines (Text-fig. 5D).
A relatively few forms have only a single kind of

ornamentation (undifferentiated) but more fre-

quently the hemipenis is covered with flounces,

calyces, papillae and spines in various regions

(differentiated) and in various combinations

(Text-figs. 4E, 5B, 6B).

Neither the flounces nor the calyces are sim-

ple structures but frequently show rather marked
differences in their finer structure (micro-orna-

mentation). In some instances the ridges are

smooth (PI. Ill, Fig. 5), scalloped (PI. Ill, Fig.

6, papillate (PI. Ill, Fig. 7) or spinulate (PI. Ill,

Fig. 8).

Although Cope (1895) described an addi-

tional kind of ornamentation, longitudinal folds

or plicae, we are convinced that his so-called

plicae are longitudinal folds of membranous
hemipenial tissue that disappear when the organ

is everted ( vide Dowling, 1959b, p. 2).

In addition to the ornamentation described

above, certain species have specialized basal

structures. In many forms the spines on the

proximal portion of the hemipenis are greatly

enlarged to form basal hooks (Text-fig. 5D).
Bogert ( 1940, p. 33, fig. 3) has described a large

fleshy basal lobe in the African natricine colu-

brid Neusterophis. Although he interpreted this

condition as representing an example of an

asymmetrical double organ, his illustration and

the relations of the retractor muscles suggest

that this is, instead, a true basal structure. Ex-

amination of the hemipenis shows the m. retrac-

tor penis magnus to be single, while the muscle

inserting on the basal lobe is the m. retractor

penis parvus. If this lobe were merely a reduced

segment of a divided hemipenis, the retractor

Text-fig. 6. Apical structure: A. Nude ( Natrix sipedon, HGD 515). B. Capitate ( Leptodeira septen-

trionalis, HGD 65). C. Disked (Erythrolamprus aesculapii, HGD 101). D. Awned (Tropidoclonion iinea-

tum, HGD 198).
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should be a divided portion of the m. retractor

penis magtius. Some snakes of the genus Atrac-

tus have what appears to be a third type of basal

ornamentation, a basal naked pocket. However,
no fully everted hemipenes of these snakes are

available, and the true appearance of this struc-

ture is not known.

Apical Differentiation.—The distal end of the

hemipenis in most serpents does not differ mark-

edly from adjacent areas in terms of ornamenta-

tion. However, in some forms, including species

with otherwise undifferentiated organs, there is

a sudden change in ornamentation near the

apex. Among certain species the tip of the hemi-

penis is without ornamentation or is nude, with

a clearly marked line of division between the

apex and more basal areas (Text-fig. 6A). A
number of forms have the apical region sharply

separated from the more basal portion by a deep

groove so that the apex is free and the organ is

capitate (Text-fig. 6B). Others have a flat term-

inal disk on the apex, with the disked area set

off from adjoining parts of the hemipenis by

raised lips (Text-fig. 60 . Some snakes are char-

acterized by having one or two elongate terminal

awns, which may project from the apex for a

considerable distance (Text-fig. 6D). All of

these kinds of apical differentiation are repre-

sented within the family Colubridae. Our knowl-

edge of the hemipenes of other serpents does not

permit any statement as to the possible occur-

rence of these structures in non-colubrid snakes.

Summary.—An adequate description of the

hemipenes of snakes may be based upon either

in situ or everted organs. The latter are much
to be preferred. It is further suggested that line

drawings of the organs are superior to photo-

graphs as a method of illustration for systematic

purposes. Finally, if only one view of the everted

hemipenis is used, illustration of the medial sur-

face, to show the sulcus, is essential. A descrip-

tion of the hemipenis will include data on the

following:

Length: longitudinal extent of organ, given

in terms of caudal level; possibly also the caudal

level at which m. retractor penis magnus divides

and the caudal vertebrae from which m. retrac-

tor penis magnus and m. retractor penis parvus

have their origins.

Shape: whether the organ is simple, bilobed,

or divided; whether it is subcylindrical. attenu-

ate, bulbous, clavate or cirrate.

Sulcus Spermaticus: whether simple or bifur-

cate, location of apical termination; point at

which sulcus divides as indicated by caudal level.

Ornamentation: whether the organ is naked

or ornamented; whether differentiated or undif-

ferentiated; if ornamented whether with flounces.

calyces, papillae or spines; if with flounces or

calyces whether the micro-ornamentation is

smooth, scalloped, papillate or spinulate; whether

there are basal hooks, a basal naked pocket or a

basal lobe; pattern and distribution of orna-

mented areas.

Apical Differentiation: whether the distal end

is nude or capitate; whether apex is provided

with a terminal disk or terminal awns.
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EXPLANATION OF THE PLATES

Plate I

Cross sections of hemipenes in retracted and ev-

erted conditions. Semidiagramatic illustrations indi-

cating the principal features of the hemipenes,

penial muscles and associated structures.

Fig. 1 . Cross section through tail region of Lam-
propeltis getulus at level of fourth caudal

vertebra, showing hemipenes in retracted

position.

Fig. 2. Cross section through everted hemipcnis

of Natrix erythrogaster.

Plate II

Longitudinal sections of tail and hemipenes in re-

tracted and everted conditions. Semidiagramatic il-

lustrations of the tail region of Lampropeltis getulus,

indicating principal structural features and the four

penial muscles.

Fig. 3. Left lateral view of parasagittal section

through retracted hemipenis and tail (sec-

tion to left of midline).

Fig. 4. Left lateral view of parasagittal section

through everted hemipenis and tail (sec-

tion to left of midline).

Plate III

Detailed drawings of sulcate surface of hemipenes,

showing types of micro-ornamentation.

Fig. 5. Loxoceinus bicolor (HGD 181), showing

smooth calyces.

Fig. 6. Epicrates angulifer (HGD 180), showing
scalloped flounces.

Fig. 7. Heterodon platyrhinos (HGD 512), show-

ing papillate calyces.

Fig. 8. Spalerosophis diadema (HGD 16), show-
ing spinulate calyces.
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Some Aspects of the Comparative Biology

of Parrot Fishes at Bermuda 1

Howard E. Winn

Department of Zoology, University of Maryland, College Park, Maryland

&

John E. Bardach

Department of Fisheries, University of Michigan, Ann Arbor, Michigan

(Plate I)

Introduction

Although parrot fishes are a conspicuous

element of the coral reef environment,

their biology is poorly known, with little

available on their behavior and ecology. This

paper presents data bearing on the species prob-

lem in Atlantic parrot fishes, as well as informa-

tion on algae on the teeth of certain members of

this group, social organization, home caves, the

mucous fold, reproductive season, spawning and
eggs. Most of the observations were made during
the summer of 1956 at Bermuda, and a few were
obtained at Bimini, Bahamas, by the first author
and at Puerto Rico by the second author.

It was demonstrated only recently that parrot

fishes are markedly sexually dimorphic (Winn &
Bardach, 1957). All of the species studied

showed a marked decrease in respiration when
they were resting and some species are then cov-
ered by a mucous envelope (Winn, 1955). Winn
& Bardach (1959) have presented evidence sug-

gesting that one of the functions of the mucous
envelope lies in the reduction of predation.

It is with sincere appreciation that we ac-

knowledge the cooperation of Dr. William Sut-

cliffe and the employees at the Bermuda Bio-

logical Station. Mr. Brunell Spurling of the

Station made the original observations on home
cave behavior of one species of parrot fish.

1 This study was supported by a National Science
Foundation Grant and is Contribution No. 262 of the
Bermuda Biological Station.

Genera, Species and Sexual Dichromatism

In a brief paper, Winn & Bardach (1957)

summarized the synonymies of the species of

Bermuda parrot fishes, based on different sexes.

Since then Schultz (1958) has published a broad

review of the parrot fishes of the world. This

serves as an excellent basis for a consideration

and clarification of parrot fish speciation and

biology. Some unrecognizable names can be

discarded and others properly placed. We follow

Schultz’s names with the exception of some
noted later.

The only genera of parrot fishes found in the

West Indies are Scorns, Sparisoma, Cryptotomus
and Nicholsina. Several characters may dis-

tinguish Sparisoma from Scarus in addition to

those mentioned by Schultz (1958). The eggs

of Scarus have a modified fusiform shape and
those of Sparisoma are nearly spherical (Plate

I). Species of Sparisoma are found in loosely

knit aggregations whereas species of Scarus tend

to form schools and more highly organized ag-

gregations. Goodrich & Hedenburg (1941)
demonstrated that Sparisoma has disc-shaped

chromatophores and Scarus has branched
chromatophores. Whether or not all of the above
traits will remain as generic distinctions awaits

the investigation of all species.

Our synonymies of Scarus croicensis (croi-

censis, the female and taeniopterus-punctulatus,

the male) and S. vetttla ( vetula

,

the male and
gnathodus, the female) were based upon be-

havior, sex and the effect of testosterone injec-

29
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tions (Winn & Bardach, 1957). More than 50
individuals of S. croicensis in the female color

pattern proved to be females, and more than 20
in the male color pattern proved to be males.

Four individuals, at about the size when they

transform into mature adults (90 to 130 mm. in

total length), were found to be males with the

female color pattern. Thirty-three functional fe-

males of S. vetula were in the female color phase,

and 31 functional males had the male color pat-

tern. Three individuals were mature males in

the female color phase with two of them near

the transformation size. It thus appears that

females and immature males have a similar color

pattern and that males assume the more poly-

chrome pattern at a certain stage of maturity,

presumably correlated with higher testosterone

levels. We also found that Sparisoma distinctum,

the female, was a synonym of aurofrenatum, the

male, on the basis of sex and observations of

their spawning together.

At the time we also concluded that Sparisoma
abildgaairdi, the female, was a synonym of viri-

dis, the male. Schultz (1958) apparently did not

accept this conclusion and kept the names sep-

arate. Our conclusion was based on the following

evidence: (1) all viridis examined were males
and all abildgaairdi were females; (2) only im-

mature stages of the abildgaairdi red color phase
and only large mature viridis males in their

bright green phase were observed; (3) during

the breeding season individuals of both color

phases were usually seen together in loose ag-

gregations and viridis frequently chased indi-

viduals of abildgaairdi but not other parrot fishes;

and (4) Longley & Hildebrand (1941) noted
that viridis has a spotted color phase similar to

that of abildgaairdi. We are now able to present

two more indications that these phases are the

sexual forms of one species. These are: five

abildgaairdi females implanted with testosterone

at the Marine Laboratory of the University of
Puerto Rico became greenish with a yellowish

opercular spot, orange around the mouth and
developed the tail pattern characteristic of the

viridis male; and several individuals observed
were intermediate in color between viridis and
abildgaairdi. The only problem that remains
slightly puzzling is the presence of ripe females

at Bermuda during June, July and August, at a

time when the males’ testes were not as large as

would be expected from the comparison with

other fishes. They were, however, enlarged and
mature.

Under the name Sparisoma chrysopterum,

Schultz (1958) svnonymized such forms as

squalidus and brachialis without mention of the

sexes involved. The form brachiale of Beebe &

Tee-Van (1933) is the adult male with an over-

all light blue color and rose-orange fins, while

the squalidus form, which is mottled grayish

with reddish-brown blotches along the side, is

the female. Injections of testosterone into indi-

viduals of the squalidus form caused them to

turn bluish like brachiale.

One specimen was caught at Bermuda that

was a ripe male and referable to Sparisoma axil-

laris, previously not recorded from Bermuda.

Practically nothing is known about this species

(Schultz, 1958).

The Mucous Envelope

Since Winn (1955) originally described par-

rot fishes covered with large and conspicuous

mucous folds around their bodies at night, it has

been possible to expand and verify most of these

observations, which were made at Bimini dur-

ing the summer of 1954.

Scarus croicensis and punctulatus, which have

since been synonymized (Winn & Bardach,

1957) were originally observed to form a mu-

cous fold. Subsequently laboratory observations

confirm the fact that this species forms the fold

at night during other seasons and places (Febru-

ary and March, 1955, at Bimini, and summer,

1956, at Bermuda). Individuals observed ranged

from 1.5 cm. to 34 cm. in total length.

It was not possible to verify the fact that

Scarus (Pseudoscarus) guacamaia regularly pro-

duced a mucous fold. More than 50 specimens,

ranging from several inches to two feet in length,

failed to form a mucous fold at night at Bimini

in February and March, 1955, and at Bermuda

in the summer of 1956. However, these fish did

produce a heavy secretion of mucous on handl-

ing and when operated on for other purposes,

and during the summer of 1959 two small in-

dividuals produced the fold for at least 48 hours

both in dark and in light. One specimen with

blue teeth was observed continuously for a week

and intermittently over a longer period (Winn,

1955). Black-and-white and color photographic

records were obtained of this specimen in its

mucous fold so that there can be no question as

to the validity of the observation. No other

species of parrot fish in the western North Atlan-

tic has blue teeth except a form referred to as

Scarus coelestinus. It is not definitely known,

however, whether this is a valid species or merely

a color phase of S. guacamaia. Whether or not

the original observation of envelope formation,

made at Bimini, was the result of an abnormal

situation or a confusion of species is unknown.

It is possible that the abnormal environment of

aquaria and concrete tanks prevents this species,

but not others, from secreting a normal fold.
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Underwater night observations would probably

be the best way to solve this problem. Individuals

of Scarus croicensis were observed to produce

the fold normally in their natural habitat (Winn,

1955).

Both male and female Scarus vetula produced

mucous folds in tanks at Bermuda, but with

some irregularity. Blinded individuals frequently

formed them during the day. It is possible that

this irregularity resulted from the relatively ab-

normal environment of aquaria or that the mu-
cous secretion is not quite as well developed as

in S. croicensis. More than 50 females, placed

in glass and concrete tanks, exhibited an “alarm”

or spotted color phase at all times which was not

the normal field pattern. Several individuals

placed in a very large glass and concrete display

tank in the Bermuda Aquarium at the Flatts,

Bermuda, immediately took on the usual striped

daytime color phase. Scarus coeruleus did not

secrete a fold at Bimini.

Species of the genus Sparisoma do not secrete

a mucous envelope. Many individuals of the fol-

lowing species have been observed both at

Bimini and Bermuda: Sparisoma aurofrenatum,
viridis, chrysopterum and radians. The observa-

tion of one individual of a species tentatively

identified as S. pachycephalum (actually S. ru-

bripinne, see Schultz, 1958) which supposedly
secreted a mucous fold under anoxic conditions

in company with three individuals of Scarus

croicensis (Winn, 1955) must now be con-

sidered either as an anomaly or a mistaken

observation. We did not recheck this species at

Bermuda.

Injections of a large number of substances

produced negative or conflicting results. At Bim-
ini, injections of atropine, pilocarpine, adrenalin

and acetylcholine with eserine first appeared to

produce the desired antagonistic effects, but

completely negative results were obtained after

repeated injections at Bermuda under similar

temperatures and reproductive condition. The
other materials injected were: sea water, distilled

water, physiological saline solution, ammonium
chloride solution, eserine salt, melanophore-

stimulating hormone and hydroxy-tryptamine.

Placement of fish into water of reduced salinity

also gave no definitive results.

Although the effects of standard physiological

preparations were equivocal, secretion of the

envelope at night and under stress suggests that

the process may be associated with a lowered

peripheral circulation and therefore a lowered

oxygen supply to the mucous-secreting cells.

Both reduced metabolism during “sleep” and

adrenaline-governed metabolism during stress

could evoke such circulatory adjustments. This

suggestion needs to be checked by experiments.

Algae on Teeth

Conspicuous growths of algae were present on

the teeth of some large specimens of Scarus

guacamaia and S. vetula. These were usually

more abundant at the corners of the mouth.

Such obvious growths were not observed in the

other species of parrot fishes. Dr. Randolph Tay-

lor of the University of Michigan identified the

species of algae involved as Cladophora sp.,

Ectocarpus sp. and an unidentified miscroscopic

alga.

There is a distinct possibility that the Ecto-

carpus, which made up the bulk of the growth,

is the same as that found on sea turtles. Isokawa

(1956) reported the presence of an unidentified

species of Ectocarpales growing on the surface

of the teeth of two Pacific parrot fishes, Callvo-

don ovifrons and Calotomus japonicus. He dem-
onstrated that the alga grew on the surface, into

the dentine and into the surrounding tissues.

Social Organization and Home Caves

A series of qualitative observations was made

on the social organization of parrot fishes. Pat-

terns of social behavior varied between genera

and within genera to some degree.

The sparisomids seemed to maintain them-

selves in loose aggregations and even individu-

ally at times. There was no apparent discrete

organization that could be discerned from ob-

servation. The green males of Sparisoma viridis

were frequently observed chasing the presumed

red females (formerly S. abildgaairdi ) but rarely

other fishes. This was also true of the other

species of sparisomids.

The scarid parrot fishes aggregated (or

schooled) together with a much closer relation

between individuals that varied somewhat

among species. Individuals of Scarus guacamaia

moved in large schools for feeding purposes.

They frequently could be seen close to shore

with their backs out of water during feeding.

These groups of mature individuals consisted

mostly of large females (24 inches total length

and larger) and smaller males. In a very gen-

eral way, they aggregated according to size, and

presumably age categories, viz., approximately

1.5 to 3 inches (total length), 6 to 14 inches, 14

to 20 inches, and 24 inches or larger, during the

summer. In Castle Harbor, Bermuda, three of

the four size groups, all of them consisting of

fish that were not mature, were seen commonly.

The larger, mature group was primarily ob-

served on the outer beaches.
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Scarus croicensis maintains itself in large

schools of usually 5 to 40 individuals, although

smaller or larger numbers may be more rarely

involved. These schools are distributed into size

groups as in S. guacamaia. There are four prim-

ary size groups, in August, as follows. The young
of less than 1 inch have then made their first

appearance and comprise one of them. Another
size group of fish primarily 2 to 3 inches long
aggregated, as did fish about 4 to 8 inches and
fish 10 to 14 inches long. Sizes varied somewhat
from place to place, which may be an indication

of either differential growth or differential time
of hatching. Maturity was reached variably in

the 3- to 4-inch long individuals. The smallest

of the matured fish were females. The group of

4 to 8 inches usually consisted of females with

one or two bright males. In 13 instances, an ob-
served group was comprised of one male and 10

to 15 females, once one male and three females,

four times two males and 10 to 15 females, and
once three males and 20 females. In two cases

of groups containing fish 10 to 14 inches long,

there was one male and two females. These
largest individuals were seen only rarely on the

outer reefs and then only singly or in groups of

two or three—a possible indication of their rela-

tive scarceness.

Scarus vetula occurred in aggregations of one
male and usually two, three or four females that

stayed together, at least during several hours of

observation. The data are as follows: one male
and two females were observed 1 1 times; one
male and three females were seen three times,

and one male and four females were seen nine

times. The fish did not actively swim together

in a school as did S. croicensis. They would stay

together in one general area, grazing along the

bottom, and might be separated by as much as

approximately 15 yards. Intrusions by individ-

uals of the same species from other groups were
rare, but when this happened a chase ensued.

Once, a large male chased two other males and
one female from the region of a coral head. In

another instance, a male impaled on the end of

a spear was followed by three females 15 to 22
yards to the edge of the boat. Another time, one
male approached another male with two fe-

males, and the latter male chased or trailed the

intruder at a distance of about 20 feet for more
than 300 feet. Bardach noted that there was no
apparent association between the non-breeding
males and females in Puerto Rico early in De-
cember, 1956. On the outer beaches of Bermuda,
a large male would occasionally travel in the

feeding aggregations of S. guacamaia and would
escape or go to a home cave with them.

The aggregations of the parrot fishes (Scarus

vetula and S. croicensis ) may be compared to

that of the cow-bull organization of some mam-
malian groups where a male leads a group of

females in a herd. In the case of parrot fishes,

there frequently seems to be a “suppressed”

male with the female color pattern, especially

in the aggregations of S. croicensis and rarely

in those of S. vetula. There seems little doubt

that these analogies in social organization repre-

sent similar methods in solving spatial problems

of reproduction among browsers which move
continuously.

A phenomenon of home caves occurs in S.

guacamaia. This was discovered by Brunell

Spurling of the Bermuda Biological Station when
he was faced with the problem of catching this

species. Individuals move out from certain ledges

or caves under the rocks, either along the shore-

line or in deeper water, to feed during the day.

Any disturbance causes them to swim rapidly, in

an escape reaction, directly to the cave where

they stay at night and when not feeding. Mr.

Spurling placed his seine between the feeding

area in the turtle grass beds of Castle Harbor
and the caves along the shoreline. The fish which
were feeding on these beds were then disturbed

and they swam directly into the net in front of

the cave holes. That this was a nonadaptable re-

action was shown by the fact that they “kept try-

ing to swim through the net,” and when the

seine was lifted like a gill-net, they usually did

not attempt to swim in any other direction. A
similar situation existed on the outer beaches ex-

cept that the caves were usually in deeper water.

This homing behavior was not found in any of

the other parrot fishes commonly observed, al-

though it could have occurred under situations

not readily observable.

The escape behavior of Sparisoma radians was
interesting in that the fish sometimes swam away
long distances, but frequently dashed a short

distance and then stopped by a clump of algae

or other plants. In this position they were dif-

ficult to see because of their spotted and striped

alarm color pattern which blended into the

background.

Reproduction and Eggs

All of the species observed in detail at Ber-

muda spawned during the months of June, July

and August (Scarus croicensis
, S. guacamaia, S.

vetula, Sparisoma chrysopterum, S. viridis, S.

aurofrenatum and S. radians)

.

At least some of

the males had running milt and most of the

females contained ripe or ovulated eggs. Adults

of S. croicensis were ripe in February and March
of 1955 at 21° to 25°C. and not ripe during

June, July and August of 1954 at Bimini, Ba-
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hamas. In December at Puerto Rico, S. vetula

was not in a breeding condition and a few fe-

males of S. croicensis were just becoming ripe.

Donald Erdman stated that he has collected ripe

eggs from S. radians in November at Puerto

Rico.

Immature individuals of Scams croicensis be-

came mature as males between 110 to 130 mm.
standard length and as females between 90 to

100 mm. Individuals of Scarus vetula became
mature as males at about 210 to 245 mm. and as

females around 210 to 220 mm., whereas those

of Sparisoma viridis became mature males at

160 to 200 mm. and the female matured at 163

mm. In most instances these data are based on 5

to 10 individuals.

On September 5 near North Rock, Sparisoma

aurofrenatum was observed spawning. The males

moved rapidly over a large area but always re-

mained in the same general region. They occa-

sionally stopped to nip at plants and coral. Two
males erected all their fins in a display near each

other. Sometimes when a male approached an-

other, one was chased away. One female came
up a few feet off the bottom when a male was
near her. Both then continued going towards the

surface as they rotated around and close to each

other. This rapid movement to the surface by a

female and a male while rapidly rotating was ob-

served twice more. In the latter two instances,

a white cloud came out from the pair near the

surface. A hand plankton net was swept through-

out the area where the white cloud appeared
within two minutes of its occurrence. Many eggs

of S. aurofrenatum were collected in the net. In

general, the females, singly or in groups up to

six, fed on the algae while staying close to the

bottom, whereas the males cruised singly over
a wide area containing a few to many females.

Several other times a female swam two to three

feet off the bottom, where she stayed until a

male joined her. They then moved rapidly to

the surface, tail down, in a gyrating motion.

Males were observed to display at each other

several other times when two came together.

From the observations on S. aurofrenatum, it

is clear that parrot fishes deposit pelagic eggs.

Although actual spawning was not seen in the

other species, their behavior during the spawn-
ing season seemed to indicate that they had sim-

ilar habits. The ripe eggs of S. croicensis mea-
sured from 2.4 to 2.6 mm. in length (10 eggs)

and were transparent with a yellow oil globule

(Plate I) ; those of S. guacamaia were 2.9 to 3.1

mm. and transparent; those of S. vetula were
2.8 to 2.9 mm. and transparent with a whitish oil

globule; those of S. aurofrenatum were 0.9 to

1.1 mm. and transparent with a yellow oil glo-

bule; those of S. chrysopterum measured 0.6 to

0.7 mm. and were transparent with a yellow oil

globule; and those of S. viridis were transparent

with an orange oil globule. Other slight differ-

ences between the eggs were noted but not with

enough regularity to consider them as character-

istic. As shown in Plate I, all the eggs of the

Scarus species were of a modified fusiform shape

while all the eggs of the Sparisoma species were

nearly spherical.

Summary

Differences in egg shape, chromatophores and

social organization are given as generic charac-

ters of Sparisoma and Scams. Various species of

parrot fishes are discussed in relation to sexual

dichromatism. Reasons are given for consider-

ing S. abildgaairdi, the female, as a synonym of

S. viridis, the male.

The formation of a mucous envelope is dis-

cussed and clarification and verification of the

species that produce it is considered.

The data are given concerning the growth of

algae on the teeth of Scarus guacamaia and S.

vetula.

The social organization of the various species

of parrot fishes is described. It varies from a

loose type of aggregation in the species of Spari-

soma to a more definitive school-like and “cow-

bull” organization in the species of Scarus. Scarus

guacamaia lives in home caves where it stays at

night and during the day when not feeding. In an

escape reaction, the fish returned to their caves

according to a set pattern.

Information is given on the reproductive sea-

sons. All common species of parrot fish in Ber-

muda breed during the summer. The reproduc-

tive habits of S. aurofrenatum are described in

which a male and female gyrate upwards to

spawn near the water surface. Descriptions of

the eggs of several parrot fishes are given.
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Explanation of the Plate

Eggs of some parrot fishes.

Fig. 1. A. Scarus guacamaia. B. Scams vetula.

C. Scarus croicensis.

Fig. 2. A. Sparisoma aurofrenatum. B. Spari-

soina viridis. C. Sparisoma chrysopterum.
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The Role of Juvenile Elk and Moose in the Social Dynamics

of Their Species

Margaret Altmann

Jackson Hole Biological Research Station, Moran, Wyoming

A nalysis of the social behavior patterns in

/\ wild, free-ranging ungulates has led to the

A. precognition of definite periods of stress

and readjustment in some animals. Among the
age groups studied under a long-range plan (Alt-
mann, 1958, 1959), the juveniles in elk and
moose were quite obviously such a problem
group. This study aims to point out the role of
these “in-between-agers” and their interactions

with the social order of their species.

As juveniles we designated the one-year-old
elk and the one-and-two-year-old moose of both
sexes. They are no longer accepted as calves, but
do not rate as yet as adults. The two particular

species under investigation were the wapiti, or
Wyoming elk (Cervus canadensis nelsoni), and
the Wyoming moose (Alces alces shirasi). The
behavior observations were carried out in the
Teton Wilderness area of Wyoming and in

Grand Teton National Park, respectively, main
ly over a period of three years (1956-58), but
supplemented by additional notes from a nine-
year period in the same area. The work was sup-
ported by grants in aid from the National Sci-
ence Foundation and the New York Zoological
Society. Our appreciation of the grants in aid and
of the kind encouragement by Dr. L. F. Clarke,
Research Station Director at Moran, Wyo-
ming, headquarters of the investigation, is here-
with expressed.

Observations of juvenile elk and moose over
the three-year (1956-58) period were made on
1,663 animals in 931 observation periods, vary-
ing in duration from 14 minutes to 4 hours.

Dawn and dusk hours provided the majority

of the observational material, but moonlight and

daytime records were also included in order to

get a balanced ethological picture.

The distance from the observed animal varied

from 12 feet (in hiding) to one and a half miles

(from lookout). The use of 7 X 50 light-weight

binoculars and of a 15- or 27-power B. & L. spot-

ting scope on a tripod provided the means of ac-

curate wide-held observation. In the study of

social situations involving “marginal” activity

of the juveniles, such equipment permitted long

range observations and yielded discoveries not

possible by a close-up stalk.

A graduate student assistant, Mr. James R.

Ruos, participated in some phases of the obser-

vations with great efficiency.

The two big game species selected for this

study have been previously shown to have strik-

ing differences in their social organization and

in their calf-raising patterns (Altmann, 1959).

The general dynamics of the elk and moose
groups have been presented elsewhere (Alt-

mann, 1952, 1956, 1959; Denniston, 1956;

Dodds, 1958).

This paper deals with the changes which the

individual animal, in particular the juvenile, has

to undergo in adaptation or in resistance to

group formation and dissolution.

As a rule, it appears at first to an observer

that there is great uniformity of expressions and
behavior reaction in all group individuals. With
more intense observation and effort, however,

one discovers more and more individual differ-

ences in morphology as well as in behavioral de-

tail. At the same time definite patterns of be-

havior become more apparent and allow the

recognition of trends. We are, even after twelve

years of work on such problems, still quite ab-

sorbed in finding species-specific and group-

specific behavior. But we are also fully aware of

many cases of “marginal behavior” and of non-
conformity and deviation in some animals.

Keeping careful tab on the non-conforming

individuals, we intend to investigate their oc-

curence and fate in individual case histories

against the background of their respective

groups.

35
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So far, it appears that the juvenile age class

exhibits more non-conforming behavior, but it

remains to be seen1 whether the aging or aged

wild ungulates equal or exceed them in this re-

spect.

An examination of juvenile behavior in moose
and elk must take into consideration the social

background and the typical calfhood experien-

ces in the development pattern of each species.

Moose Juveniles

In the moose, emergence from the calfhood

pattern has its beginning during the fall rutting

season. The calf’s dam comes in heat and joins

a bull moose, and the calf by her side is inte-

grated into the mating group. At this time, wean-
ing of the calf is in progress and its complete

isolation from other members of its own kind

is relaxed by its dam. The hardships of the first

winter follow and leave their mark on most
moose calves. Leadership and protection by the

cow appear to be still an essential requirement

tor the survival of the calf, even after weaning
is completed. The daily routine, feeding, rest,

shelter selection, defense and evasion activities

are determined by the cow moose for the weaned
calf all through the winter.

Then at the climax of the period of scarcity

and hardship in early spring, the heavily preg-

nant cow moose becomes gradually more and
more hostile toward her growing yearling, when
at close range. About 10 to 15 days before the

birth of the new calf the cow chases the yearling

from her side. Confusion is the first reaction of

the yearling to this new situation. Circling and
aimless drifting and irregular feeding are charac-

teristic, and it makes numerous attempts over

many days to rejoin its dam, by approach and by
following her footsteps again. When the yearling

eventually, after 12 to 25 frustrated attempts,

learns to stay at the “safe distance” from the dam
(200-300 feet), it continues nevertheless to par-

ticipate in her general movements and routine ac-

tivities. This is often done barely within sight; at

times beyond the visible distance, by scenting

and listening, This life “in the margin” is en-
dured by the majority of yearlings. Some juven-

ile moose of both sexes, however, do not remain
“in the margin” for long. They leave and stay

solitary or try to find an association with other

unattached moose, usually with older bulls.

Such a partnership with one or more elder moose
is frequently established by juvenile bulls—in

rare instances also by female yearlings. This

association is called a “satellite attachment” in

1 Our current research phase, on an N.I.M.H. grant,
deals with the role of aging and aged wild ungulates.

our study, since direction and type of activity are

determined by the older partner. Remarkable
tolerance and non-aggression characterize this

relationship in general. The satellite condition

appears to substitute for the dam-yearling at-

tachment and usually lasts all summer long, up
to the rutting time in September, when another

critical period arises for the juveniles.

During the pre-rutting period in August this

satellite moose relationship gradually undergoes

changes which lead to its deterioration. First

sign of tension between the older bulls and their

satellite partners is a tendency to mock fight and

tussle more intensively. This accompanies the

velvet-rubbing time, which in mature moose
bulls begins earlier (late August), in juveniles

later. Satellite groups running in single file over

extended areas (3-6 miles per day) were ob-

served at this stage of the pre-rut. Periods of

over-activity alternate with quiet browsing and
grazing in peaceful unity. The number of ani-

mals in such satellite groups is variable. Two
and three are found most frequently, but some
groups may contain five and up to nine members
on occasion. In the larger groups there is a

changing leadership role and no longtime group

cohesion, but the juveniles—the yearlings and
two-year-olds—do not play leading roles in such

groups. The tolerance of the bull moose toward

their satellites diminishes, and the spacing within

the still-persisting groups widens. On narrow
trails, passages or salt licks the juvenile stays

cautiously out of reach of mature bulls or waits

in cover until they have passed.

The end stage of the satellite relationship oc-

curs when the actual rut begins. The rutting bull

moose threatens or fights off all satellite attach-

ments. If former satellites are met, the rutting

bull moose will threaten them as if they were

strangers.

Another less frequently occurring form of

attachment in juvenile moose is the banding to-

gether of two to several immature animals, des-

ignated as “clubs” in this paper. “Clubs” differ

from the satellites in mode of violent, erratic

travel and in lack of steadiness and become
most conspicuous during the pre-rut.

By the end of August, with feeding conditions

at their best, the juveniles as well as the mature

moose are in supreme physical condition. It is

in those few weeks, preceding the actual rut-

ting period (September and October) that the

special behavior patterns of the pre-rut are evi-

dent in the juvenile moose. There is, no doubt, a

partial activation of the sex drive in both sexes,

but it is more intense in the juvenile males. The
young moose bulls are excitable, feed only in-

termittently and drive their club partners, irre-
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spective of their sex. Much tussling, kicking and
running in circles takes place. It is apparent that

an expression of the rutting drive at this time is

present in most well-developed juvenile moose,
as well as in those attached as satellites, or in sol-

itary and marginal positions. Increased restless-

ness and irritability are indicators of this

condition but its manifestation is more or less

suppressed or kept under control by the presence

of dominant, mature members of the species.

Remnants of this pre-rutting behavior, however,
can be found in various degrees of strength or

suppression.

The juvenile moose, living in “the margin,”

succeeds at times, after a number of weeks, in

reapproaching its dam and being tolerated for a

while. But the pre-rut and the onset of the rut-

ting period bring increased difficulties for the

immature moose of both sexes. If the juvenile

is a male, the threat of the bull moose will keep
him under stress and dislodge him again. If the

juvenile is a female, its own dam chases it from
the proximity of the bull and from the wallow
which is usually the focus of the cows’ attention

(Altmann, 1959). It was noticed in our obser-

vations that occasionally moose juveniles were
tolerated near the mating group, but this always
involved poorly developed yearlings, individu-

als of quiet and submissive behavior.

Elk Juveniles

The social situation of juvenile elk is also

characterized by critical periods of adjustment,

in which existing bonds are loosened and dis-

solved and new associations become necessary.

But the social organization of elk, with their

definite herd formation, modifies and reduces

the impact of such changes, at least for the fe-

male juvenile.

The elk cow-calf relationship is from the very

beginning, the day of birth, built upon a “spac-

ing basis.” For several weeks the calf is left

hidden for hours at a time, while the dam re-

joins the herd groups for grazing. Later, at

about 20 days of age, when the calf is following

the cow, it does so in a herd-integrated manner,
not “heeling” as closely as the moose calf fol-

lows its dam. When a disturbance of the herd
occurs, the cow often leaves the calf with other

group members, covering their retreat by a

special shielding maneuvre (Altmann, 1956)
which is also based on a spacing, not on a close-

ness, reaction.

In this way each elk yearling is from calfhood

on integrated as a member of a group (band)

or herd. As such it is not quite so dependent up-

on the close association with its own dam. Nev-
ertheless, the elk yearling attempts to gradually

weaken the barrier of distance established and
rigidly enforced by the cow at the birth of a

new calf. The opportunity to do this arises for

the yearling at times during the resumption of

the migration, as soon as the stationary pause

for calving is terminated. In most of the observed

cases the yearlings were not tolerated in the close

vicinity of the dam and the young calf. Two ex-

ceptional cases were noted in different years and
locations, when a yearling elk knelt down and
nursed an elk cow, who apparently had lost her

young calf. No obvious resistance to this nurs-

ing procedure was noticeable. One yearling was
a female (1951), the other a spike bull (1954).

As the high summer ranges get gradually dry-

er and the big nursery herds of elk begin to

break into smaller groups grazing in the second-

ary valley slopes and meadows toward the end of

August, the pre-rut of elk gets under way.

Distinctive changes in individual activity and

group structure become apparent. The big ma-

ture elk bulls are dispersed in the timbered areas

in order to rub the velvet off their antlers in

preparation for the rut. The yearling spike bulls

suddenly show greater activity and display overt

sexual behavior.

Driving, “tending,”2 mounting elk cows and

mock fighting among each other characterize

this “pre-rut pattern.” Actual mating does not

take place, since the cows are not yet in heat.

They are, in fact, most refractory to the advances

of the yearling bulls. Squealing, kicking and

bugling with a high-pitched, juvenile voice, the

yearling bulls create a veritable upheaval in the

small herds and by their behavior obviously

break up the routine of daily activities. Erratic

and incomplete as it appears, the sex behavior

of the juvenile elk has a number of characteris-

tics of the adult rutting pattern—the tending,

mounting, bugling, reduced feeding and in-

creased locomotion. The pre-rut lasts about

three weeks and then, with the reappearance of

the mature bulls from their timber hideouts, the

role of the spikes suddenly changes. In the most

emphatic manner the spikes are driven away
from the cow-calf groups by the harem-owning

bull elk. This change has all the indications of

psychological castration for the juvenile spikes.

In the rutting season the female juvenile elk

(yearling) does not have to leave her accus-

tomed group. There is, in contrast to the situa-

tion of the juvenile spike bull, no direct threat

and tension in store for her. Although subject

to the rather violent herding action of the harem
bull, the female elk yearling takes all her cues

2 Tending as defined by T. McHugh (1958), is the

close-up following of the cow by the bull.
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for feeding and resting, for moving and flight,

from her dam or its group. If the elk dam is “cut

out” of the harem by a rival bull elk, the female

yearling usually breaks out of the group also

and, like the calf, follows the dam into the new
harem. However, in all these actions the yearling

stays at least at the “critical distance” from the

dam as long as there is a calf present. In elk

harems there is no sign of female sex competi-

tion but the same group cohesion and compati-

bility prevail as at other seasons. This is in our
opinion an important factor which keeps the

groups intact and prevents dispersion, in spite

of wide spacing, which even the most vigilant

harem bull could not prevent.

For the yearling bulls (spikes), however, a

highly threatening situation arises with the onset

of the rutting season. Not only is the spike

chased out of his accustomed group by the now
domineering harem bull, but after leaving he

finds himself in a very insecure situation. In ad-

dition to well recognizable elk groups the juv-

enile now everywhere encounters roaming,

unattached bulls which are bugling and challen-

ging other males and searching for a breeding

chance or a rival. Fright builds up like a chain-

reaction in the spikes and the result is confused
drifting and, when exhausted, disregard of most
other normally-shown precautions against dan-

ger. Under the stress of fear from mature bulls

these juveniles will often act irrationally and, as I

have also shown previously (Altmann, 1956),
rather meet and follow a pack train or invade

a camp than face a bugling mature bull.

Winter Grouping
As the main rutting gradually draws to a close

and the mature males are spent, there is occas-

ionally a terminal expression or rutting behavior

in the juvenile elk and moose, but the general

regrouping of the elk and moose under the in-

fluence of the first severe winter weather and
dwindling food supplies obscures a clear mani-
festation. The fall migration in the elk and the

winter aggregation of the moose in the lower
river drainages permit the juveniles to rejoin the

others without danger. There is still, of course,

a “peck order” of sorts within the loose groups.

The juveniles rank low therein, almost always
below the last adult animal, but quiet yielding

and submission have taken the place of upheaval
and persecution. In a lowly, but as such well-

defined social rank, the juvenile elk and moose
spend the winter months.

Vocal communications play a limited role in

juvenile elk and moose. The spike elk bugle, or
try to bugle, during the pre-rut. Juvenile moose
in our experience are not vocal except for small
grunts of warning or anger when disturbed. Ju-

venile elk and moose use in gait, in posture and

in gesture the same signals as the adults and can

send as well as receive these signals. This is dif-

ferent from the situation at the calf age when
signals were practiced and executed but the

adults did not attach any significance to them.

For example, a band of elk cows would not be

alarmed by a calf in high stepping gait but

would immediately heed a yearling’s warning
gait by flight. Or, an adult moose would not

counter the aggression gesture (ears folded back,

head raised, mouth chewing) of a calf but would
without delay respond violently to a threat by a

yearling.

Play among juvenile elk is frequently seen,

particularly in the pre-rut. Running, flight and

fight games with adults and often with older

calves in shallow water or in meadows are a

regular elk activity on summer evenings.

In salt licks or in other critical areas of limi-

ted space the juveniles have to yield to the higher

social rank of adults and even to the calves, who
rank with their respective dams.

During most of the year the juvenile moose

and elk are not aggressive, but this can be rap-

idly changed under special conditions. Such is

the case in juvenile moose in deep, non-bearing

snow cover, as shown also by Pruitt (1960) , or in

fence enclosures when the “cornered” animal at-

temps to fight its way out by attacking man or

any other species in its way. The aggressive

mood and intention of the juveniles is always

clearly recognizable by folded-back ears, chew-

ing, salivation and rising hair on hump and neck

region, slow lifting of front feet and stamping

of the ground a few times, as in adult animals.

Striking is done with the forefeet in quick, drum-

like barrages, often from above while rising on
the hindfeet.

In considering the tense situation of the juve-

nile moose and elk and the condition of stress

during many months, one cannot be surprised

to find that this age group actually has heavy

mortality losses (Peterson, 1955). The exact

extent of the juvenile mortality rate is quite fre-

quently obscured by difficulties in counting and

recognition of juveniles in aerial and other

counts.

The difficulties in social adjustment become
more crucial when physiological burdens of

malnutrition and parasitism during the winter

months are added to lower the vitality of juve-

niles.

Toward the end of winter the majority of the

observed juveniles, in particular the young
moose, appeared very emaciated and ragged,

but those who survived recovered in a remark-
ably short time. Healthy weight gain and glossy
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appearance of the pelage were reached usually

within 6 to 7 weeks.

In the year following their problem age as

juveniles, the elk and moose very gradually, but

not completely, reach the social status of young

adults. To a varying degree this new situation

frees them from the handicaps of the juvenile

status, but a close observer may still notice the

traces of last year’s social difficulties in the crit-

ical period of the rutting season and in other

competitive situations.

Summary

Among the age groups studied under a long-

range plan concerning free-ranging wild ungu-

lates, the juveniles in elk ( Cervus canadensis

nelsoni ) and moose (A Ices alces shirasi ) were

obviously a problem group. The role of these

juveniles and their interaction with the social

order of their species is investigated.

The juvenile moose undergoes a critical period

when its dam chases it from its side before the

birth of the new calf. Various difficulties in

adaptation to the new situation for the juvenile

are shown, among them its role as a satellite to

adult males, the life in the margin and the for-

mation of juvenile clubs.

After a brief flare-up of juvenile rutting be-

havior in the so-called “pre-rut” period, further

stress situations are faced by elk and moose
juveniles in the fall rutting season of their dams,
when young males are driven out by the mature
bulls, and females (moose only) have to cope
with hostility of mature cows.

Differences in social structure between moose
and elk groups are shown to affect the role of

the juveniles. In general the results point to the

role of the juveniles as a rejected and most erra-

tic, non-conforming age group.

Accumulative effects of poor winter nutrition,

parasitic infestation, and difficulties in social

adjustment bring about a lowering of vitality of

elk and moose juveniles toward the end of the

winter.

The surviving juveniles, however, regain

weight and health in early summer at a fast rate.

Integration into adult social status is gradual

with a variety of drawbacks, in particular during

the next rutting season.
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Distribution and Status of the Mountain Gorilla

( Gorilla gorilla beringei)— 1959
1

John T. Emlen, Jr., & George B. Schaller

Department of Zoology, University of Wisconsin, Madison, Wis.

(Text-figures 1-5)

THIS report describes the results of a

survey of the distribution of the Mountain
or Eastern Gorilla ( Gorilla gorilla ber-

ingei) as defined by Coolidge (1929) through-

out the extent of its geographic range in the

Kivu and Oriental Provinces of the Belgian

Congo and the Kigezi District of Uganda. No
attempt is made to review the literature or to

summarize the data from museum specimens.

The objective is to construct as complete a pic-

ture as possible of the distribution and status

of these animals as of 1959. To this end his-

torical records are included only as they shed

light on the current situation.

The survey in its over-all objectives included

comparisons of behavior and adaptations in

various parts of the range and was organized as

the first stage of a systematic study of the life

history and ecology of the Mountain Gorilla.

These latter aspects of the study are currently

being pursued and will be reported at a later date.

The survey extended from early March to the

end of July, 1959. Approximately four weeks

were spent in the Birunga Volcano area, two in

the Kayonza (Impenetrable) Forest of Uganda,

two in the Lubero region west of Lake Edward,
two in the Lake Kivu-Mt. Kahuzi country, two
in the southern region bordering Lake Tangan-
yika and three in the broad equatorial forest

west of the Rift Escarpment. Time did not per-

mit a visit to the northern region which is

largely inaccessible by road. Most of the survey

work was done on foot in the first two regions

and by car in the others.

•A supplement containing regional maps and tables

summarizing the raw data and a list of authorities and
references is available on request from the senior author.

The study was conducted under the sponsor-

ship of the New York Zoological Society with

funds partly from the Society and partly from

a grant by the National Science Foundation.

Full cooperation, including the provision of

housing facilities and guides and the granting of

permission to visit restricted areas, was tendered

by the Institute of National Parks of the Belgian

Congo. Helpful assistance was extended by the

Institute for Scientific Research in Central

Africa (I. R. S. A. C.) and the Uganda Game
Department. Technical cooperation was offered

by these organizations, by staff members of the

Medical School of Makerere College, the

Uganda Agricultural Research Station at Ka-

wanda, the Virus Research Laboratory at En-

tebbe and the National Institute for Agronomic
Research in the Congo (I. N. E. A. C.).

The list of persons whose assistance should be

acknowledged is too long to be included in its

entirety. A partial list is included as an appendix

to this report.

Procedure and Methods

The data for this report are based, in the last

analysis, on current observations in each area as

recorded personally or as communicated directly

to us by residents and visitors. The procedure fol-

lowed may be considered as falling into three

steps: (1) general reconnaissance of the whole

region, (2) local reconnaissance and (3) on-the-

spot checking of details.

The general reconnaissance was accom-

plished by examining reports and by interview-

ing government officials, prospectors, travelling

missionaries and others. Published reports of

early expeditions and surveys were also ex-

amined and a considerable correspondence was

41
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established with experienced residents in all

parts of the region. The information so as-

sembled was useful in obtaining a preliminary

picture of the outlines of distribution and a

basis for intensive local work.

Local reconnaissance, the second step in the

survey procedure, was accomplished largely

through interviews with local administrators and

regional native chiefs. European settlers were

also visited as encountered or were deliberately

sought out when reported to have pertinent ex-

perience or information. Their reports were

often quite specific and detailed, but more often

required further checking at the local level.

Many of these people were able to call in natives

from various parts of their regions to supple-

ment, confirm or refute their reports.

Local checking of details was done personally

on foot or by interviewing native residents.

More than 400 local natives and native groups

were interviewed. Workmen in the small road

maintenance crews scattered every few kilo-

meters along the Congo forest roads were gen-

erally well acquainted with conditions for sev-

eral miles around their semi-permanent camps
and proved to be one of our best sources of

information. The elders of the small roadside

villages also provided much helpful information.

We usually stopped our car at a central point

in a village and within a few minutes were sur-

rounded by a few to 20 or more men eager to

pool their knowledge of gorilla distribution and
gorilla history in the immediate vicinity. Most
of the reports were negative and these were, of

course, as important as positive reports for chart-

ing the details of gorilla distribution. We re-

peatedly checked the accuracy of positive re-

ports by challenging the informants to show us

the evidence. Without exception they were able

to do so.

Personal observations of gorillas and gorilla

spoor were made whenever possible. In the

Lubero and Uganda border regions personal ob-

servations provided the bulk of the data. In the

other regions we personally checked at sample

points and particularly where we had reason to

question a reported occurrence. A foot transect

was also used to cover a broad, roadless and rel-

atively unknown area of equatorial forest in the

western region. Except when we were led to

known sites by locally experienced natives, the

procedure was to follow trails as available into

the heart of the area, then strike out in a straight

line with a compass, looking for all beds, drop-

pings, trails and other traces of gorilla activity

and obtaining a crude quantitative index of the

incidence of such traces per hour or mile of

transect.

Data were recorded on the best large-scale

maps available for each region (1:50,000,

1:200,000 or 1:500,000) and subsequently

transcribed to a standard base (1:500,000, C.

N. Ki, 1958) from which the distribution maps
(Text-figs. 1 and 3) accompanying this report

were prepared. A sample larger scale map is

presented in Text-fig. 2.

Geographical Distribution

The range of the Mountain Gorilla extends

from the equator south to about 4° 20' south

latitude, a distance of about 300 miles, and from

longitude 26° 30' east to the west escarpment of

the Rift Valley at about 29° east longitude, with

a small extension into mountain forests of the

Valley floor north of Lake Kivu, an east-west

distance of slightly more than 200 miles (Text-

fig. 1). It is in the form of a triangle with its

points near Lubutu on the northwest, Lubero on
the northeast and Fizi on the south and covers

an area of about 35,000 square miles. The boun-

daries are quite distinct along the east and south-

west fronts, and no records of stragglers were

encountered beyond these limits in fairly inten-

sive surveys. We unfortunately have very little

detailed information on the north boundary,

however, and there may well be additional pock-

ets in the Maiko Valley and westward toward
Ponthierville.

Within the borders of this range, most of the

gorillas are concentrated in about 60 more or less

isolated tracts of 10 to 120 square miles each

(solid black areas in Text-fig. 1 ) ,
separated from

each other by distances of 2 to 30 miles. Thus
the area occupied by substantial populations is

only about 1,900 square miles, or 5Vz per cent,

of the total area of the range.

A block of about 6,500 square miles in the

western region between the Lowa and the Lu-

gula Rivers (hatched areas in Text-fig. 1 ) appar-

ently contains a relatively sparse but uniform

population of wandering troops and individuals.

The vast stretches of forest between and around

these populated areas are essentially unoccupied

except for stragglers—single adult or sub-adult

males or occasionally small groups which leave

the troops to live solitary lives as much as 20

miles from the nearest colony. Such animals are

encountered at irregular intervals and in a var-

iety of situations, sometimes establishing them-

selves for considerable periods of time near

farms or native villages.

Numerical Status

Although we have very inadequate data for

estimating the numbers of gorillas present within

the range described above, there is a legitimate
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TEXT-riG. 1. Geographic distribution of the Mountain Gorilla— 1959. The
sixty black areas indicate the location and approximate shape of sixty “gorilla

areas” ranging in size from about 10 to about 100 square miles each. The
small dots indicate records of stragglers outside of these areas. The hatching

marks a central region of fairly continuous but sparse population. (Detailed

maps and tables presenting a summary of the raw data on which the map is

constructed may be had from the senior author on request. A sample map of

this type is presented in Text-fig. 2).

demand for quantitative information on this rare

and localized animal which should not be disre-

garded. We therefore submit the following data

with the warning that the conclusions are ex-

tremely tenuous.

Intensive surveys of local gorilla populations

were conducted on five plots in three areas in the

northeastern part of the range. It was hoped

that these surveys would provide indications of

population densities in these areas. We found,

however, that, because of the wandering habits

of the gorilla, a survey conducted on a plot of 5

to 1 0 square miles over a period of a few weeks

may be quite atypical of even the local situation.

On one 10-square-mile plot, for instance, the

population was known to have nearly quadru-
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Text-fig. 2. Details of the geographic distribution of the Mountain Gorilla

in the Lubero Region (a sample of the regional maps from which the general

map in Text-fig. 1 is constructed). Encircled numbers indicate the locations

of specific records reported to us; large circular spots indicate the location of

personal observations of gorillas or gorilla spoor; plus signs show where
gorillas were reported to be present but without specific observations recorded.

Dashed lines indicate routes travelled by car; dotted lines are those traversed

on foot. Short bars at the side of the routes mark the places where local

natives were interviewed.

pled through immigration shortly after our

twenty-day survey was completed; on another,

six days of intensive work over four of the six

square miles revealed no fresh sign; then two
troops were discovered together at the western

end of the plot. Taking all factors into considera-

tion we estimate that population densities in these

areas generally averaged somewhere between

one and five animals per square mile. Higher

levels were encountered, but these were thought

to represent temporary concentrations.

Calculations based on predation statistics pro-

vided another independent source of informa-

tion on population size in the Lubero region

where gorillas, coming close to villages or raiding

native gardens, are commonly hunted with
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spears. Data from the three hospitals serving

this region showed an average of five cases of

gorilla injury treated per year, all apparently

the victims of counter-attacking gorillas. Hos-
pital attendants and others estimated that this

indicated an actual incidence of at least 10 in-

juries (half not reporting for treatment) per

year. They and two patients who had sustained

leg injuries also agreed that the number of raids

organized against gorillas each year was con-
siderably greater than the number of injuries,

and that most of these raids were pressed until

the offending gorilla was killed. Animals which
inflicted injury, in particular, were marked for

further raids of attrition and rarely escaped with

their lives. Although these calculations are very

crude, the figures suggest a slaughter of at least

20 and perhaps more than twice that number of
gorillas in this 110-square-mile area every year.

The large number of fairly fresh gorilla skulls

( 14) which we saw in the villages is further evi-

dence of such a slaughter. While we still know
very little about the population dynamics of
these slow-reproducing animals, the population
level required for survival and maintenance un-
der this type of predation pressure must be of
the same order of magnitude as that indicated in

the plot surveys.

Comparisons of population level in different

parts of the range were essayed by indices based
on the number of bed sites, droppings or feeding
areas encountered per mile or per hour of trail-

less foot transect. Unfortunately conditions of
vegetation varied so greatly that direct compar-
isons of figures are of little value. For instance,

beds were more easily seen in bamboo forests

where the animals generally built 8 to 10 feet off

the ground than they were in the broad-leaf for-

est where most of them bedded on the surface.
Tallies of droppings were also difficult to equate
because of marked differences in the density of
concealing ground cover. Thus, the relative abun-
dance of gorillas in different parts of the range
could only be crudely estimated by a subjective
appraisal of all available evidence. Such evi-
dence suggests that the densities in the lowland
areas to the west are, in general, similar to those
on the more intensively studied survey plots in
the northeast sector.

If we accept the rough figures and estimates
presented above, the total population of Moun-
tain Gorillas probably lies somewhere between
3,000 and 15,000 individuals.

Ecological Distribution

Although the range of the Mountain Gorilla
is small, it possesses considerable ecological
diversity. Gorillas are found at altitudes ranging

from 1,600 feet on the Lowa River above Kima
to over 13,000 feet near the summit of Mt.

Muhavura in the Birunga Volcanoes. Frosts

occur frequently on the higher slopes of the

volcanoes while temperatures are decidedly trop-

ical in the areas west and south of Walikale. The
topography is notably rugged along the eastern

front from Lubero to Fizi but becomes quite flat

in many parts of the western region. Gorillas

seemed to favor steep slopes and were charac-

teristically associated with the hillier sections

where there was a choice. In the precipitous

mountains of the Rift gorillas often frequented

slopes very difficult for us to negotiate in follow-

ing them.

Vegetation is of major importance in gorilla

distribution. The animal’s range lies wholly with-

in the forest zone though extending to its very

edge as it borders on the grasslands or plains

to the east and the savannah-woodlands to the

south. Keay (1959) recognizes two major forest

types in this area, the boundaries of which are

shown, together with the gorilla distribution

data, in Text-fig. 3. Of the 60 gorilla concentra-

tion areas plotted on this map, 25 are located

in forests classified by Keay as belonging to the

Montane Forest Communities, and 35 in the

Equatorial Forest or “Evergreen Forest of Low
and Middle Altitudes.” There are no obvious

indications of preference for one or the other

of these two types in our data except in the

southern region where range extension is great-

est in the Montane Forest zone.

I. Montane Forest Communities

Montane Forests can be divided into a num-
ber of subtypes with irregular and interdigitating

distributions (Keay, op. cit.; Lebrun, 1935;

Robyns, 1948), four of which are utilized exten-

sively by gorillas. Each of these, in turn, has dis-

tinctive serai stages of regeneration. The perti-

nent sub-types of the “Montane Forest Commu-
nities” are listed and described below together

with comments on their utilization bv gorillas:

(a) Bamboo Forests.—Pure stands of bamboo
such as those found in the Volcanoes are char-

acterized by a dense though shallow and rather

translucent canopy 20 to 25 feet above the

ground, roofing an essentially open subcanopy
and supported by an abundance of irregularly

clustered subvertical stems. The shrub and
ground strata are sparse and low or completely

absent (Text-fig. 4a). Bamboo forest is a prom-
inent type at altitudes of 7,000 to 9,000 ft. in

the Lubero and Birunga Volcano regions and
locally elsewhere, forming pure stands or mix-

tures with various low broad-leafed trees. It

supplies food and shelter for gorillas but is util-
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Text-fig. 3. Distribution of the Mountain Gorilla with respect to vegeta-

tion types. The indicated boundaries of the Equatorial Forest and the “Mon-
tane Forest Communities” are taken in substance from the new UNESCO
map (Keay, 1959), refined in some details on the basis of large-scale local

maps and personal observation.

ized extensively only in mixed stands and along

borders.

(b) Montane Scrub Forest.—The low forest

above the bamboo zone in the eastern part of

the Volcanoes is a mosaic of rather dense 20-,

15- and 10-foot leafy canopies interspersed with

open patches of three-foot sedges and herbs

(Text-fig. 4b). Scrub forests of this general physi-

ognomy are found irregularly distributed at alti-

tudes of about 10,000 feet along the Rift ridge

and on the Birunga Volcanoes. Gorillas occur

sporadically in these forests wherever tall herbs

are prominent in the understory.

(c) Hagenia Woodland.—In its best form in

the central part of the Birunga Volcanoes, this

type presents a rather dense but incomplete can-

opy 40 to 50 feet in height supported by heavy,

sub-horizontal, epiphyte-covered branches. The
subcanopy is quite open, especially under pure

stands. Sufficient light penetrates to suport a
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Text-fig. 4. Schematic diagrams depicting the height, cover and stratification characteristics of the five

principal vegetation types utilized by Mountain Gorillas. Heights are in feet; foliage density is indi-

cated by intensity of shading. In general, the best gorilla habitats are those which have the rankest herb

stratum. The diagrams depict conditions in mature stands. For verbal description and gorilla utiliza-

tion see text.

luxurious and almost continuous stratum of

herbs about five feet tall (Text-fig. 4c). This

type is largely confined to the Birunga Volcan-

oes, but the two dominant tree species also oc-

cur in mixtures with other Montane evergreens

to produce stands intermediate between this and

type d. It is excellent gorilla habitat.

(d) Montane Evergreen Forest.—Apparently

mature stands of this type along the ridge of the

Rift Escarpment as at Mulenge have an incom-

plete upper canopy 80 to 120 feet high and sev-

eral indistinctly defined lower canopies. Epiphy-

tes are quite numerous. The herb-shrub stratum

is sparse and low where the tree canopy is con-

tinuous but quite dense under breaks in the can-

opy (Text-fig. 4d). This type seems to be best

represented in the Mwenga-Fizi region but

is also found in the Kahuzi, Lubero and Kayonza
Forest areas.2 It tends to be quite irregular on
rough topography with highest canopies on the

gentler slopes and a low, more continuous can-

opy on the ridges. It is rather inferior as gorilla

2These tall forests are at times transitional with equa-
torial forests and some have been classified as such. At
higher altitudes they are shorter and with more epiphytes

and fewer lianas.

habitat except along edges and where regenera-

ting.

The three gorilla troops whose activities and

movements we followed in the Birunga Volcano

area all wandered back and forth between sev-

eral forest subtypes. Because of the patchy

nature of forest distribution in these areas it

seems unlikely that any gorilla troops are con-

fined to a single type. In the less varied forests

of the Rift rim and the Kayonza forest, how-

ever, many animals must live entirely within

the Montane Evergreen Forest type, its serai

stages and the bordering areas of elephant grass,

bracken and tree fern.

II. Equatorial Forest

Mature equatorial forests are said to be quite

uniform in physiognomy throughout their broad

range west of the Rift Escarpment. Very little

mature forest remains, however, and the various

serai stages of regeneration form an intricate

and irregular mosaic throughout the region.

Selected stages in this regeneration process are

described below with comments on their utiliz-

ation by gorillas. The diagrams in Text-fig. 5

are merely subjective evaluations of conditions

and are not based on specific data.
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Text-fig. 5. Schematic diagrams depicting the physiognomic characteristics of five serai stages in

the recovery of equatorial forest following a clearing for banana cultivation. Times given are very

approximate.

Newly Cleared Field.—Equatorial forests are

characteristically cleared for cultivation in a

crude and incomplete manner with simple hand
tools and fire. A field is generally irregular in

shape and a few acres in extent, with a scattering

of hardwood trees and “Spirit” trees left uncut.

Stumps six to eight feet high are left standing,

and the ground remains strewn with half-burned

fallen logs. Plantings of manioc or rice and
bananas are made almost immediately in shal-

lowly turned soil. Gorillas are often seen at the

edges of newly cleared fields and may briefly

wander into them.

(a) At One Year.—Banana plants reach their

full height of about 20 feet in a year and are

harvested at about that time. They form a rather

dense but irregularly broken canopy down to the

ten-foot level. Herbs and vines form a substrat-

um from this point to the ground (Text-fig. 5a).

Gorillas visit such stands for food (banana stems

and various other herbs) but retire to bigger

timber for resting and sleeping.

(b) At Three Years.—After a few years the

bananas which remain and the new ones which
have sprung from the rootstocks of the originals

are gradually choked out by second growth
trees, vines and shrubs. The whole makes a dense

tangled mass, but a partially open subcanopy is

usually present under the taller trees (Text-fig.

5b). This is excellent gorilla feeding habitat.

(c) At Fifteen Years.—'The second growth

Musanga trees are now 40 to 50 feet tall and

produce a rather thin canopy of big leaves over

an open subcanopy.3 Young specimens of more
durable species of trees form an incomplete

second story of 10 to 20 per cent. The herb

stratum is luxurious and about five to six feet

tall (Text-fig. 5c). Gorilla utilization is now de-

clining, but much food remains and the domin-
ant Musangas provide both food and favored

bedding situations.

(d) At Fifty Years. In many parts of the

Kivu Province, the demands for agricultural

land force a recutting of regenerating forests

every 10 or 20 years. In more inaccessible areas

away from settlements and roads, however,

older forests are found which show signs of im-

maturity presumably related to land clearing

activities in early times. These forests may have

upper canopies 100 or more feet high, but in-

complete and uneven. There is also a large num-

3According to Ross (1954). the life span of this tree

is about 15 to 20 years.
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ber of younger trees pushing up through the

subcanopy, and, importantly, a definite lower

stratum of herbs and ferns (Text-fig. 5d). Go-
rillas find considerable food in this herb stratum.

(e) Mature Equatorial Forest. — A mature

equatorial forest in the central Kivu Province has

a nearly complete canopy 120 to 180 feet high

and a rather even, thinly foliaged subcanopy,

sometimes vaguely divisible into several strata,

extending down to the ground. Herbaceous and

ground vegetation is very sparse or absent (Text-

fig. 5e). The mature forest, presumably because

of the scarcity of food materials near the ground

level, is sparsely inhabited by gorillas.

Gorilla distribution in the equatorial forest

region is determined to a considerable extent

by the amount and distribution of patches of

regenerating forest. The optimum situation is

provided by a mosaic of old fields in various

stages of regeneration.

Distributional Dynamics

An examination of the maps in Text-figs. 1

& 3 shows that many of the larger population

units are located flush against prominent physi-

cal barriers such as rivers, escarpments and for-

est boundaries. The Lugulu River north of Sha-

bunda, the Luka and Lowa Rivers west of

Walikale and the eastern forest boundary from

Fizi to Lubero are examples. The impression

suggested by this situation is that there has been

a centrifugal expansion from one or more cen-

ters, a piling up of animals against certain major

barriers, and perhaps a partial evacuation of

large tracts near the centers.

Range Boundaries.—The factors limiting dis-

persal at the north, east, south and west boun-

daries each present special problems. A problem

of the northern region is the bridging or cir-

cumventing of the Oso-Lowa River barrier. We
incline to the theory that the region above this

barrier was invaded from the south, but regard-

less of the direction of movement the problem of

a crossing remains to be explained. The gorilla

is notoriously shy of water4 and a direct fording

or rafting of this formidable river system west

of the vicinity of Masisi is unlikely under con-

ditions resembling those which prevail today.

Either the penetration was made during an
ancient interpluvial period of low water or was
accomplished near the headwaters. This second
possibility presents other difficulties associated

with the crossing of expanses of what is now
open grassland, but is supported by the presence

4In driving animals into capture nets C. Cordier could
not force gorillas to cross streams more than 15 or 20
feet wide and two or three feet deep.

of isolated colonies on forested “islands” in the

Rift valley floor. It suggests passage during a

pluvial period with expanded forest boundaries.

The eastern boundary of the range is nicely

demarcated by the Rift Escarpment along much
of its length (Text-fig. 3 ) . The absence of gorillas

in the broad tongues of montane grassland which
extend up over the rim north and south of Lake
Kivu, however, indicate that the actual effective

barrier is not the escarpment itself, but the forest-

grassland boundary. As already noted, two pop-

ulations have penetrated this barrier and estab-

lished themselves on montane-forest “islands”

in the predominantly grass-covered valley floor.

The crossing to the eastern volcano area was
probably by way of irregular forest bridges on

Mts. Nyamuragira and Nyiragongo, presumably

in pluvial times. The population in the Kayonza
Forest to the north probably arrived there by
way of the volcanoes. The Semliki Plains appar-

ently have constituted an effective barrier to

dispersal into the Ruwenzori forests east of Lub-
ero.

The southward extension of gorillas into the

Mwenga-Fizi region probably occurred near the

headwaters of the Lugulu and Ulindi Rivers.

It is interesting and perhaps significant that this

southernmost arm of gorilla range lies entirely

within the montane forest zone. The fragmented

nature of the populations in this region and the

small size of the units may be related to the

highly irregular topography and vegetation.

We have no explanations or worthy specula-

tions on the limiting factors of the western boun-

dary from the Lugulu River to the Maiko. Alti-

tudes become progressively lower, prevailing

temperatures higher and agricultural operations

more intensive, but none of these conditions

seem adequate to explain the abrupt discontinua-

tion of gorilla populations short of the Lualaba
River.

The occurrence of a separate population of

gorillas (G. g. gorilla) in the Cameroons and

Gabon 1,000 miles to the west is evidence for a

former occupation of the intervening regions.

Vague and inconclusive records suggest that

gorillas may have occurred north of the great

bend of the Congo within the past few hundred

years (Coolidge, 1936), and physiographic fea-

tures argue strongly that the connection which

provided the assumed channel for gene exchange

must have been located in this region and around

the headwaters of the various large rivers of the

right bank. This region now supports a savannah

vegetation unsuitable for gorilla habitation, and

we conclude that the bridging populations must

have lived here during one of the pluvial periods
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of the Pleistocene when the forest boundary lay

farther north than at present.

Local Distribution.—As already noted, goril-

las are not randomly distributed through the

forest but are aggregated for the most part into

small, well-defined population units on concen-

tration areas comprising only about 5 Vi per cent,

of the total range. In some cases the boundaries

of these areas coincide with natural boundaries

which appear to have operated as barriers to

dispersal, but in most cases the forest continues

unchanged, and we have been unable to find a

simple explanation for the discontinuity.

Social behavior acts as an aggregating factor

at least at the local level. Gorillas tend to live in

troops of about 5 to 20 individuals and to restrict

their activities for extended periods to home
ranges of familiar terrain (unpubl. data). From
a few to several dozen such troops combine to

make a population unit, apparently selecting

contiguous home ranges rather than dispersing

themselves randomly through the forest. The na-

ture of these social interactions and their role

in the derivation of clumped distribution pat-

terns is now being investigated.

The actual geographic pattern of distribution

of concentration areas is undoubtedly deter-

mined by a combination of physical and environ-

mental factors operating through time. Popula-

tion units probably drift or are pushed about as

local conditions change. Evidence for move-
ments of this sort was encountered in a number
of reports of recent invasions and of evacuations

or extirpations. More often, however, our infor-

mants told of local stability over periods of sev-

eral decades. Written records, furthermore, sug-

gest a general stability of distribution in the

Lubero and Birunga Volcano areas for 30 to 40
years.

As noted above, physical barriers have appar-

ently influenced and in part determined the pres-

ent location of many of the concentration areas.

Of the 60 areas plotted on our map, 17 have one
side bordering on a large river, and 1 3 front on
the forest-grassland boundary. Without histori-

cal data we can only guess as to how this situa-

tion developed, but one is tempted to visualize

the population units slowly drifting over the map
like wandering amoebas until their progress is

physically blocked by a barrier. In those cases

where man has moved the location of a barrier

as by pushing back the forest boundary, the re-

traction of the population unit has been as im-
mediate as it was inevitable.

The forces or influences responsible for the

drifting of population unts within the outer

boundaries set by physical barriers can be visu-

alized, at least in part, by examining the effects

of man-made disturbances at the local level. The
most important of these disturbances during the

last century has been the repetitive clearing of

the forest in small patches to create a shifting

kaleidoscopic pattern of successional stages of

forest regeneration. Gorillas have responded by
adjusting their local foraging activities to meet
the temporarily favorable conditions created in

the recently cultivated fields. There is also evi-

dence of the expansion or movement of gorilla

population units into developing agricultural or

mining regions. The large concentrations of

gorilla areas around Kasese and south of Mwen-
ga correlate with a heavy influx of native famil-

lies into these mining areas in recent times. A
road engineer east of Kasese found gorillas mov-
ing in around the workers’ villages and garden

plots while construction work was still in prog-

ress, and several mining engineers told of gorillas

appearing around new camp sites within a year

or two of their establishment. Such incompletely

documented anecdotes may represent returns

after initial displacement rather than actual in-

vasions, but in either event they suggest a cer-

tain fluidity of movement.

The long-standing government policy of re-

settling natives from the deep forests on rela-

tively narrow strips along the roadways prob-

ably accounts in part for the present concentra-

tion of gorillas along these human thoroughfares

and their relative scarcity in the hinterlands. The
animals have apparently moved into these dis-

turbance areas and remained despite persistent

harassment. A long-established mining commun-
ity surrounded by the villages and shambas of

native workers may thus form a sort of nucleus

for a gorilla population unit as at Utu, Kima or

Lulingo.

Further evidence for the role of rotational

forest clearing in gorilla movements is found in

historical records of evacuation by gorillas fol-

lowing the emigration of human populations.

The first consequence of an exodus of human
beings may be an improved environment freed

of direct human disturbance. Thus the village

of Mangombe near Kima still had a large local

population of gorillas three years after it was
abandoned as a mining camp and allowed to

grow up to a jungle of shrubs and vines. A for-

mer resident reported that “the gorillas from
the surrounding shambas moved into the village

as the people moved out.” Abandoned mining

centers like those near Lutunguru and Alim-

bongo apparently had good gorilla populations

during and immediately following their period

of activity and have subsequently lost them. It

must be said, however, that the records here are
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very fragmentary and quite controversial.

The old and long-abandoned Arab slave

route 5 from Angumu to Walikale resulted in

vegetational disturbances which can still be de-

tected by foresters and which apparently drew

gorillas in from the surrounding deep forests.

Reports reaching government surveyors told of

gorillas persisting in this area for many decades,

but current reports indicate that the animals

have now largely disappeared.

As with most studies of distributional dynam-

ics, our direct observations are limited to the

effects of man-made disturbances operating over

a very limited period of time. Our documentation

of the environmental disturbances and distribu-

tional responses of prehistory are much less pre-

cise, but the evidence for frequent and major

disturbances is overwhelming, and we can as-

sume that responses in the past were basically

similar to those we observe today. Gorilla dis-

tribution has thus been a dynamic phenomenon
from time immemorial and doubtless will con-

tinue to be.

What the observed tendencies and trends indi-

cate for the fututre of the Mountain Gorilla var-

ies in different parts of the range. Peripherally

and in the areas of good arable soils as in the

Volcanoes, the Kayonza Forest and the Lubero

district, range boundaries are rapidly being

pushed back by the conversion of land to stabil-

ized agriculture. The continued existence of

gorillas in these regions will depend on the main-

tenance of reserves set aside for the preserva-

tion of gorilla habitat, i.e. large continuous ex-

panses of suitable forest. The rigid protection

against all types of human disturbance in the

Albert Park gorilla sanctuary has been extremely

desirable from many points of view, but experi-

ence in other areas indicates that complete con-

trol of trespass is not always necessary. Exces-

sive disturbance must be avoided, but above all,

the destruction of habitat by forest clearing must

be stopped.

In the equatorial forest zone west of the Rift

Escarpment the conditions and needs are totally

different. Here the boundaries of the gorilla

range are little affected by pressures of land util-

ization except around the large population cen-

ters. Conditions of soil and climate enforce and
will probably continue to enforce a type of agri-

culture which is beneficial rather than destruc-

tive to gorilla habitat. Protection of the forest

against this rotational system of agriculture

would actually be undesirable. Gorilla conserv-

ation here must take the form of restrictions on

SThis route led south of Lake Kivu into Tanganyika
and was probably at its peak of activity during the 1880’s.

killing. Present killing rates are apparently not

serious, but the introduction of even small num-
bers of firearms would be disastrous regardless

of legal restrictions on their use.

Above all it must be remembered that the total

geographic range of the Mountain Gorilla is ex-

tremely small, and the history has shown that

animals so situated are highly vulnerable.

Summary

The total geographic range of the Mountain
Gorilla in 1959 covered an area of about 35,000
square miles south of the equator and west of

the Albertine Rift. Within this range the animals

were mostly aggregated into about 60 small

areas of concentration covering roughly 1,900

square miles of forest habitat. Population densi-

ties within these areas probably ran between one
and five animals per square mile.

Gorilla populations were found through sev-

eral climatic zones and in various types of for-

est. They were most numerous where there was
an abundance of herbaceous undergrowth as in

fairly open stands or in patches of secondary
forests in early stages of regeneration.

The location of concentration areas along riv-

ers and forest edges suggests that population

units, though relatively stable and localized over

periods of decades, may drift within boundaries

prescribed by physical barriers. Evidence for

such drifting is provided by observations on dis-

tributional responses of populations to man-
made changes in the forest habitat.

The future of the Mountain Gorilla depends

on the protection of tracts of forest habitat in

the eastern areas and on the control of firearms

in the equatorial forest areas west of the Rift.
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A Taxonomic Study of the Ratsnakes, Genus Elaphe Fitzinger.

VII. The Triaspis Section.

Herndon G. Dowling

Department of Reptiles, New York Zoological Park

(Plate I; Text-figures 1-11)

This paper presents a detailed variational

and geographic study of 124 specimens

of the ratsnakes of North and Central

America formerly known as Elaphe chlorosoma

Gunther, E. mutabilis Cope and E. triaspis Cope.

In the past, these snakes have been confused

with one another and with the nightsnake.

Elaphe flavirufa Cope.

Their nomenclatural history, however, has

not been particularly complex. Smith (1941:

134) recognized the similarities in scutellation

and juvenile color pattern between the Central

American form E. mutabilis and E. triaspis of

the Yucatan Peninsula. On the basis of the simi-

larity in scutellation he suggested that the name
Coluber mutabilis Cope, 1885, was based on an

albino specimen of E. triaspis Cope, 1866, and

belonged in the synonymy of the latter. Stuart

(1948: 69) opposed this view, and on the basis

of his studies in Guatemala concluded that

mutabilis is a valid race of triaspis, ranging from
the Peten forest southward to Costa Rica on the

Caribbean side of Central America. Further, he

predicted that additional material would show
that chlorosoma, mutabilis and triaspis are sub-

species.

My own studies (Dowling, 1952a: 99-129)

showed that although these forms differ in minor

ways, they all have the same type of hemipenis,

almost identical scutellation and body propor-

tions, c.id extremely similar juvenile color pat-

terns, and are distinguishable mainly by their

adult colors. They also proved to have exclu-

sive ranges, thus corroborating Stuart’s sugges-

tion of subspecific relationship. This informa-

tion was used (Mertens & Dowling, 1952: 197)

in establishing the proper allocation of the name
Pityophis intermedius Boettger, 1883. Unfor-

tunately, the type specimen on which this name

was based (SMF 34575) belongs to the form
previously known as Elaphe chlorosoma

Gunther, 1894, and it was necessary to place

this latter, well-known, name in synonymy. Thus
on the basis of these studies the green ratsnake

of Arizona and Mexico is Elaphe triaspis inter-

media Boettger, the unicolor tan form of the

highlands of Central America is E. triaspis mu-
tabilis Cope and the blotched form of the

Yucatan Peninsula is E. t. triaspis Cope (Dowl-
ing, 1952b: 7-8).

The characteristics of hemipenis, body pro-

portions, scutellation and juvenile color pattern

that indicate the close relationship of the three

forms treated here also separate them from all

other American species of Elaphe. None of the

other American species shows any approach to

£. triaspis in these ways and it for this reason

that it is recognized as a separate section of the

genus. These American sections of the genus

Elaphe have been mentioned before, but only

the Rosaliae section (Dowling, 1957: 1), has

been previously defined. The Triaspis section is

defined below, and the three sections recognized

among American members of the genus may be

distinguished by the following key.

1. Proximal half of hemipenis covered with

spinules Rosaliae section

1'. Proximal half of hemipenis smooth or folded,

but without spinules 2

2. A pair of elongate fleshy spines (basal hooks)

at the proximal edge of the spinose portion of

the hemipenis; a single distal lobe

Triaspis section (p. 54).

2'. No basal hooks; two distal lobes

Pantherophis section

While only hemipenial characters are used in

the key, actually the sections also differ in char-

acters of coloration, body proportions, scutella-

53
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Text-fig. 1. Lateral view of the head of a juvenile specimen of E. t. triaspis.

The three elongate primary temporals are characteristic of this species. Since

only two of the temporals are in contact with the postoculars, such a condi-

tion would be recorded as 2(3)+3-)-4.

tion and skeleton. Many genera of colubrid

snakes have been erected on lesser grounds,

but none is proposed here because of the possi-

bility that the relationships of these groups may
be demonstrated, at some later date, to lie with

other Old World genera {vide infra

,

“Relation-

ships”).

Definition of the Triaspis Section.—Snakes of

the genus Elaphe that possess a large hemipenis

which extends at least to caudal 15 and often to

caudal 19 in the inverted position, with two
large basal hooks, and without spinules prox-

imally or lobes distally (Plate I). There are usu-

ally three elongate primary temporals, no lori-

labial scales, and eight to ten supralabials

(Text-fig. 1). The ventrals range from 241

(male) to 282 (female) with a dimorphism of

more than 15 ventrals in favor of the females;

the caudals range from 87 (female) to 126

(male) with the males having about 13 more
than the females.

Since a single American species is contained

in this section, further discussion will be car-

ried on under the specific name.

Elaphe triaspis Cope

Coluber triaspis Cope, 1866: 128; type locality,

“Belize.”

This species ranges from the mountains of

southeastern Arizona along the edge of the

Mexican plateau, southward in the highlands of

Central America to Costa Rica. It is also found

on the eastern rim of the plateau and in the low-

lands of the Yucatan peninsula (Text-fig. 2).

Text-fig. 2. Map of Middle America showing geographic distribution of

Elaphe triaspis and the localities from which series of these snakes are avail-

able. As indicated, it was necessary to group the specimens from several

localities to obtain a usable series from Central America.
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General Morphology

Elaphe triaspis varies in adult color pattern,

scutellation and body proportions in the dif-

ferent parts of its range. The variation in scutel-

lation appears to be non-clinal for the most part,

so that little prediction can be made concerning

the snakes of a particular area on the basis of

the characteristics of specimens from adjacent

regions.

The general habitus of this species is a long

sub-cylindrical body, a narrow head, a rather

pointed snout and a long tapering tail. The ven-

trals are distinctly angulated laterally but are

notched only in large adults, a condition prob-

ably resulting from wear. The eye is small

(M — ca. 13.5 per cent, of head length in

adults), and this together with the somewhat
compressed body, the numerous dorsal scales

and the narrow head gives these snakes a boid

appearance. Although narrow, the head is rather

long and makes up 3 to 4 per cent, of the body
length in adults and an even greater proportion

in the young. The tail is longer than in any other

American species of the genus, ranging from 23
to 26 per cent, of the body length in adult fe-

males, and up to 30 and 35 per cent, in adult

males.

Judging from the specimens examined, these

snakes are of medium size. However, they may
attain lengths greater than those shown in the

relatively small number of adult specimens

available. The largest specimens examined were
somewhat less than 1,300 mm. in total length.

Skeleton and Teeth. — Hypapophyses are

found only on the anterior vertebrae in this spe-

cies, as in other members of the genus. It was
noted in one specimen from Yucatan (MCZ
28751) that had been slit longitudinally that the

hypapophyses disappear at the level of the fifty-

second ventral scute. In five specimens from
Guerrero that had been similarly slit (TCWM
7430-32, 8579, 12651) the hypapophyses dis-

appear at the levels of the forty-seventh to the

fifty-fourth ventrals, without any visible sexual

differences.

A single skull of this species is available: an

adult specimen from near Tehuantepec, Oaxaca
(UMMZ S-1082). It differs from the skulls of

other American members of the genus Elaphe
mainly in that the anterolateral edges of the

nasals are extended forward and outward, giving

these bones a quadrangular appearance in con-
trast to the rounded shape in other species.

Other bones of the skull also show minor, but

distinctive, differences (Dowling, 1958: Fig.

2). The tooth counts of this specimen are: max-
illary 21-21, palatine 12-11, pterygoid 19-18,

dentary 26-26. The teeth decrease slightly in

length toward the posterior end of all the bones.

The close correspondence of the tooth counts of

this specimen with that of E. subocularis (Dowl-
ing, 1957: 2) points up the futility of using

quantitative characters in determining the phy-

logeny of this group of snakes.

Hemipenis —As indicated in the definition of

the Triaspis section, the hemipenis is distinctive

in this species and many of its features are found

in no other American form of the genus.

Though strict measurement of an extensile or-

gan is not possible, it is evident that the hemi-

penis of E. triaspis is considerably larger than

that of other ratsnakes of comparable size.

When observed in the inverted position by dis-

section, its posterior end is found to lie between

caudals 15 and 19.

Unfortunately, no completely everted hemi-

penis of this species is available for figuring or

description. The inverted hemipenis of an adult

male (body length — 126 mm.) from the city

of Colima, Colima (UMMZ 80210), was split

longitudinally and spread flat to be used for the

description that follows.

The hemipenis (Plate I, Fig. 1) extends to

caudal 15. It is single, not bilobed, and the

sulcus is simple. The proximal one-fifth of the

organ has neither spines nor calyces; it is folded

and somewhat rugose, but this is probably the

result of preservation. At the distal end of the

naked area is a pair of large straight fleshy

spines (basal hooks), one on either side of the

sulcus. Distal to these are three or four rows of

similar but smaller spines that decrease abruptly

in length distally and disappear on the proximal

half of the organ. The spines are replaced by 21

or 22 oblique rows of papillate calyces that de-

crease in size distally, but which apparently con-

tinue to the end of the organ. The calyces are

lozenge-shaped and each of the four sides has

from three to five stiff papillae. The lips of the

sulcus are not conspicuously raised and have no
special ornamentation.

The hemipenis of another specimen from
Arizona (W. H. Woodin, No. 560) has the fol-

lowing proportions: the organ extends to caudal

16, it is unornamented proximally, the basal

hooks arise at caudal 6 and extend to caudal 3,

the spinose portion begins with the basal hooks
at caudal 6 and extends to caudal 9 and the

entire portion distal to caudal 9 is calyculate.

These proportions are very similar to those of

the figured specimen from Colima.

Scutellation—E. triaspis has large numbers of

ventrals, caudals and dorsals, but has no pe-

culiar features of scutellation (such as the lori-

labials of the Rosaliae section) to distinguish it

from certain members of the Pantherophis sec-
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tion. One characteristic of E. triaspis that is sel-

dom found in other species is the presence of

three elongate primary temporals (Text-fig. 1).

These scutes slant downward anteriorly and
often (as in the figure) one of them is excluded

from contact with the postoculars, giving a strict

primary temporal count of two, though the third

temporal is present farther back. In this paper
such a condition is indicated as 2(3) +3+4 for

the temporals of one side, or 4(6) +6+8 when
those of both sides are added.

Coloration.—E. triaspis agrees with other

American ratsnakes in having a juvenile pattern

of blotches, which may or may not be retained

in the adult. It also has a trace of the postorbital

bar that is characteristic of the genus in this

hemisphere (Text-fig. 1). It differs, however,
in possessing a unique head pattern (Text-fig. 9)

.

Another differential feature of coloration is that

of the individual dorsal scales. Although not
shown well in all preserved specimens, the base
of each scale is black, and there is a white streak

along one or both proximal edges. This feature
is particularly evident in the snakes from Colima
and in those from the Yucatan Peninsula.

Natural History

Little is known of the habitat preference of E.
triaspis because, as is the case with most large
snakes (with the possible exception of water-
snakes), most of the specimens were collected
on roads and trails. From the elongate habitus,

angulate ventrals and rather small eyes, it might
be postulated that this snake is arboreal and
diurnal. The long tail and green coloration of
the northern form are especially indicative of a
treesnake, but it is not known whether or not
this form differs from the others in this respect.

The Central American snakes appear to be
found only in mountain regions of moderate
(300 to 1,500 meters) elevation. The vegetation
at this altitude is usually montane mesophytic
forest. The snakes of eastern Mexico are also

found in this habitat. However, in western and
southern Mexico they may be found either in

the mesophytic forest (Acahuizotla) or in xeric

conditions that approach thorn scrub (Colima
and Balsas Valley) . Thus, a broad range of habi-
tats has been recorded. The blotched form is

found over most of the Yucatan Peninsula at

altitudes of less than 300 meters. The vegetation

in this region, also, is the thorn forest typical

of areas of high evaporation rate and relatively

low rainfall.

Several of the specimens examined had been

opened to remove some food animal, but none
appears to have been saved or recorded. One
specimen from the vicinity of Chilpancingo,

Guerrero (MVZ 45085), had a few mammal
hairs in its stomach, and a specimen recorded

by Duellman (1958: 11) from Colima had a

Mus musculus in its stomach.

The information on breeding habits is also

meager. A specimen from Chichen Itza, Yuca-
tan (AMNH-38843), contains two large eggs.

It was collected on October 17, 1929.

Relationships

As previously indicated, E. triaspis shows no

close relationship with any other American spe-

cies of Elaphe, differing in the distinctive hemi-

penis, the shape of bones of the skull, the color

pattern and in the degree of sexual dimorphism.

It is particularly interesting, therefore, that re-

cent examination of the hemipenis of a Euro-

pean species, Elaphe longissima Laurenti, re-

veals resemblance to that of E. triaspis. E.

longissima , however, differs radically from tri-

aspis in body proportions and scale counts. Some
method of assaying the relative value of these

(various) features must be established to test

the validity of this suggested relationship. Closer

relations would be expected between American

snakes and those of eastern Asia than between

American and European ones. However, it may
be emphasized that this is the only Old World
species of Elaphe that has been found to have

additional resemblances to the American forms

other than those of habitus and scutellation.

Variation

Sexual dimorphism, ontogentic change and

individual variation within and between the sev-

eral populations are here treated separately.

However, the samples of E. triaspis from many
of the localities are too small to assay the

amount of variation within the unit populations

represented. Therefore, it sometimes becomes

necessary to combine the data obtained from the

various small series from different part of the

geographic range and to use the aggregate for

analysis and comparison.

Series Used in the Study

Moderately adequate series of specimens

from single, specific localities, and inadequate

ones from two or more sources (which by neces-

sity are grouped) are described briefly here.

They are referred to by name in other sections

of this paper (Text-fig. 2).

Arizona Series.—The seven snakes from this

state (five males and two females) are grouped

here as representative of the populations in-

habiting this northernmost part of the range.

Three different localities are represented.
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Chichen Itza Series.—This is the largest se-

ries available. Collected by various persons who
visited the famous Mayan ruins of that name on

the Yucatan Peninsula, it is made up of ten

males and twelve females.

Chilpancingo Series—

A

series of seven males

and nine females has been collected over a

period of years (1936-1946) by W. Wilmot.

Brown from the vicinity of Chilpancingo, Guer-

rero. This may actually embrace a large area as

some of the specimens were undoubtedly bought

from wandering hunters. However, their char-

acters demonstrate that they were not taken

from the Pacific slope of the Sierra Madre del

Sur.

Acahuizotla Series—Six males and two fe-

males were collected from about 1 mile west

of the village of Acahuizotla, Guerrero, by W. B.

Davis and his field party in the summer of 1952.

Tehuantepec Series—Eight males and five

females have been collected from the mountains

northward and eastward of the town of Tehuan-

tepec, Oaxaca, by various field parties. They

come from several localities, and would not

have been grouped as a series except that the

males form a closely-knit morphological unit,

with less variation than is shown by some se-

ries from precise localities.

Central American Series.—No true series is

available from the southernmost part of the

range. Although some geographic variation

probably is demonstrated here ( e.g., in dorsal

scale row number), the eight snakes from Hon-

duras, Nicaragua, and Costa Rica, (and certain

data on two snakes from El Salvador) are here

grouped as representative of this region.

Sexual Dimorphism

Only three of the above series have a suffic-

ient number of specimens of both sexes to give

meaningful information by statistical treatment.

These are the series from Chichen Itza, from

Chilpancingo and from Tehuantepec. The in-

formation on sexual dimorphism derived from

these few snakes is corroborated by that ob-

tained from study of the other series and scat-

tered specimens and is not contradicted in any

way. Thus the data obtained from these three

series are taken to be representative of the spe-

cies as a whole.

In the series used here the number of snakes

is too small to determine whether or not there is

dimorphism in characters that have narrow

ranges of variation such as in labials, temporals

or maxillary teeth. Even the more variable char-

acters may be assayed only roughly. However,

as in many species of snakes, the males of E.

triaspis have distinctly shorter bodies and longer

tails than the females do. These differences are

notable in the linear measurements, in the num-
ber of blotches on the tail and are especially

evident in the numbers of ventral and subcaudal

scutes. No other American species of the genus

Elaphe approaches E. triaspis in the develop-

ment of sexual dimorphism in these two latter

characters.

Ventrals —The Chichen Itza series shows a

mean difference of 15.4 ventrals between males

and females, and this is the least sexual dimor-

phism reflected by this character anywhere in

the range of this species. The other two series

show an average sexual difference of about 20

ventrals (Table I). While larger series from any

locality might show overlap in ventral numbers
between male and female snakes, the Chichen

Itza series is the only one that does so (by a

single ventral). All of the other specimens are

identifiable as to sex on the basis of ventral

number alone, and the greater dimorphism out-

side the Yucatan Peninsula region makes it prob-

able that no overlap will be found outside that

area.

This sexual divergence may be compared with

the situation in other American species of

Elaphe, where the mean difference between

sexes is usually less than 10 ventrals with con-

siderable overlap ( vide Conant, 1938: 56, for

E. obsoleta Say and 1940: 9, for E. vulpina

Baird & Girard). In the Rosaliae section, the

only species with ventral scutes in about the

same numbers as in E. triaspis, no sexual di-

morphism is observable (Dowling, 1957: 4).

The unusual amount of sexual divergence in

Table L Sexual Dimorphism in Number of Ventrals

Males Differences Females

Series N M SE DM CD CSD N M SE

Chichen Itza 10 253.40 1.46 15.4 1.86 5.91 12 268.83 1.07

Chilpancingo 7 244.43 0.81 20.5 1.97 8.05 9 264.89 1.62

Tehuantepec 8 254.13 0.97 20.3 2.67 7.67 5 274.40 3.00

CD = coefficient of divergence; CSD = coefficient of sexual dimorphism; DM = difference between means;
M = mean; N = number of specimens; SE = standard error of mean.
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Table II. Sexual Dimorphism in Number of Subcaudals

Males Differences Females

Series N M SE DM CD CSD N M SE

Chichen Itza 10 106.80 1.41 13.20 1.82 13.16 9 93.56 1.11

Chilpancingo 5 109.00 1.14 17.71 1.25 17.68 7 91.29 0.68

Tehuantepec 6 122.83 1.13 22.23 1.64 19.90 5 100.60 1.18

CD = coefficient of divergence; CSD = coefficient of sexual dimorphism; DM = difference between means;
M = mean; N = number of specimens; SE = standard error of mean.

E. triaspis has not been recognized previously

and it has caused some workers, ( e.g ., Hall,

1951: 204) to suspect that their series were

composites, with more than one species repre-

sented. The situation has been obscured because

many authors disregard the sex of their speci-

mens.

Subcaudals.—Sexual dimorphism in subcaudal

numbers is not an unusual feature in snakes, but

it is usually more pronounced in short-tailed

species. However, it is present in the long-tailed

E. triaspis to about the same degree (if the ac-

tual number of scutes is considered) or to a

greater extent (if the coefficient of sexual dimor-

phism is used) as in the ventrals (Table II).

Dorsals —The dorsal scales range from min-

ima of 23 anteriorly, 29 at midbody and 18

posteriorly, in almost every combination to

maxima of 33, 39 and 25. A greater posterior

count in females has been described for many
species (e.g., Blanchard, 1921: 12, in Lampro-
peltis). In E. triaspis the females exceed the

males in the anterior and midbody counts as

well. This is shown by both the extremes and the

means in all three of the series considered here

(Text-fig. 3).

Text-fig. 3. Variation in dorsal scale count in Elaphe triaspis. The females

exceed the males at every body region. (A— anterior count, M=midbody
count, Pr=posterior count; the numbers under the figures indicate the number
of specimens in each series).
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Body Length and Proportions—The same fea-

tures that are revealed in the ventral and sub-

caudal scute counts are also notable in body
and tail lengths. The females exceed the males

only slightly in total length, but their body

lengths are much greater. Proportional length

calculations are complicated by the incomplete

tails and twisted bodies of many of the speci-

mens, and also by ontogenetic and geographic

variations. Nevertheless, the sexual dimorphism
is great enough to be seen in the few specimens

for which accurate measurement is possible.

The largest male specimen available (AMNH
65891, from Oaxaca) has a body length of 902

mm. and a tail length of 311. Comparable
measurements of the largest female specimen

(UMMZ 99893, from Puebla) are about 980

and 242. The largest male is the only one with

a body length greater than 900 mm.; most males

range between 600 and 800 mm. This is not true

of the females: 15 of them exceed 900 mm. in

body length.

The Chichen Itza series has 16 measurable

specimens (nine males and seven females). The
males have a mean proportional tail length of

26.6 per cent, and an observed range of 24.7 to

29.5. The females have a mean of 22.4 per cent,

and an observed range of 21.1 to 23.9.

The Chilpancingo series has nine measurable

specimens (four males and five females). The

males show an average proportionate tail length

of 30.3 per cent., with a range of 26.3 to 32.2.

The females have a mean of 21.6 per cent, and

a range of 18.9 to 23.4.

The Tehuantepec series has only six meas-

urable specimens (four males and two females).

The males have a mean proportional tail length

of 32.9 per cent., with a range of 29.9 to 35.4.

The two females have proportional tail lengths

of 21.9 and 25.2, giving a mean of 23.5 per cent.

According to these figures the Chichen Itza

series demonstrates less sexual dimorphism in

tail length than do the other two series. (This

was also noted in ventral and caudal scute num-
bers.) A plot of tail length against body length

(Text-fig. 4) corroborates these data and shows

that the females of all three series have approxi-

mately the same body proportions but that the

difference between the sexes in the Chichen Itza

series is less than in the other two.

Blotch Numbers—Only in the Chichen Itza

series are there enough blotched specimens to

test for sexual dimorphism. None of significance

is revealed by the number of body blotches

(M = 49.1 in males, 48.8 in females) but the

number of tail blotches does differ sexually. The
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Text-fig. 4. Comparison of body proportions in three populations of Elaphe
triaspis. While no differences are apparent in the female snakes, the males
from Chichen Itza have shorter tails than do those of the other two popula-
tions. Note also the considerable sexual dimorphism in this feature.
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males range from 23 to 31 tail blotches

(M = 26.1 ± 0.75) and the females from 17 to

22 (M = 19.8 ± 0.55).

Ontogenetic Variation

The changes in body proportions that are

usual in the growth of snakes from juveniles to

adults may be seen to some degree in the small

series available here. A feature not so commonly
found in snakes is the presence of a striking

ontogenetic change in the color pattern in some
series, and its absence in others.

Body Proportions. — Measurements were

taken of body length, tail length, head length

and eye diameter in all specimens where it was
possible to do so. Ratios derived from these

measurements that are used here are the pro-

portional head length, proportional eye length

and proportional tail length.

A plot of proportional head length against

body length for the three larger series reveals

that there is little or no difference between the

sexes in this feature. The juvenile snakes, those

with body lengths of less than 500 mm., how-
ever, have much larger heads, proportionately,

than the adults do. While there is some continua-

tion of the proportional reduction in head size

in snakes with body lengths of more than 500
mm., the reduction appears to be slight as com-
pared with the changes between body lengths of

300 to 500 mm. (Text-fig. 5). This feature of

ontogenetic change has been pointed out pre-

viously in other genera of snakes ( e.g ., Oliver,

1948: 191).

A plot of the eye diameter against the head

length demonstrates that the small juveniles

tend to have larger eyes, proportionately, than

the adults and subadults. The proportion is so

variable, however, (probably due to the dif-

ficulty of obtaining an accurate measurement
of the eye), that any possible sexual or geo-

graphic differences are obscured.

As indicated in the section on sexual dimor-

phism, the proportional tail lengths demon-
strate sexual, geographic and ontogenetic dif-

ferences (Text-fig. 4) . The juvenile snakes have

shorter tails than the adult members of their

sex: those of juvenile females range upward
from 19 per cent, of body length, and those of

juvenile males range upward from 25 per cent.,

as compared with proportions of 23 to 26 per

cent, in adult females and 28 to 35 per cent, in

adult males. This situation is in contrast to that

in the Rosaliae section of the genus (Dowling,

1957: 2) where the juvenile snakes were found
to have tails proportionately longer than those

of the adults. Thus in this character E. triaspis

agrees with such genera as Diadophis, Phyllor-

hynchus and Tantilla, while the Rosaliae sec-

tion agrees with Pituophis, Lampropeltis and
other snakes (Klauber, 1943: Table 6).

Color Pattern.—la all of the snakes the dark

markings contrast more with the ground color

in juveniles than in adults. A comparison of the

color patterns with the body lengths shows that

in all of the series except the one from Chichen
Itza the blotched pattern is lost as the snakes

reach maturity.
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Text-fig. 5. Ontogenetic variation in head and body lengths in Elaphe triaspis.

Note the differential growth in juvenile snakes (less than 600 mm. in body
length) as compared with the adults.
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The snakes remain blotched throughout their

lives (at least to body lengths of over 900 mm.)
at Chichen Itza. The only differences visible in

the preserved specimens at hand are due to the

lessening of contrast between blotches and

ground color. The ground color, which is light

brown in preservative, does not appear to

change ontogenetically but the dark markings

become less intense. Both body and tail blotches

remain sufficiently distinct to be counted easily

even in the largest specimens, however. The
ventral color is immaculate cream below the

angle of the ventral scutes. This color becomes

progressively mottled with gray from the poste-

rior end forward as the individuals increase in

length, but in none does the gray become domi-

nant.

In all of the other series there is an abrupt

change in the dorsal coloration at a body length

of about 600 mm. In the Central American se-

ries two specimens (MCZ 49804 and 49895

with body lengths of 564 and 638 respectively)

appear to show the transition of blotched to

unicolor. The body blotches of the former are

diffuse but sufficiently distinct to be counted.

The tail blotches have disappeared. In the latter

specimens the blotches are faintly indicated on

the anterior half of the body but are too diffused

to be counted on the posterior part or on the

tail. The specimens with body lengths below

500 mm. in this series are distinctly blotched;

a specimen with a body length of 795 mm. has

no trace of blotches, although the head pattern

is faintly visible.

Neither the Chilpancingo nor the Tehuan-

tepec series contains specimens of proper size to

determine the length at which the change oc-

curs. The small snakes (less than 420 mm. in

body length) are light brown with distinct dark

blotches, the large ones (more than 600 mm.)
are unicolor gray, gray-brown or greenish. The
Arizona series, however, does have snakes of the

proper size. A specimen (UIMNH 29182) with

a body length of 628 mm. has faint, but count-

able, blotches on the body but not on the tail.

Another specimen (DZUA 500) with a body
length of about 650 mm. is unicolor gray. P. W.
Smith (in lift.) informed me that the specimen
with a body length of 628 mm. showed no pat-

tern at all in life, but was uniform gray-green.

One specimen from the Tehuantepec series with

a body length of 894 (UMMZ 82570) still has
the head pattern faintly indicated.

Thus in all the series other than the one from
Chichen Itza the dorsal pattern changes from
tan with dark blotches to unicolor tan or green
at a body length of about 600 mm. The tail

blotches fade first, then those on the posterior

part of the body, and the head pattern remains

until last (Text-fig. 6).

Keeling of Dorsal Scales.—The dorsal scales

may be either smooth or faintly keeled at mid-

body, but some are always keeled on the poste-

rior part of the body. This character is difficult

to use in a precise fashion in these snakes since

the condition of the specimen influences the

amount of keeling apparent: soft specimens that

have lost the epidermis will not show keeling

that might have been present, while specimens

preserved in strong formalin solutions may have
wrinkled dorsal scales that give a false impres-

sion of keeling. Nevertheless, it may be seen

that the series available differ in the amount of

keeling present.

A plot of the number of keeled rows at mid-
body against the body lengths of the snakes has
been prepared for four of the series (Text-fig.

6). The increase in dorsal keeling in larger in-

dividuals may be seen in all. It seems possible

that the poor condition of the specimens was
responsible for the lack of apparent keeling at

midbody in the five individuals of the Chichen
Itza series.

A single adult individual (of five) in the
Arizona series has five dorsal rows keeled at

midbody; two adults (of 10) have three rows
keeled and one has five in the Chilpancingo
series; one adult (of five) has three dorsal rows
keeled in the Tehuantepec series. None of the

juvenile snakes of any of these series shows any
trace of keeled scales at midbody, though all

have at least seven dorsal rows keeled above the

cloacal opening.

The two series that demonstrate moderately

heavy dorsal keeling, therefore, show the pro-

gressive ontogenetic increase in keeling that has

already been shown to occur in E. guttata, E.

obsoleta (Dowling, 1951: 41) and E. subo-

cularis (Dowling, 1957: 13).

Individual Variation

The individual variation in morphological

characters that also varies sexually or ontogen-

etically has been described above. These char-

acters include number of ventrals, subcaudals,

dorsals, keeled scales and tail blotches, and vari-

ous proportional measurements. The remaining

characters that were not previously described in-

clude number of oculars, temporals, labials,

gulars, maxillary teeth and body blotches (Table

III).

Oculars.—There are usually one preocular and

two postoculars on each side of the head. Other

than a single specimen from the Chilpancingo

series with two preoculars on one side (and the
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Text-fig. 6. Ontogenetic variation in dorsal keeling and color in four populations of Elaphe triaspis. The
juvenile snakes (less than 600 mm. in body length) are smooth-scaled in the Arizona and Chilpancingo

series but the Chichen Itza and Central American snakes show some midbody keeling at a body length

of 400 mm. The adults of the two latter series tend to have at least five rows keeled at midbody, while

those of the former series are usually smooth. The change in coloration at a body length of about 600 mm.
is shown by all series except that from Chichen Itza.

one on the other partly divided), the only vari-

ation is found in the Chichen Itza series. Here,

also, one specimen has two preoculars on one
side, and nine specimens have three postoculars

on one or both sides.

Temporals.—The numerous and irregular tem-

porals in these snakes are difficult to count and

the recorded numbers may not be completely

accurate. As indicated, however, there are usu-

ally three temporals in the primary row, al-

though occasionally only two (and rarely only

one) are in contact with the postoculars. The
secondary row usually has three or four scales,

and sometimes five, and the tertiary row has

from four to six scales, most commonly five.

The numbers in each row and on each side of

the head seem to bear little relation to one an-

other, making the actual counts highly variable.

Supralabials —The usual supralabial count is

eight, as in most of the American snakes of this

genus. Nine supralabials are occasionally found

in all of the series, and are common in the one

from Chichen Itza which also has four individ-

uals with ten supralabials on one or both sides.

Infralabials.—The infralabials vary from 10 to

1 2 on a side, with the usual number being 1 1 in

all series.

Gulars.—'The gulars range from three to five;

most individuals have four.

Maxillary Teeth.—The maxillary teeth range

from 19 to 24; most individuals have either 21

or 22.

Body Blotches -The body blotches range

from 43 to 73. However, this is a geographically

variable character and none of the series shows a

variation of more than 15 blotches.

Geographic Variation

Some geographic variation is to be expected

in a species of snake that ranges from Costa

Rica to Arizona, a distance of more than 2,500

miles. The usual method of presenting data on

geographic variation is to distinguish the sub-
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species, and then describe each as a unit. This

type of presentation presupposes a certain

amount of grouping by the worker that is not

obvious to the reader. Such grouping may be

warranted for many species but for E. triaspis

it seems to be unwarranted for the treatment of

the more variable characters such as ventrals,

subcaudals or body blotches, and may be so for

the others. Thus instead of the preliminary group-

ing here, a method of presentation that more
nearly approximates the actual procedure of

evaluation is adopted. First, the various series of

snakes that have been used are described con-

cisely, then the similar series are grouped, to-

gether with what individual specimens appear

to belong with them on the bases of geographic

probability and morphological characters. The
proper names for any distinguishable population

groupings are then determined by reference to

type specimens and original descriptions.

The series are described in north-to-south

order. The Chichen Itza series is, of course, off-

set from any linear arrangement. The descrip-

tions are comparable only to one another, and

it should be remembered throughout that Elaphe

triaspis is a slender, long-tailed and weakly-

keeled snake in relation to other species of the

genus.

Arizona Series.—

A

population of relatively

long-tailed snakes with weakly keeled dorsals

and large numbers of ventrals and caudals

(Table IV). The blotched color pattern of juv-

enile snakes is lost in the adults, which are uni-

form gray-green. Philip W. Smith wrote (in

litt.) concerning one of these (UIMNH 29182)

:

“In life it was a very pretty gray-green, not the

green of Opheodrys aestivus but almost the

same shade as Illinois O. vernalis. No pattern at

all was evident. The dorsal blotches [which are

faint, but countable in the preserved specimen]

have appeared since . . . [preservation].” The
two young that still show blotches have 69 and

Table III. Individual Variation in Selected Characters in Elaphe triaspis

Character Arizona Chichen Itza Chilpancingo Acahuizotla Tehuantepec
Central

America

Oculars 2+4 [7] i 2+4 [11] 2+4 [13] 2+4 [8] 2+4 [12] 2+2
2+5 [6] 3+4 2+4 [7]

2+6 [3]

3+5

Temporals 3(6)+ 8+9 3(6)+8+ 10 4(6)+8+ 10 2(6)+ 7+12 4(6)+ 6+9 2(6)+ 8+ 10

4(5)+7+8 4(6)+6+9 4(6)+8+12 4(5)+ 8+ 10 4(6)+ 6+ 10 3(6)+6+

9

4(6)+6+9 4(6)+6+10 4(6)+9+l 1 4(5)+9+ 1

1

4(6)+ 7+

8

4(6)+ 7+

8

4(6)+ 7+

9

4(6)+7+ 10 6+6+ 10[2] 4(6)+7+8 4(6)+ 7+ 10 6+7+8
4(6)+7+10 5(6)+6+10 6+7+10 4(6)+ 7+

9

4(6)+ 8+

9

6+7+9
4(6)+8+ 9 6+6+ 8[3] 6+7+ 1 1 [2] 4(6)+7+10 4(6)+ 8+1 0[2] 6+8+9
6+6+8 6+6+9 6+8+ 10[3] 4(6)+8+ 1 1 [2] 6+ 7+ 10[3] 6+9+11

6+6+10 6+8+ 1 1[2] 6+8+ 10[2] 7+9+10
6+7+9 7+7+12 6+8+ 11

6+7+ 10[3]

6+7+11
6+7+12
6+8+11(4]
6+8+12

Supralabials 16 [3] 16 [5] 16 [11] 16 [5] 16 [6] 16 [8]

17 [2]

18 [2]

17 [5]

18 [7]

19 [3]

20

17 [3]

19
17 [3] 17 [5]

18 [2]

17 [2]

Infralabials 20 [2] 20 [2] 20 21 21 [3] 20
21 [3] 21 [3] 21 22 [5] 22 [8] 21

22 [2] 22 [15] 22 [11]

23
23 23 [2] 22 [5]

24

Gulars 3 [3] 4 [9] 4 [11] 3 4 [6] 4 [5]

4 [4] 5 [6] 5 [3] 4 [5]

5
5 [3] 5

Maxillary Teeth 19 21 [8] 21 [6]

6

21 [3] 21 [8] 20
21 [2]

23
22 [10]

23
24

22 [3] 23 22 [2] 21 [2]

22 [2]

23 [2]

’Figures in brackets indicate the number of specimens, when more than one.
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73 on the body; the only one with visible tail

blotches has a total blotch count of 93. The
opening in the frontoparietal band is elongate.

Chichen Itza Series.—

A

population of rela-

tively short-tailed snakes with heavily keeled

and numerous dorsals, large numbers of ven-

trals and few caudals. The blotched color pat-

tern is retained in the adults. There are rela-

tively few blotches; the total count ranges from
60 to 83. The opening in the frontoparietal band
is round.

Chilpancingo Series.—

A

population of some-
what dwarfed [?] snakes with weakly keeled

dorsals and few ventrals and caudals. The juv-

enile pattern is lost in the adults, which are dark
olive. The five young show total blotch counts

of 80 to 104, with an average of about 92. The
opening in the frontoparietal band is elongate.

Acahuizotla Series.—

A

population of rela-

tively long-tailed snakes with weakly keeled dor-

sals and large numbers of ventrals and caudals.

The juvenile color pattern is lost in the adults,

which are unicolor green. Ralph W. Axtell wrote
concerning these (in lift.): “We collected five

or more . . . Elaphe chlorosoma—three with very

vivid juvenile coloration . . . and two adults with

a much darker green coloration than any other

chlorosoma I have ever seen: it was deep olive,

which in no way resembles the greenish-gray of

other living specimens I have observed [from

farther north].” The five young show total

blotch counts of 87 to 104. The opening in the

frontoparietal band is elongate.

Tehuantepec Series.—

A

population of rela-

tively long-tailed snakes with weakly keeled

dorsals and large numbers of ventrals and cau-

dals. The blotched color pattern is lost in the

adults, which are unicolor (? olive-) green.

The three young show total blotch counts vary-

ing from 89 to 101. The opening in the fronto-

parietal band is elongate.

Central American Series.—

A

population of

moderately short-tailed snakes with strongly

keeled dorsals in small number, large number
of ventrals, but only a moderate number of

caudals. The juvenile color pattern is lost in the

adults, which are unicolor light tan. The four

young show total blotch counts of 64 to 78. The

Table IV. Meristic Characters of Series of Elaphe triaspis

Locality No. Total Dorsals Ventrals

1

Subcaudals Body Blotches Total Blotches

MALES

Arizona 5 83-86

M =84.0
254-260

M =257.4 ±1.2
121-122

M =121.5
69 —

Chichen Itza 10 83-87

M =84.0
247-262

M =257.3 ±1.5
100-112

M =106.8 ±1.4
46-52

M =49.1 ±0.6
71-83

M =74.8

Chilpancingo 7 78-85

M =81.8
241-248

M =244.4 ±0.8
105-111

M =109.0± 1.1

55-66

M =60.5
80-104

M =92.0

Acahuizotla 6 79-83

M =81.3
249-257

M =253.7 ±1.3
123-126

M =124.3
54-65

M =59.5
93-104
M =97.3

Tehuantepec 8 81-85

M =82.5
249-257

M =254.1 ±1.0
119-126

M =122.8 ± 1.1

56-57

M =56.5
97-101

M =99.0

Central 8 73-82 247-264 110-115 44-56 71-78

America M =79.1 M =257.6 ±1.2 M =1 12. 5 ± 0.8 M =51.8 M =74.3

FEMALES

Arizona 2 91-92

M =91.5
272-273

M =272.5
104-105

M =104.5
73 93

Chichen Itza 12 85-95

M =89.1

261-273

M =268.8 ±1.1
87-97

M =93.6 ±1.1
43-57

M =48.8 ±1.0
60-78

M =68.3

Chilpancingo 9 81-93

M =87.1
256-271

M =264.9 ±1.6
89-94

M =91.3 ±0.7
61-67

M =64.0
86-97

M =92.0

Acahuizotla 2 87 274-281

M =277.5
106-110

M =108.0
58 87

Tehuantepec 5 85-91

M =87.0
266-280

M =274.4 ± 3.0

93-105
M =100.6 ± 1.2

59 89

Central
America

2 81-83

M =82.0
265-279

M =272.0
96-101

M =98.5
45 64
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opening in the frontoparietal band is elongate,

and the band is generally broken near the ante-

rior end of the parietals.

As indicated by the description above (and

Text-fig. 6), these various populations fall into

three main groups on the basis of adult color.

Correlated features of body proportions and
scutellation also suggest these basic divisions

(Table IV). The divisions are meaningful from
a geographic standpoint as well: the snakes of

the lowlands of the Yucatan Peninsula forming

one, the snakes of the highlands of Central

America another, and the snakes from the edges

of the Mexican Plateau and adjacent highlands

still another. These groups are discussed below.

Yucatan Peninsula

The Chichen Itza series is the most distinc-

tive, differing from all others in the retention of

the blotched color pattern throughout life and in

the possession of a round opening in the fronto-

parietal band (Text-fig. 9a). It also differs from
all series except that from Central America in

the more heavily keeled dorsal scales and in the

lower number of dorsal blotches. It has fewer

caudals than any series except that from Chil-

pancingo, and is distinctive in this respect (with-

out overlap) from three of the other five series.

A large number of dorsals is present (Table IV)

;

a feature completely distinguishing this series

from the Central American snakes.

Of the other snakes from the state of Yucatan
(Text-fig. 7), one (AMNH 38845 from Tekat)

retains the blotched color pattern at a body
length of 611 mm. The other two (from Maya-
pan and Merida) are juvenile, but all agree with

the Chichen Itza series in blotch number, the

round opening of the frontoparietal band, and
the total dorsal counts (Table V). The female

has an incomplete tail, but one of the males

(CNHM 40722 from Mayapan) has a sub-

caudal count that falls near the mean for the

Chichen Itza series (107); the other (CNHM
20603 from Merida) has fewer (95) than

shown by that series.

Three males and two females from Felipe

Text-fig. 7. Map of the Yucatan Peninsula showing the localities from which
specimens of Elaphe t. triaspis have been available. Belize, British Honduras,
is the type locality of this subspecies.
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Table V. Characteristics of Specimens from the Yucatan Peninsula

No.
1

Total
Dorsals

Ventrals Subcaudals
|

Body
Blotches

Total
Blotches

MALES

Chichen Itza 10 83-87 247-262 100-112 46-52 71-83

Merida 1 87 254 95 48 74

Mayapan 1 83 257 107 47 72
Felipe Carrillo 3 83-87 250-257 101 42-50 —
Uaxactun 1 88 250 107 55 83

Belize i 1 85 260 108 50 80

FEMALES

Chichen Itza 12 85-95 261-273 87-97 43-57 60-78

Tekat 1 89 270 52 —
Felipe Carrillo 2 89-91 271-281 87 48 65

'Type of Coluber triaspis Cope.

Carrillo Puerto, Quintana Roo, also agree with

the Chichen Itza series in most respects. Three

are adult and have retained the blotched pat-

tern. All agree with the Chichen Itza series in

blotch number, the round opening of the fronto-

parietal band and the total dorsal count. Two
specimens have complete tails, a male with 101

subcaudals and a female with 87 agreeing with

the Chichen Itza series in this respect also. A
single female differs from the Chichen Itza se-

ries in ventral number, having 281. This is the

only difference noted. However, the other fe-

male also has a ventral number above the aver-

age, and it appears that this is a real difference,

although a minor one, between the two popula-

tions.

Two other specimens from near the base of

the Yucatan Peninsula also agree with the

Chichen Itza series (USNM 24903, from Belize,

British Honduras, and USNM 64906 from
Uaxactun, Peten, Guatemala). They are both

juvenile males, but agree with the series in every

observable character (Table V). The fronto-

parietal band has a round opening in both.

Nomenclatural Note.—The specimen from

Belize (USNM 24903) is the type specimen of

Coluber triaspis Cope, 1 866. Since this is the

oldest name, this population-group of blotched

snakes possessing a round opening in the fronto-

parietal band makes up the nominate subspecies.

Central American Highlands

The Central American series is distinct in its

adult color pattern, a unicolor tan. It differs

from all series except the one from the Yucatan

Peninsula in the more strongly keeled dorsals

and the lower number of dorsal blotches in the

juveniles. It also differs from the series of the

Yucatan Peninsula in the possession of a broken

frontoparietal band with an elongate opening

and in having few dorsal scales. It thus differs

in at least two unrelated respects from the

snakes of other areas.

Four snakes are from “Vera Paz,” in the high-

lands of Guatemala. Thus, geographically, they

are from an area (Text-fig. 8) that lies between

the series from Central America and the one

from the Yucatan Peninsula. Three are adults,

with body lengths of more than 700 mm. None
of these show any signs of blotches, but are

unicolor light tan. The juvenile specimen

(USNM 24730), a male, has 51 body blotches

and a total blotch count of 78. It (Text-fig. 9b)

and two of the adults that show the head pat-

tern have a broken frontoparietal band with an

elongate opening. The total dorsal counts are 77

and 81 in the males, and 79 and 87 in the fe-

males. The ventral and subcaudal counts are

given elsewhere (Table VI). It may be seen

from these data that the Vera Paz snakes are

similar to the Central American series in all re-

spects, and show no evidence of close relation-

ship with the snakes of the Yucatan lowlands.

They differ from the latter in adult color pattern

and in the type of frontoparietal band; both fe-

males and one of the males differ in subcaudal

count, and both males and one of the females

differ in total dorsal counts. They differ from

the snakes of the Mexican Plateau in the same

ways that the Central American series does: in

adult color, in the fewer dorsal blotches of the

young and in the more strongly keeled scales.

Two specimens1 are available from the Pacific

1 A third specimen (UMMZ 119719) has come to

hand while this paper was in press. It is a juvenile fe-

male with a broken frontoparietal band, 85 total

blotches and 82 total dorsals. Thus its intermediate fea-

tures agree with the other two specimens.
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Text-fig. 8. Map of Central America showing the localities from which
specimens of Elaphe triaspis mutabilis Cope are available, and the nearest

localities for other forms. “Vera Paz” is the type locality for E. triaspis muta-
bilis. (Solid spots=£'. t. mutabilis, open spots=E. t. triaspis, half-shaded spots

—E. t. intermediaXE. t. mutabilis intergrades).

slope of the Guatemalan highlands. A juvenile

female (UMMZ 102560) agrees with the

Central American snakes in blotch number and
total dorsal number (Table VI), but differs

from them and agrees with the Tehuantepec se-

ries in ventral and subcaudal numbers, as well

as in the type of frontoparietal band, which is

complete. The other specimen (UMMZ 102561)
is an adult female. It is unicolor but so badly

darkened with strong formalin that the original

color cannot be determined. The head pattern is

visible, and is broken near the anterior edge of

the parietals. It appears to agree best with the

Acahuizotla and Tehuantepec series in scale

counts (Table IV), but the head pattern is simi-

lar to that of the Central American snakes. It

has 13 keeled dorsals at midbody, which also

suggests affinities with the Central American
snakes.

Nomenclatural Note. — The snakes from

“Vera Paz” include the holotype of Coluber

mutabilis Cope, 1885. Therefore these snakes,

which have few blotches and few dorsals, an

elongate opening in a usually broken frontopa-

rietal band, and become uniform tan as adults,

may be called Elaphe triaspis mutabilis Cope.

Mexican Highlands

Northward and westward from Guatemala
the highlands break up into a number of smaller

peaks and ranges. Only a single specimen, a

juvenile female (USNM 46512), is available

from this region south of the Isthmus of

Tehuantepec (Text-fig. 10). It is from Chilon,

Chiapas (Table VII), and might be expected

to show relationship with either the Central

American snakes or those from the Yucatan

Peninsula. Actually, it does not, but instead

agrees well with the series from the vicinity of

Tehuantepec (Table IV). Its head pattern is

similar to the snakes from farther north and

west, and the large number of dorsal blotches

(95) distinguishes it effectively from either of

the previously described population-groups.

The Tehuantepec series agrees well with the

series from Acahuizotla and from Arizona

(Table IV) . The only observable differences be-

tween them appear to be a reflection of the
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Text-fig. 9. Subspecific variation in the head pattern of Elaphe triaspis as shown in juvenile individuals:

a. E. t. triaspis, b. E. triaspis mutabilis, c. E. triaspis intermedia. The small rounded opening in the median

frontoparietal band in “a” is diagnostic of that subspecies.

small number of specimens from any one local-

ity. Therefore, they may be combined into a

single series characterized by numerous blotches

in the young and a uniform green coloration in

adults, a frontoparietal band that is usually un-
broken posterior to the frontal and with an elon-

gate opening (Text-fig. 9c), and large numbers
of ventrals and subcaudals (Table VII)

.

Four males and two female specimens are

available from Colima. The total blotch counts

of the females, 82 and 83, are lower than the

minimum observed in the combined series, but

not unexpectedly so considering the small num-
ber of observations. Three of the Colima speci-

mens have unbroken frontoparietal bands with

elongate openings, two have the band broken.

The two adult males are uniform gray (= green

in life). One of the males (MCZ 37156) has a

ventral count (247) that is slightly below the

minimum observed in the combined series

(249), but the other counts are within that

range (Table VII).

Among the other specimens, only the Chil-

pancingo series and a few scattered records de-

scribed below differ from the combined series

to any appreciable degree (Tables IV, VII).

The characters of the Chilpancingo series

present a problem that is of both biological and

nomenclatural importance. This series, with

other scattered specimens from the Balsas Valley

(hereafter called the Balsas population), differs

completely in ventral and subcaudal numbers

from the Acahuizotla series and other snakes

from the Pacific slope of the Sierra Madre del

Sur (Tables IV, VII). Yet Chilpancingo and

Acahuizotla are only about 15 miles apart (Text-

fig. 11). On the other hand, the Acahuizotla

series agrees completely with the Tehuantepec

series (some 300 miles to the south), and very

closely with the Arizona series (over 1,000
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Table VI. Characteristics of Specimens from Central America

No.
Total

Dorsals
Ventrals Subcaudals

Body
Blotches

Total
Blotches

MALES

Vera Paz i 2 77-81 249-255 107-115 51 78
El Salvador 2 V 261-264 112-115 44 —
Honduras 2 81 257-264 114 + 56 —
Nicaragua 1 79 255 114 51 78
Costa Rica 3 73-82 247-259 110-113 50-51 71-74

FEMALES

Yepacapa 1 81 269 94 53 77
Chiquimulilla 1 85 272 97 + — —
Vera Paz i 2 79-87 280-282 100-109 — —
Nicaragua 1 81 265 96 — —
Costa Rica 1 83 279 101 45 64

’Type series of Coluber mutabilis Cope.

miles to the north), in these features as well as

others (Table IV).

However, the numbers of ventrals and sub-

caudals are the only differences found between

the Balsas population and the other major se-

ries. Further, when specimens from areas other

than those from which series are available are

considered, some are found to bridge these dif-

ferences. Three specimens from Puebla (outside

the Balsas Valley) agree with the Balsas popula-

tion in ventral number but apparently have a

larger number of subcaudals (Table VII). The
specimens from Colima (described above and
Table VII) have only slightly higher numbers
of ventrals and subcaudals than those from the

Balsas Valley. Lastly, a specimen from as far

away as Sinaloa (UMMZ 114600) agrees with

the Balsas population in subcaudal number (and

apparently in ventral number as well, although

the ventral series has a small break. Table VII),

Text-fig. 10. Map of Mexico and adjacent regions showing the localities

from which specimens of Elaphe triaspis intermedia Boettger are available.

See Text-fig. 11 for details of the Chilpancingo region. (Solid spotsr=E. t.

intermedia, half-shaded spots=E'. t. intermediaXE. t. mutabilis intergrades,

open spots=E. t. triaspis.
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Text-fig. 11. Map of southeastern Guer-

rero, Mexico, showing the narrow zone

between specimens with high ventral and

subcaudal counts (Acahuizotla) and those

with low counts (Chilpancingo) . The town
of Almolonga (=Amula) is the type

locality of Coluber chlorosoma Gunther,

as here restricted. Shaded areas in the map
are above 1,500 meters in altitude. The
number of ventrals is plotted as a + mark
for isolated specimens. For the series, the

observed range is shown as a heavy hori-

zontal line and the mean as a vertical line.

Three standard deviations are plotted as

rectangles on either side of the mean, with

the first two shaded to emphasize the ex-

pected overlap between the snakes of these

populations, even though there is no
overlap shown by the two small series

available. Males only are plotted; the

females show about the same amount of

difference.

and a specimen from Apatzingan, Michoacan
(UMMZ 112513), in the lower Balsas Valley,

has counts typical of the coastal populations

(260 ventrals, 117 subcaudals).

Thus, even if it were deemed advisable to de-

scribe subspecies on the basis of ventral and sub-

caudal numbers only (and I do not believe it

is), it seems premature to apply a name to the

Balsas population at this time (although one is

already available, vide infra). The clear-cut dis-

tinction between the Chilpancingo and Azahui-

zotla series is very striking, and is undoubtedly

correlated with the environmental differences:

the xeric thorn scrub of the Balsas Valley con-

trasted with mesic tropical rainforest of the

Pacific slope. It may be that the two ends of a

circle of populations which are otherwise

clinally related meet here, or it may be that some
factor in the xeric environment has a direct

effect in reducing the numbers of ventrals and

subcaudals. Further analysis of this problem

must await a greater amount of information on
the extent of variation in the populations and
correlated ecological and life history studies in

the field.

Nomenclatural Note.—As previously shown
by Mertens & Dowling (1952: 197-201), the

type specimen of Pityophis intermedim Boettger,

1883, agrees with the snakes of the Mexican
highlands. Since this is the oldest available name
for these snakes, they are to be called Elaphe
triaspis intermedia Boettger.

Taxonomic Section

As indicated in the previous section, Elaphe

triaspis Cope may be divided into three geo-

graphic subspecies that differ from one another

mainly in color pattern, but also differ in body
proportions and scutellation. The following key

has been used to allocate the specimens used in

this study.

Key to the Subspecies of

Elaphe triaspis

1. Median frontoparietal band with a small

rounded opening at about the middle of the

interparietal suture (Text-fig. 9a)

E. t. triaspis (p. 71).

T. Median frontoparietal band with an elongate

opening (often breaking through the band)

which extends to the posterior end of the

frontal (Text-fig. 9b-c); OR band absent

(dorsal surface unicolor) 2

2(1')- Dorsal surface tan; OR (in juveniles)

total (body + tail) dorsal blotches fewer

than 80 E. triaspis mutabilis (p. 72)

2'. Dorsal surface green (gray or bluish in alco-

hol) ; OR (in juveniles total dorsal blotches

more than 79. .E. triaspis intermedia (p. 73)

While this key correctly identified all speci-

mens examined here, it seems possible that oc-

casional specimens of juvenile E. triaspis mu-
tabilis and E. triaspis intermedia might some-

times be misidentified. Questionable identifica-

tions should be checked against the various

items of scutellation, especially the numbers of

dorsals, ventrals, and caudals.
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Description of Subspecies

The characteristics of the various geograph-

ically different forms have been described

above, so here only the elements concerned

with the actual taxonomic treatment of these

forms are given.

Elaphe triaspis triaspis (Cope)

Coluber triaspis Cope, 1866: 128 (original descrip-

tion; “Belize”).

Natrix triaspis (Cope), Cope, 1887: 71 (listed).

Scotophis mutabilis (Cope), Bocourt, 1888: 680-82

[partim] (description; Yucatan).

Coluber triaspis Cope, 1892: 631 (in key).—
Gunther, 1894: 115 (listed, synonymizes C.

mutabilis Cope, 1885) .—Boulenger, 1894: 37

(description, possibly all referable to E. t. inter-

media ); 1896: 627 (scutellation; Yucatan).—
Gadow, 1905: 230 (northern origin).—Barbour
& Cole, 1906: 152 (quote letter from Stejneger

confirming synonymy of C. mutabilis Cope, 1885:

Chichen Itza, Yucatan).—Werner, 1929: 86 (in

key).

Elaphe triaspis (Cope), Amaral, 1929: 159 (listed).

Coluber triaspis Cope, Shattuck, 1933: 575-76

(listed; parasites; Chichen Itza, Yucatan).

Elaphe triaspis (Cope) , Schmidt & Andrews. 1936:

172-73 (scutellation; Merida and Chichen Itza.

Yucatan) .—Gaige, 1936: 299 (scutellation, hemi-

penis; Chichen Itza. Yucatan).—Andrews, 1937:

358 (scutellation; Merida and Chichen Itza,

Yucatan).—Smith, 1941: 134 (color pattern, con-

firms synonymy of C. mutabilis Cope, 1885 ) .

—

Schmidt, 1941: 500 (scutellation of type; British

Honduras ) .—Smith, 1943: 427 [partim] (scutel-

lation; Chichen Itza, Yucatan). Smith & Taylor,

1945: 60-61 (range in Mexico).—Smith & Taylor,

1950: 316 (type locality restricted to town of

Belize, British Honduras).

Elaphe triaspis triaspis (Cope), Stuart, 1948: 69

(recognized relationship with C. mutabilis

(Cope).—Mertens & Dowling, 1952: 201 (listed).

—Dowling, 1952b: 7 (listed).—Peters, 1953: 228

(new state record; Quintana Roo).

Definition.—A subspecies of Elaphe triaspis

characterized by a medial frontoparietal band

with a small rounded light spot at about the

middle of the interparietal suture (Text-fig. 9a),

and by the retention of a blotched pattern

throughout life.

Location of Type and Type Locality.—The
type specimen (USNM 24903) was collected at

“Belize” by Dr. Parsons. He is not known to

have collected anywhere in British Honduras
except in the vicinity of the town of that name,

and the specimen was probably collected there.

For this reason the prior restriction (Smith &
Taylor, 1950: 316) of the type locality to the

vicinity of the town of Belize, British Honduras,

is considered valid.

Table VII. Characteristics of Specimens from Mexico Excluding the Yucatan Peninsula

No.
Total
Dorsals

Ventrals Subcaudals
|

1

Body
Blotches

Total
Blotches

MALES

Combined Series 19 79-86 249-260 119-126 54-69 93-104
Tamaulipas
“Mexico” i

1 80 251 123 71 104
1 83 254 117 53 90

Sinaloa 1 78 243? 103 — —
Durango 1 83 253 110 — —
Jalisco 1 81 258 125 — —
Colima 4 80-83 247-251 121-124 62 104
Michoacan 5 83-85 249-260 114-120 54 88
Puebla 1 — 243 — — —
Balsas Valley 2 83-85 243-245 108-109 — —
Chilpancingo 7 78-85 241-248 105-111 55-66 80-104
Ocotito 1 83 258 125 — —
San Andres 1 83 244 120 — —

FEMALES

Combined Series 9 85-92 266-281 93-110 58-73 87-93
Tamaulipas 4 87-89 270-276 92 +-102 77 108
Sonora 1 90 281 99 + — —
Chihuahua 2 85-91 278 103 — —
Jalisco 1 95 263 92 — —
Colima 2 83-91 266-271 94-99 56 82-83
Puebla 2 87-89 266-268 94-100 — —
Chilpancingo 9 81-93 256-271 89-94 61-67 86-97
Chiapas 1 83 274 97 63 95

’Type of Pityophis intennedius Boettger.
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Description of Type Specimen.—The type

specimen of Coluber triaspis Cope is a juvenile

male. The head scutes are normal except the

left loreal is divided into three, the right into

two scutes; preoculars 1-1
;
postoculars 3-2; tem-

porals 3+4+5 and 3+4+6; supralabials 8-8,

infralabials 11-10; gulars 4. The dorsal scale

count is 29+35+21; ventrals 260; subcaudals

109. All dorsal rows are smooth at midbody, but

nine middorsal rows above the cloacal opening
are faintly keeled. There are 50 dorsal body
blotches and about 30 on the tail. The body is

almost cut in two anteriorly, making exact meas-
urement impossible, but the body length is about

360 mm.; tail length 95; head length 18.3; eye

length 2.6.

Range.—The Yucatan Peninsula; known from
Chichen Itza and Merida southward to Belize,

and Uaxactun in the Peten of Guatemala.

Discussion.—

A

total of 32 specimens, repre-

senting six localities, was available for study

(vide “Specimens Examined” below). The en-

tire series is rather homogeneous, with some
suggestion of increased ventral numbers (at

least in the females) in Quintana Roo (Table

V).

A summary of the characteristics of this sub-

species follows. The males (17) have body

lengths of 316-790 mm. (396-1,023 mm. in total

length), tail equals 28-29 per cent, of body

length in adults, eye equals 12-15 per cent, of

head length in adults, 1-2 preoculars, 2-3 post-

oculars, 1(3) +3+4 to 3+4+6 temporals, 8-10

supralabials, 10-11 infralabials, 29+33+21 to

31+37+23 dorsals, 247-262 ventrals, 95-112

subcaudals, 42-55 body blotches, 71-83 total

blotches. The females (15) have body lengths

of 318-912 mm. (385-1,112+ mm. in total

length), tail equals 23-24 per cent, of body

length in adults, eye equals 12-15 per cent, of

head length in adults, 1 preocular, 2-3 post-

oculars, 2(3) +3+4 to 3+4+6 temporals, 8-10

supralabials, 10-11 infralabials, 29+33+23 to

33+39+23 dorsals, 261-281 ventrals, 87-97

subcaudals, 43-57 body blotches, 60-78 total

blotches.

No specimens have been seen from areas

where intergrades between this subspecies and

adjacent forms would be expected (Text-fig. 7).

The specimen from Uaxactun (USNM 64906)

has a number of body blotches (55) that equals

the maximum found in the Chichen Itza series,

as does its total blotch count (83). It may thus

show some approach toward E. triaspis inter-

media to the west. However, its head pattern

and other characters (Table V) are typical of

E. t. triaspis.

Elaphe triaspis mutabilis (Cope)

Coluber triaspis Cope, 1879: 271 (listed; plateau

near San Jose, Costa Rica) [non C. triaspis Cope,

1866].

Coluber mutabilis Cope, 1885: 175-76 (original

description; type locality, “Vera Paz”).

Natrix mutabilis (Cope), Cope, 1887: 71 [partim ]

(listed; Costa Rica, Vera Paz).

Scotophis mutabilis (Cope), Bocourt, 1888: 680-82

[partim], pi. xlvi, figs. 2-2d, and [?] 2f (descrip-

tion; Vera Paz).

Coluber mutabilis Cope, 1892; 631 [partim ] (in

key).

Coluber triaspis Cope, Boulenger, 1894: 37 [partim]

synonymizes C. mutabilis Cope, 1885) [non C.

triaspis Cope, 1866].

Coluber polylepis Werner, 1896: 247-48, pi. 6, figs.

3a-c (original description: type locality, “Hon-
duras”).

Coluber mutabilis Cope, 1900: 855-57 [partim ]

(description; Vera Paz, Costa Rica).

Coluber triaspis Cope, Barbour & Cole, 1906: 152

(quote letter from Stejneger confirming synon-

ymy of C. mutabilis Cope, 1885) [non C. triaspis

Cope, 1866].

Elaphe triaspis (Cope), Smith, 1941: 134-35 (con-

firms synonymy of C. mutabilis Cope, 1885) [non

C. triaspis Cope, 1866].

Elaphe triaspis mutabilis (Cope), Stuart, 1948:

68-70 (scutellation of type specimens from
Guatemala, recognized relationships).

Elaphe triaspis (Cope), Taylor, 1951: 98 (descrip-

tion, scutellation of paratype of C. mutabilis

Cope from Costa Rica) [non C. triaspis Cope,

1866].

Elaphe triaspis intermedia, Mertens, 1952a: 93

(listed; new record; El Salvador) [non Pityophis

intermedius Boettger].

Elaphe triaspis mutabilis (Cope), Mertens & Dowl-
ing, 1952: 201 (listed).—Dowling, 1952b: 7-8

(listed) .—Mertens, 1952b: 64 (description; El

Salvador).

Definition.—A subspecies of Elaphe triaspis

in which the juveniles have fewer than 80 total

(body plus tail) blotches, and have a median
frontoparietal band with an elongate central

opening—the band usually broken at the fronto-

parietal suture (Text-fig. 9b). The adults are

uniform light brown dorsally.

Location of Type Specimen, and Type Local-

ity.—The holotype is USNM 6745 (not 6735, as

given in the original description), collected in

“Vera Paz” ( vide infra), Guatemala, by Henry
Hague. Of the six paratypes, three (USNM
6166, 24729-30) are also from Vera Paz and
one (USNM 9777) is from the vicinity of San

Jose, Costa Rica. The remaining two are re-

ferable to E. triaspis intermedia. One of these,
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collected by Duges in “Guanajuato” is appar-

ently the one labeled “Mexico” in the United

States National Museum (USNM 11354). The
other, collected by Sumichrast from the “Cen-

tral or elevated part of the state of Tehuante-

pec,” has not been located, but the area from

which it was taken is in the range of E. triaspis

intermedia.

Although the exact locality of the “Vera

Paz” specimens cannot be established, there is

good reason to believe (Stuart, 1948: 10) that

they were collected on the Caribbean slope of

the highlands of Coban (between Coban and

Chisec ?), Alta Verapaz, Guatemala.

Description of Holotype.— An adult female

with the following characters: oculars 1+2;
temporals 2(3)+3+5 on both sides; suprala-

bials 8-8, 4th and 5th entering orbit; infrala-

bials 11-11; gulars 4. The dorsal scale count is

29+35+23; ventrals 282; caudals 110. The full

scale formula is:

quimuilla) are considered to be intergrades E.

triaspis mutabilis X E. triaspis intermedia. Omit-

ting these two specimens, the characteristics of

E. triaspis mutabilis may be summarized as fol-

lows: The males (10) have body lengths of

255-795 mm. (325-1,045 mm. in total length),

tail equals 31-33 per cent, of body length in

adults, eye equals 13.5-15 per cent, of head

length in adults, 1 preocular, 2 postoculars,

1+3+5 to 3+5+6 temporals, 8-9 supralabials,

10-12 infralabials, 23+29+21 to 27+33+21
dorsals, 247-264 ventrals, 107-115 subcaudals,

44-56 body blotches, 71-78 total blotches. The
females (4) have body lengths of 313-cu. 900
mm. (384-ca. 1,140 mm. in total length) tail

equals 25-27 per cent, of body length in adults,

eye equals ca. 13 per cent, of head length in

adults, 1 preocular, 1-2 postoculars, 1(3) +4+5
to 3+4+5 temporals, 8-9 supralabials, 10-12

infralabials, 27+31+21 to 29+35+23 dorsals,

265-282 ventrals, 96-109 subcaudals, 45 body
blotches, 64 total blotches.

-7(28) +7(49) +8(60) +8(110) 8+9(144) 5+6(160)
31 29 3

1

33 35 33 31 -
-7(21) +8(53) +8(69) +8(104) 8+9(150) 6+7(161)

-7(166) -5(177) -6(203) 4+5(250)
_31 29 27 25_ .23 (282)

-7(169) 5+6(179) -6(203) 4+5(240)

The first 1 2 lateral rows of dorsals are smooth
at midbody, the medial 11 faintly keeled. The
dorsal coloration has faded to a uniform light

yellowish tan (probably originally light brown)
but the head pattern is visible and shows the

characteristic broken medial frontoparietal

band. The body is twisted, but is about 900 mm.
long; tail length 241; head length 30.3; eye

length 4.0.

Range.—The highlands of Central America,
from Guatemala southward to the vicinity of

San Jose, Costa Rica (Text-fig. 8).

Discussion.—A total of 12 specimens repre-

senting seven localities was available for study.

Certain data on two additional specimens from
El Salvador were also available. The characters

of this form appear to be rather constant

throughout the range (Tables III, VI). How-
ever, one individual from San Jose, Costa Rica

(MCZ 28068), the southernmost point in the

range, has the lowest dorsal count found in this

species: 23+29+21. The other three Costa
Rican specimens have more typical counts

(midbody counts of 31, 33, and 33) but some
reduction in dorsals is suggested.

The two specimens from the Pacific slopes of

the Guatemalan highlands (Yepacapa and Chi-

Elaphe triaspis intermedia (Boettger)

Pityophis intermedins Boettger, 1883: 148 (original

description; “Mexico”).

Coluber mutabilis Cope, 1885: 175-76 [partim ]

(listed: Oaxaca and Guanajuato).

Natrix mutabilis (Cope), Cope, 1887: 71 [partim]

(listed: Tehuantepec, Guanajuato)

.

Scotophis mutabilis (Cope), Bocourt, 1888: 680-82

[partim] (description: “Tehuantepec”).

Coluber mutabilis Cope, 1892: 631 [partim] (in

key).

Coluber chlorosoma Gunther, 1894: 115-16, pi. 41

(original description; Atoyac, Veracruz, Amula,
Guerrero, and San Ramon [Jalisco]).—Boulenger,

1894; 38 (description; “S. Mexico”).

Coluber triaspis Cope, Boulenger, 1894: 37-38

[partim] (description; Mezquital del Oro, Zaca-
tecas, and [?] Mexico City).

Coluber mutabilis Cope, 1900: 855-57 [partim]

(listed; Oaxaca and Guanajuato).

Coluber chlorosoma Gunther, Gadow, 1905: 233
(geographic dist.; Amula, Guerrero).

Elaphe chlorosoma (Gunther), Stone, 1911: 231
(first record for United States: Santa Rita Moun-
tains, Arizona) .—Stejneger & Barbour, 1917: 82
(listed).—Van Denburgh, 1922: 700-01 (de-

scribed).—Stejneger & Barbour, 1923: 90 (listed).

—Blanchard, 1925: 13 (in key).—Stejneger &
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Barbour, 1933: 98 (listed).—Oliver, 1937: 19-20

(scutellation; Colima, Colima).—Smith, 1938:

150 (differences from E. bairdi) .—Stejneger &
Barbour, 1939: 109 (listed).—Hartweg & Oliver,

1940: 22 (scutellation; Quiengola and Mixte-
quilla mountains near Tehuantepec, Oaxaca) .—

Perkins, 1940: 7, 32 (in key).—Taylor, 1940: 461
(description; El Sabino, Michoacan, and near
Chapala, Jalisco).

Elaphe mutabilis (Cope), Taylor, 1940: 459-60

(description of young; El Sabino, Michoacan)
[non C. mutabilis Cope, 1885].

Elaphe chlorosoma (Gunther), Taylor & Knobloch,
1940: 129 (description; Moguarichic [=Magua-
rachi]. Chihuahua).—Smith, 1941: 134-35 (iden-

tity of young; Colima, Colima, and El Sabino,

Michoacan); 1943: 426 (scutellation; Tres
Cruces, Oaxaca, and Guanajuato).

Elaphe triaspis (Cope), Smith, 1943: 427 [partim]

(description; Chilon, Chiapas).

Elaphe chlorosoma (Gunther), Stejneger & Bar-
bour, 1943: 137 (listed).—Woodbury & Wood-
bury, 1944: 368 (description of young; Tehuan-
tepec, Oaxaca).—Smith & Taylor, 1945: 58-59

(key; range in Mexico).—Stuart, 1948: 69 (rela-

tionships).—Perkins, 1949: 9, 38 (in key).—
Taylor, 1949: 170 (listed; [?] San Luis Potosi).

—Smith & Taylor, 1950: 334 (type locality re-

stricted to San Ramon, Jalisco) .—Hall, 1951: 204
(description; Chilpancingo, Guerrero).

Elaphe triaspis intermedia (Boettger), Mertens &
Dowling, 1952: 197-201 (name revived).—Dowl-
ing, 1952b: 8 (listed).

Elaphe triaspis (Cope), Martin, 1955: 173 (new
state record, Tamaulipas).

Elaphe triaspis intermedia (Boettger), Alvarez del

Toro & Smith, 1956: 13 (listed; Cerro del Sumi-
dero, 1200 m., Chiapas).—Duellman, 1957: 238
(new state record; Sinaloa), 1958: 11 (geogra-
phy; Colima).—Martin, 1958: 69 (ecology;
Tamaulipas).

Definition—

A

subspecies of Elaphe triaspis

in which the juveniles have a median fronto-

parietal band with the central opening extend-
ing forward to the posterior end of the frontal

scute (Text-fig. 9c), and have more than 79
total (body plus tail) dorsal blotches. The adults

are unicolor green dorsally (gray or bluish in

alcohol).

Location of Type Specimen, and Type Local-
ity—The type is in the collection of the Senck-
enberg Museum (SMF 34575). It is presently

recorded as being from “Mexico.”

Since three subspecies of Elaphe triaspis are

currently recognized and others may yet be de-

scribed, it seems apropos to restrict the type

locality. No information appears to be availa-

ble as to where Dr. Pagenstecher obtained the

specimen. It was originally listed as from “Gua-
yana” ( vide Mertens & Dowling, 1952: 198).
However, its characters are matched almost ex-

actly by those of the small series of snakes

(EHT 5190, 5191; UIMNH 17686) from Ha-
cienda El Sabino, Michoacan (Table VII).

While some of the other series approach the

characteristics of the type in some ways, this

is the only one that has such a close resem-

blance. Thus the type locality may logically be

restricted to Hacienda El Sabino, about 20 miles

south of Uruapan, Michoacan, Mexico.

Description of Type Specimen.—The type is

a juvenile male with a body length of 359 mm.
and a tail length of 97. The median fronto-

parietal band has an elongate opening that ex-

tends forward from the middle of the inter-

parietal suture to near the posterior end of the

frontal. There are 53 body blotches, some of

which are connected in zig-zag fashion (Mer-

tens & Dowling, 1952: fig. 1), and a total blotch

count of 90. The scale counts are: oculars 1+2;
primary temporals 2-3, the ventral “third” tem-

poral on the left side excluded from contact with

the postoculars; supralabials 8-8, 4th and 5th

entering the eye; infralabials 11-9; dorsals 3 1 [?]

+31+21, smooth; ventrals 254; anal divided;

caudals 117 pairs, some of them undivided

[Data from Dr. Robert Mertens, vide Mertens

& Dowling, 1952: 198].

Range.—On the mountain slopes from south-

eastern Arizona and Tamaulipas southward

through Mexico (but avoiding the central pla-

teau) to Chiapas (Text-fig. 10).

Discussion—A description of this subspecies,

based on 77 specimens from 34 different locali-

ties (vide “Specimens Examined” below), may
be summarized as follows: The males (45)

range from 319-902 mm. in body length (414-

1,213 mm. in total length), tail equals 31-37

per cent, of body length in adults, eye equals

13-16 per cent, of head length, 1-2 preoculars,

1-3 postoculars, 1(3) +3+4 to 3+4+6 tempor-

als, 7-9 supralabials, 9-11 infralabials, 27+30+
21 to 30+35+21 dorsals, 243-260 ventrals,

103-126 subcaudals, 53-69 body blotches, 80-

104 total blotches. The females (31) range from

324-1,161 mm. in body length (394-1,447+

mm. in total length), tail equals 21-26 per cent,

of body length in adults, eye equals 12-14 per

cent, of head length in adults, 1-2 preoculars,

2 postoculars, 2+3+4 to 3+5+6 temporals,

8-10 supralabials, 9-12 infralabials, 27+33+21
to 33+39+23 dorsals, 256-281 ventrals, 89-110

subcaudals, 56-77 body blotches, 82-108 total

blotches.

As noted above (p. 68) the Chilpancingo

series and other snakes of the upper Balsas Val-

ley differ considerably in ventral and subcaudal

counts from the Acahuizotla series and other

specimens from the coastal slope of the Sierra
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Madre del Sur. These differences do not appear

to deserve nomenclatural distinction, but a name
is already available for the Balsas population if

it should seem desirable to recognize it as a

separate form at some future time. One of the

three cotypes of Coluber chlorosoma Gunther

(1894) was recorded as from Amula, Guerrero,

which Davis (1955: 71) has recently identified

as the town now known as Almolonga, between

Tixtla and Chilapa east of Chilpancingo (Text-

fig. 11). The type of C. chlorosoma does not

appear to have been selected to this date (except

by inference, vide infra), so I here designate

the specimen from Amula (specimen “b” in

Boulenger, 1894: 38) as the lectotype. Thus,

Amula (= Almolonga), Guerrero, becomes
the type locality of C. chlorosoma Gunther by
present restriction. The characteristics of the

type (247 ventrals, 112 subcaudals) indicate

that it belongs to the Balsas population.

The prior restriction of the type locality of

C. chlorosoma to San Ramon, Jalisco (Smith

& Taylor, 1950: 334), is not recognized here

on two bases
: ( 1 ) the selection was apparently

done mechanically, without regard to biological

problems, (2) the specimen from San Ramon
(specimen “c” in Boulenger 1894: 38) is repre-

sented only by the head and neck, and is thus

unidentifiable if the populations with small num-
bers of ventrals and subcaudals should ever be

recognized.

The actual provenance of the third cotype

(specimen “a” in Boulenger, 1894: 38) is in

question. The locality was given as “Atoyac,

Vera Cruz,” by Gunther, but “Atoyak, Guer-
rero,” by Boulenger. Towns of this name are

located in both states, and the characteristics of

the specimen (260 ventrals, tail incomplete)

do not aid in the identification of the proper
“Atoyac,” though it would fit well into the

coastal population in Guerrero.

Some variation in adult coloration is found in

E. triaspis intermedia. The snakes from the

northern part of the range are gray-green {vide

description of Arizona specimen above) and
those from the south are dark olive {vide de-

scription of Acahuizotla specimen above). This
difference in coloration is not correlated with

the differences in scutellation noted above, how-
ever, since the Arizona (gray-green) snakes and
the Acahuizotla (dark olive) snakes are similar

in scutellation, while the latter differ from the

Balsas (dark olive) population in scutellation,

No descriptions of the live color of the snakes of

Colima have been made, but in alcohol they

appear lighter than most, and may differ from
both the above in adult color.

A specimen from Chilon, Chiapas (USNM

46512), is a typical representative of this sub-

species (Table VII). Two specimens from the

Pacific slopes of the Guatemalan highlands (de-

scribed above) are recognized as intergrades

E. triaspis intermedia X E. triaspis mutabilis. No
intergrades between E. triaspis intermedia and
E. triaspis triaspis are known.

Summary

The American ratsnake, Elaphe triaspis Cope,

is made up of three geographic subspecies that

differ mainly in adult coloration, but also differ

in head pattern, blotch number, number of

keeled scales and to some extent in numbers of

dorsals, ventrals and subcaudals. Adults of the

northern subspecies, E. triaspis intermedia

Boettger, are unicolor green. This subspecies

ranges from southeastern Arizona and southern

Tamaulipas southward along the slopes of the

Mexican highlands to Chiapas. Through most

of its range it is found in montane mesophytic

forest, but it has also invaded the xeric Balsas

Valley and part of the dry Pacific Coast of

Mexico. The southern subspecies, E. triaspis

mutabilis Cope, is apparently restricted to the

montane forests from the Guatemalan highlands

southward to the vicinity of San Jose, Costa

Rica. Adults are unicolor tan (greenish-tan in

life). The typical subspecies, E. t. triaspis Cope,

is found only on the xeric Yucatan Peninsula.

The adults of this form retain the blotched pat-

tern found in the young of all of the subspecies.

The population of E. triaspis intermedia in

the Balsas Valley of southern Mexico differs

from most of the other populations from which

samples are available in the low numbers of

ventrals and subcaudals. This apparent reduc-

tion in length, however, is the only feature in

which it seems to differ, and it is not here con-

sidered to be worthy of nomenclatural recogni-

tion. Nevertheless, the type locality of Pityophis

intermedius Boettger, 1883, was restricted to

Hacienda El Sabino, Michoacan, because of the

similarity of the type specimen to the small series

of specimens available from that locality. Also

the type of Coluber chlorosoma Gunther, 1894,

was selected from among the three cotypes: the

specimen “b” of Boulenger (1894: 38), from
“Amula” (^Almolonga), Guerrero, which be-

longs to the Balsas population. Therefore, the

name C. chlorosoma Gunther is available for

this population if should seem desirable to recog-

nize it nomenclaturally at some later date.

This species is only distantly related to other

American ratsnakes and agrees with other

American species of Elaphe only in general fea-

tures of scutellation and pattern that are also

held in common with other generalized colubrid
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genera. It differs from other species of Elaphe

in certain characteristics of the skull, in the type

of hemipenis, in the amount of sexual dimor-

phism and in certain features of ontogeny. It

seems likely that its closest relations are to be

found among Old World species. A somewhat
similar hemipenis was noted in a specimen of

Elaphe longissima from Europe, but the latter

differs from E. triaspis so greatly in scutella-

tion and habitus that no close relationship is

postulated on the basis of this single point of

similarity.
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Specimens Examined

Elaphe triaspis triaspis

British Honduras, Belize District, Belize (USNM
24903, type).

Guatemala, Departamento Peten, Uaxactun

(USNM 64906).

Mexico, Quintana Roo, Distrito Centro, Felipe

Carillo Puerto (UMMZ 113600-04). Yucatan

(CNHM 7007), Distrito Acanceh, Mayapan
(CNHM 40722); Distrito Merida, Merida (CNHM
20603); Distrito Tixkokob, “Tokat” [=Tekat?]

(AMNH 38845) ; Distrito Valladolid, Chichen Itza

(AMNH 7866, 38842-44; CNHM 20624, 26970,

40723, 49345; MCZ 7250, 28751-52; UMMZ
68234-35, 83293, 83929-30; USNM 46398, 46574-

77, 46579).

Elaphe triaspis mutabilis

Costa Rica (ANSP 22376), Departamento

Heredia, Cariblanco (MCZ 15270); Departamento

San Jose, vicinity of San Jose (MCZ 28068; USNM
9777, paratype).

El Salvador, (SMF 43186); Departamento La

Libertad, vie. Santa Tecla (SMF 43104).

Guatemala, “Vera Paz” (USNM 6745, holo-

type, 24729-30, 61066, paratypes).

Honduras, Departamento Tegucigalpa, Teguci-

galpa (MCZ 49804-05).

Nicaragua, Departamento Matagalpa, Matagalpa

(UMMZ 56496) ; 2 mi. E. San Ramon (UMMZ
116511).

Elaphe triaspis intermedia

Mexico (AMNH 19838), Chiapas, Distrito

Chiton, Chilon (USNM 46512). Chihuahua, Ma-
guarichi (UIMNH 17684, UMMZ 117768).

Colima (MCZ 11417, 37156), Distrito Alvarez,

1 mi. SW Puebla Juarez (UMMZ 115581-82);

Distrito Colima, Colima (CNHM 16161; UMMZ
80210).

Durango, Distrito Durango, ca. 10 mi. SW Du-
rango (UMMZ 118944).

Guerrero, Distrito Bravos, 1 mi. W. Acahuizotla

(TCWM 7427-32, 7501, 8579) ; vie. Chilpancingo

(CNHM 38293-94; MVZ 45076-85; KUMNH
23781-83); 10.4 mi. S. Mexcala (UMMZ 118522);
4 mi. N. El Ocotito (TCWM 12650); Omilteme
[3 miles northwest of Chilpancingo] (MCZ 42656).

Jalisco, Distrito Ahualulco, road to Cinco Minas,

Hostotipaquillo (AMNH 19770); Distrito Chapala

(?), Chapala (EHT 5192).

Michoacan, Distrito Tacambaro, about 10 miles

south of Tacambaro (UMMZ 99759); Distrito

Uruapan, El Sabino (EHT 5190-91; UIMNH
17686)

.

Morelos, Distrito Tetecala, 20 mi. NNE Iguala

(TCWM 12651).

Oaxaca, Distrito Huajuapan, 4.4 mi. NW Hua-
juapan (UMMZ 114404); Distrito Tehuantepec,



1960] Dowling: Taxonomic Study of the Ratsnakes, Genus Elaphe 77

Mixtaquilla Mountain (UMMZ 82570), Quiengola
Mountain (AMNH 65119, 65891; UMMZ 82569);
San Pedro Mountain (AMNH 65117, 66850), Santa
Lucia, about 4,000 feet (AMNH 65118); Tenango
(UIMNH 25104, 27575), Tres Cruces (USNM
110299-301); Distrito Teotitlan, Teotitlan (AMNH
65738) ; Distrito Zimatlan(l), San Andres Mixtepec
(UIMNH 17685).

Puebla, Distrito Tehuacan, vie. Tehuacan
(UMMZ 99891, 99893, 114601).

San Luis Potosi, Distrito Tamazunchale('l), 12.3

mi. N San Luis Potosi—Hidalgo boundary (UMMZ
117708).

Sinaloa, 13.8 mi. NNW Mazatlan (UMMZ
114600).

Sonora, Distrito Guaymas, 30 mi. N Guaymas
(CalAc 6310).

Tamaulipas, Distrito Sur, about 5 miles N of

Antiguo Morelos (UMMZ 101274), near Gomez
Farias (111094-96), about 5 miles W of Pano
Ayuctle (UMMZ 104043)

.

United States, Arizona, Cochise County, Public

Camp Ground at Chiricahua National Monument
(INHS 8305; UIMNH 29182); Santa Cruz County,
vicinity of Ruby (DZUA 500-01; W. H. Woodin
560), Santa Rita Mountains (CalAc 50185; ANSP
17895).

Elaphe triaspis mutabilis X intermedia

Guatemala, Departamento Chimaltenango, 10

kilometers northwest of Yepacapa (UMMZ
102560) ; Departamento Santa Rosa, Finca la Gloria

(UMMZ 102561).
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EXPLANATION OF THE PLATE

Plate I.

Elaphe triaspis Cope.

Fig. 1. Hemipenis of E. triaspis intermedia. The
presence of two proximal hooks and the

absence of proximal spinules and distal

lobes is characteristic of this section of the

genus. Drawn by William L. Brudon from

the inverted hemipenis of UMMZ 80210
that was split and spread flat.

Fig. 2. Living individual of E. triaspis intermedia

from the Chiricahua Mountains of Ari-

zona. Photograph by Sam Dunton of a

specimen collected by James A. Oliver.
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I. Introduction

RECENT work on the ritualization of signal

movements in the vertebrates has stressed

the role of conflict behavior in providing

postures upon which selection may act to yield

elaborately stereotyped displays; the final pro-

ducts of such evolutionary processes are fre-

quently found to be freed or “emancipated” from
the causal factors which mediated the ancestral

conflicts. These evolutionary changes have re-

cently been reviewed by Tinbergen (1952),

Morris (1956, 1957), and Blest (1960.1). The
position in the case of the invertebrates is less

clear. Various authors have provided evidence

to suggest that displacement behavior may oc-

cur in the invertebrates, and that in some cases,

at least, such acts may have been incorporated

into display behavior (Crane, 1949, 1952, 1955,

1957; Gordon, 1955), but to date there have
been few detailed examinations of any particular

instance. This paper will consider the usual

adult resting posture of a hemileucine saturniid

moth, Cerodirphia speciosa (Cramer), and will

show that, while displacement behavior cannot
be implicated in its evolution, it can be inter-

preted convincingly as an assimilated conflict

posture. The essential background to this study

will be found in a series of papers on saturniid

behavior published elsewhere and in preparation

(Blest, 1956; 1957.1, 2; 1958.1, 2; 1959; 1960.2;

Bastock & Blest, 1958).

The typical resting posture of the hemileucine

saturniids is shown in Text-fig. 1A. It is also

found in the Citheroniinae (Text-fig. IB, C).

The antennae are held tucked against the sides of

the thorax, just beneath the anterior margins of

the folded wings. In this position they are to a

greater or lesser extent concealed; the thin fili-

form antennae of female hemileucids are incon-

spicuous against thoracic hair of the same color.

Furthermore, in those species which were stud-

ied from the closely related Citheroniinae (e.g.,

Syssphinx, Adeloneivaia, Adelowalkeria, Adelo-

cephala and Eacles spp.), the antennal scape is

provided with hairs which at rest aid in conceal-

ing both the eye and the base of the antenna

(Text-fig. IB, C).

Unlike them, Cerodirphia when at rest holds

the antennae above the wings, and lying along

the dorsal surface of the thorax (Text-fig. 2A,

B). They are pale and conspicuous. The differ-

ence between this position and that typical for

the subfamily is superficially striking, and of a

type for which saltatory mutation is frequently

invoked as an explanation. It is similar to the

posture which is typical for the group of saturni-

ine genera which were formerly separated in the

Attacinae (i.e., Hyalophora, Philosamia, Roth-

schildia, Attacus and Epiphora ) . It will be shown
that the evolution of this resting posture can be

explained in terms of the interaction between

flight, settling and protective display behavior, of

the selective forces which have modified the

protective coloration of the species, and the com-
plex of behavior patterns associated with it.

This work was made possible by a grant to

the Smithsonian Institution, Washington, D. C.,

from the National Science Foundation, which

allowed the field study of New World saturniid

81
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Text-fig 1. The antennal resting positions of hemi-

leucine and citheroniine saturniids. A. Dirphia

(Periphoba) hircia, from side. B. Syssphinx molina,

from side. C. frontal view.

moths in Panama and in Trinidad from July,

1958, to January, 1959. In Panama, I am espe-

cially indebted to Dr. Martin Moynihan and Mrs.
Adela Gomez for help extended in a variety of

ways over a period of some five months. A stay

of six weeks in the Arima Valley of Trinidad was
made possible by the generous hospitality of the

New York Zoological Society’s Department of

Tropical Research. I am most grateful to Dr.

William Beebe, Miss Jocelyn Crane and Mr.
Henry Fleming of the department for advice

and assistance. The illustrations for this paper

were prepared by Mrs. J. Emsley, from living

specimens. I also owe a particular debt to Mr.

Per Host for the loan of a 16 mm. cine camera
throughout much of this six-month period.

II. Material

Cerodirphia speciosa (Cramer) is an ad-

vanced member of the Hemileucinae (Michener,

Text-fig. 2. The antennal resting position of Cero-

dirphia speciosa (Cramer). A. From side. B. frontal

view.

1952), and belongs to the group of genera which
includes Ormiscodes, Molippa and Dirphia. No
species of Ormiscodes has been available for

behavior study; members of the other two genera

were freely available in both Panama and Trini-

dad. They were:

Molippa simillima Jones; Panama and Trini-

dad
M. latemedia (Druce); Panama
Dirphia (Dirphia ) avia (Stoll) ;

Trinidad

Dirphia ( Dirphiopsis ) agis (Cramer); Pan-

ama
Dirphia (Dirphiopsis ) eumedide (Stoll); Pan-

ama and Trinidad

Dirphia (Periphoba ) hircia (Cramer) ; Trini-

dad
Dirphia (Periphoba) sp. (not identified);

Panama
Cerodirphia speciosa (Cramer); Trinidad

All the moths studied in the field were taken

at 150-watt Photoflood lights in the laboratory

clearings. A more detailed account of the two
jungle habitats will be given in a later publication

on the protective display behavior of some 50

species of hemileucine and citheroniine saturni-

ids. The condition of the moths at capture indi-
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cated that the majority were probably taken on

their first night of flight after emergence. Most
moths were stored after capture at approxi-

mately 6°C. in a refrigerator, and observed in

the course of the following day. Refrigeration

at this temperature does not impair the normal

behavior of saturniids when they are returned

to room temperature. The detailed laboratory

study of A utomeris aurantiaca (Weymer) which

provides the background against which the pres-

ent material will be interpreted was conducted

in London with two purchased stocks originating

from an unknown Brazilian source (Bastock &
Blest, 1958; Blest, 1958.1; 1959.1). The settling

and display behavior of representative species

was recorded on 16 mm. Kodachrome film at 24

frames/sec. and analyzed in the laboratory.

III. The Behavior Patterns and
Their Interactions

C. speciosa is an aposematic species, with al-

most unicolorous dusty pink fore and hind wings,

ornamented with a few whitish stripes, a black-

and-white-banded abdomen bearing an orange

anal hair tuft, and with a perceptibly unpleasant

odor. Correlated with these morphological fea-

tures is a striking absence of organized protec-

tive display behavior. Species in the allied genus

Dirphia, belonging to several different subgenera

(Dirphia ,
Periphoba, Dirphiopsis ) , are also dis-

tasteful (Blest, in prep.) but are to different de-

grees cryptic when at rest; their aposematism is

confined to abdominal striping which is evident

neither at rest nor in flight. Tactile disturbances

applied to resting moths, or even to moths in

flight, elicit a Type II Sustained Static Display

(Blest, 1957.2) in which the wings are strongly

elevated and adpressed dorsally, while the abdo-

men is tightly curled, exposing the aposematic

banding patterns; these postures are normally
maintained for periods of several minutes (Text-

fig. 3A, B, C.). Yet only exceptional individuals

of Cerodirphia will perform sustained displays

of this type (PI. I); in almost all specimens of

either sex, display is absent, and tactile distur-

bance stimulates immediate weak fluttering

flight, in which both the pink wings and the

brilliantly colored abdomen are well in evidence,

and the characteristic odor is dispersed in a dust

of loose scales and fragmented hairs. Even at

tropical temperatures, the flight of the more
heavily-built saturniids tends to be poorly effi-

cient when started from rest without a previous

period of “warming up” by “shivering” (Krogh
& Zeuthen, 1941). Cerodirphia rarely shivers

and the threshold for the tactile release of flight

is exceptionally low. In fact, this ready excit-

ability of flight responses is a sufficient explana-

tion for the absence of display, for there is evi-

dence that the balance between the two tenden-

cies to display and to fly, where both are released

by the same tactile stimuli, is mediated by re-

ciprocal inhibitory relationships between the two

systems controlling them (Bastock & Blest, 1958;

Blest, 1958.2); thus, a tactile stimulus results

in the simultaneous activation of both systems,

which is resolved in favor of one or other of

them. It follows that a disproportionately low

threshold and high excitability in one system, in

this case flight, will result in the total suppression

of the other, display. Such a disproportion, built

into the genetic constitution of the species, could

clearly be responsible for the characteristically

weak protective display behavior of Cerodirphia.

But a shift of this kind in the excitability of

flight responses would have another conse-

quence, which may be put to experimental test.

For this to be understood, the nature of the

settling responses of the Hemileucinae must

first be considered, together with the way in

which they are linked to flight performance and

flight excitation. When hemileucine moths settle

into the rest position from any other activity,

they perform rhythmic, side-to-side oscillations

by means of flexion and extension movements of

the legs; at the same time the head performs

side-to-side movements in phase, rotating around

the long axis of the body (Bastock & Blest,

1958) . The number of oscillations performed by

moths of a given age shows a direct linear re-

lationship to the duration of the preceding flight

performance (Blest, 1958.1). The optimal score

which may be yielded by a given flight perform-

ance may be reduced, however, by close proxi-

mity between the flight response and the act of

settling (Bastock & Blest, 1958), and by pro-

cedures which act to build up an excitatory state

in the flight system (Blest, 1960.2). Such states

may typically be produced by the action of a

series of tactile stimuli individually subliminal

for the release of flight; sufficiently long-con-

tinued they will summate to release flight, but in

the early stages of summation, the settling re-

sponse, if tested, is found to be in the course of

undergoing extinction (Blest, 1960.2). The re-

duced rocking responses so produced tend, par-

ticularly in the later stages of their decremental

course, to have a characteristic feature; the an-

tennae are not wholly retracted into the rest

position, and the steady decrease in the ampli-

tude of the rocking movements does not con-

tinue to zero (Text-fig. 4). Both these basic re-

lationships between flight and the settling res-

sponse are controlled by central nervous interac-

tions which are independent of all afferent path-

ways other than those implicated by the release

of flight (Blest, 1959).
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Text-fig. 3. The full protective display postures of some aposematic Hemileucinae. A. Dirphia (Dirphi

-

opsis) eumedide; note that the small, narrow antennae lie along the thorax beneath the wing-bases. B.

Dirphia ( Dirphia ) avia; the antennae are larger, light in color, and elevated during display. C. Dirphia

(Periphoba ) hircia; the large, lemon-yellow antennae are strongly elevated throughout display, and the

abdominal tip is orientated towards the uppermost side of the moth.

Now, from Automeris aurantiaca which have

flown sufficiently long to yield rocking response

strengths of between 10 and 20 oscillations, it is

rarely that a single tactile stimulus will elicit im-

mediate overt flight. Thus, if the strength of the

rocking response is tested at intervals of several

minutes, it is found to be stable; a single test,

although it involves from 2 to 3 seconds of

forced, tethered flight (see below), is not suf-

ficient to raise the basal level of flight excitation.

It might be supposed, then, that the procedure

used to test the strength of the rocking response

of Automeris aurantiaca, in which a de-alated

preparation from which the abdomen has been

removed is replaced on a substrate after a stand-

ard 2 to 3 seconds of forced tethered flight,

would fail to reveal a stable strength of the

rocking response for Cerodirphia after any in-
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L R

INCOMPLETE
RESPONSE

COMPLETE RESPONSE

Text-fig. 4. Diagram to illustrate the co-ordination

of an incomplete settling movement. At the left the

timing of a complete settling movement is shown.
The points represent the extreme left and right posi-

tions reached in successive swings of the oscillation.

The amplitude changes are not represented. The
diagram is derived from a film record of D. (Peri-

phoba) hircia. Note that at the point marked A
the antennae are still not fully retracted. In the

case of an incomplete response, the antennae re-

main elevated in the positions shown at B and C
in the diagram.

terval of rest. The test procedure itself would
throw the labile flight system into an unstable

state. Support for this latter assumption may be

found in the observation that resting Cerodirphia

in closed containers under diffuse daylight com-
monly indulge in sudden “spontaneous” bursts of

fluttering, either to stimuli so small as to escape

detection or, less probably, in their absence;

whichever is true, it would seem likely that Cero-

dirphia lacks a stable level of activity in the

flight system.

A number of fresh male individuals of Cero-

dirphia speciosa taken at light were treated in

the following way: it was firstly assumed that the

flight performance which brought them to light

after emergence was adequate to yield a rocking

response of the appropriate strength. No special

period of forced tethered flight, therefore, was
imposed upon them. Some 8 to 12 hours after

capture they were de-alated, the abdomen re-

moved, and, after five minutes for recovery ( an
interval known to be sufficient in the case of A.
aurantiaca)

,

tested for the strength of the rock-

ing response at intervals of 15 minutes from the

time of first testing. Preliminary tests showed
that the procedure followed with A. aurantiaca ,

which imposed 2 to 3 seconds of forced tethered

flight before each test, merely served to excite

sustained flight responses from Cerodirphia. For
this reason, the six males whose performance is

recorded in Table 1 were simply lifted with for-

ceps until their tarsi were all just out of contact

with the substrate, and then immediately re-

placed on it and the strength of the settling re-

sponse recorded. The results are clear; none of

the moths achieved a stable rocking response.

Thus, one further point may be made about the

settling behavior of Cerodirphia: the settling re-

sponses must be predominantly incomplete, a

fact which is masked by the aberrant antennal

rest-position.

The source of this position may now be inter-

preted through a comparison of the role of the

antennae in the aposematic displays of related

genera. Primitively, as in Molippa (and indeed,

in those distantly related or unrelated genera

which have evolved similar displays through

convergence, such as Hylesia, Citheronia, Adelo-

walkeria and Adeloneivaia spp.), the antennae

are inconspicuously colored and during display

remain, with the legs, tightly adpressed against

the thorax. This condition, which is also found

in Dirphia (Dirphiopsis) , is illustrated in Text-

fig. 3A. Through Dirphia ( Dirphia ) (Text-fig.

3B) to Dirphia\Periphoba) (Text-fig. 3C) there

is found a succession in which the antennae in-

creasingly contrast with the ground color of the

thorax and wings and during display become ele-
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Table I. Instability of the Rocking Response of Cerodirphia speciosa.

Each individual was retested at intervals of 15, 30, 45, 60, 75, 90, 105 and 120 minutes after the first

response at 0 minutes. Read horizontally, the figures give successive rocking scores.

Time in

minutes
0 15 30 45 60 75 90 105 120

a 16 12 10 15 4+f 0+f 16 7 4

b 0 5 7 4 4 13 4 6 0

c 1
* * 12 6 15 4 3 0

d 5{C

9,9 14 13 5 7 * 0

e * 3 1 14 0 7 12 2 3

f * * 5 * * 0 7 4 0

* — no settling obtained within 5 minutes of test,

f = test followed by spontaneous flight behavior within 5 minutes.

vated until in D. ( Periphoba ) hircia they are

large, bright lemon-yellow and lie parallel and
slightly anterolaterally to the fore-margins of

the elevated forewings throughout display. Com-
parison with the few specimens of Cerodirpliia

whose low flight excitability allowed the appear-

ance of transient display, showed that the anten-

nal position was identical.1 The relevant be-

havior patterns of the eight species are summar-
ized in Table 2.

Numerous observations have been made on
the display and settling behavior of D. ( Peri-

phoba ) hircia. The head rotations in this species

are exceptionally vigorous and easily traced, and
the strength of the rocking response is unusually

high; responses of over 40 oscillations are com-
mon in moths even when they are more than

24 hours old. An individual of A. aurantiaca of

the same physiological age would have to fly for

more than 60 minutes to achieve the same score,

and flight responses would in nearly all indi-

viduals be extinguished long before. Very fre-

quently, the head rotations of D. hircia are com-
menced at the same time that the wings are de-

pressed from the display position, and this is

particularly so when the strength of the rocking
response is high. For rocking responses of a

strength of 40 oscillations or more, it may be
found that as many as 15 oscillations have been
performed by the time that the wings are parallel

to the substrate, usually with the antennae still

strongly elevated and above them. Now, it has
been noted that incomplete rocking responses

start normally, but that the terminal stage of
the complete act, in which the antennae are fully

retracted, the amplitude declines to zero and the

1 It must be emphasized that this is to be treated as a
succession of display types only, and not as a phylogeny
of the genera used as examples. On morphological
grounds the relationship between Cerodirphia and the
subgenera of Dirphia is almost certainly rather distant
(Michener, 1952).

speed is most markedly accelerated, is, as it were,

amputated from the rest of the response. Thus
the effect of an increased excitability of flight

would be to increase the proportion of incom-

plete settling responses after display, so that a

more-or-less elevated position of the antennae

would become the predominant resting state.

There is no doubt that there is strong selection

pressure for the stabilization of antennal resting

positions, if only because they are found to be so

highly specific to particular taxonomic groups,

and so markedly stereotyped. The most plaus-

ible explanation of the resting position of Cero-

dirphia speciosa, then, assumes that it has arisen

adventitiously as a consequence of the radically

decreased flight threshold and the mode of pro-

tective display, and has subsequently been stabil-

ized by selection. The fact that the whitish anten-

nae provide a contrast against the pinkish-brown

thoracic hair and so add to the aposematic col-

oration may explain why selection has preferred

the incomplete settling response over that of

normal settling from flight.

IV. Discussion

The conflict situation basic to this example is

quite clearly rather different from the cases of

displacement activity which have been previ-

ously described for the invertebrates. Where
these are critically acceptable, they concern sit-

uations in which two incompatible activities are

simultaneously aroused, and the outcome of their

competition is the appearance of a third activity,

generally in a rather aberrant motor form, which

is ecologically or ethologically irrelevant to the

context in which it is found. It would be invi-

dious to repeat the numerous criticisms that have

been made of the earlier interpretations of the

causal structure of displacement activities (see,

for example, Hinde, 1956) . They have been con-

cerned both with the nature of the neural pro-

cesses which were originally postulated or im-
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Table II. The Main Features of the DisplayBehavior of 8 Species of Dirphia and Related Genera.

All the displays are basically Type II Sustained Static Displays (Blest 1957.2) with varying degrees of

modification. The orientated abdominal components when present, are used to direct the discharge of

nauseous meconium from the abdominal tip towards the source of stimulation. The degree of nauseousness

estimated was subjectively determined, and may not be the same for all observers.

Species

Diurnal

flight

threshold

Duration

of

display

Odor to

observer

Position of

antennae in

display

Color and
size of

antennae

Abdominal
orientation

components

Molippa simillima }

M. latemedia j

High Sustained Weak Retracted

against

thorax

Brown;
small

Absent

Dirphia ( Dirphiopsis ) j

agis )

D. ( D .) eumedide J

High Sustained Moderate Retracted

against

thorax

Black;

small

Absent; tip

of abdomen
slightly

mobile in

display

D. (Dirphia) avia High Sustained Moderate-

strong

Protracted

and elevated

to variable

position

Light brown;

moderate

Present, but

not well or

consistently

sustained

D. (Periphoba ) hircia } Very high Strongly Highly Strongly Lemon Present,

D. (P.) sp. ) sustained nauseous elevated and
orientated to

stereotyped

position

yellow; large sustained

and well

orientated

Cerodirphia speciosa Very low Absent, or

occasionally

transient

Moderate Strongly

elevated

Whitish;

small

Absent in

two transient

displays

plied, and with the presence, absence or degree of

available environmental or proprioceptive stim-

uli relevant to the release of the third “displace-

ment” activity. Here, it is sufficient to note that

the most acceptable view of displacement activi-

ties of this kind makes them formally similar

to the type of Sherringtonian interaction be-

tween reflexes (“positive induction”) in which
the simultaneous excitation of two reciprocally

inhibitory spinal reflexes lowers the threshold

for the excitation of a third, by the reduction of

the inhibition which the two primary reflexes

would otherwise independently exert upon it

(Sherrington, 1908; Kennedy, 1954; Bastock &
Blest, 1958).

The best examples to date among the arthro-

pods have concerned the appearance of dis-

placement feeding and cleaning movements in

crabs of the genus Uca when male sexual dis-

play is placed in conflict with escape behavior

(Gordon, 1955; Crane, 1957); and, in Droso-
phila melanogaster, the appearance of irrelevant

activities in the course of male courtship, under
circumstances which appear to thwart the male’s

sexual activity (Bastock & Manning, 1955).

Other examples are not so clear-cut, and may
possibly prove to be eligible as displacement be-

havior only under its less rigorous definitions.

These include the various conflicts and their

sequels which are believed to have given rise to

the protective display behavior of New World
mantids (Crane, 1952), and the inappropriate

responses released from male salticid spiders by

stimuli resembling those which release sexual

display, but which are either exaggerated or in-

complete (Crane, 1949). Some of the conceptual

problems arising from marginal examples of this

kind have been resolved by Andrew (1956.1 &
2), who has shown that in addition to displace-

ment behavior in the sense outlined above, ani-

mals may perform compromise behavior when
two incompatible tendencies are aroused simul-

taneously. Such conflicts characteristically select

certain mechanically compatible components, or

even shared components of the two competing
activities, and allow them expression (Andrew,
1956.1). Alternatively, one of the two tenden-

cies may be suppressed, and the other only al-

lowed partial expression; it is with this type of

outcome that we are concerned in considering

the conflict between flight and settling in the

Hemileucinae. Thus the sustained antennal ele-

vation which characterizes the incomplete settl-

ing which follows display by D. (Periphoba )

spp. can be defined as compromise behavior re-

sulting from the simultaneous activation of

flight (suppressed) and settling (partially sup-

pressed) behavior, and the antennal resting posi-
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tion as ritualized from this ancestral conflict.

The process by which this has been achieved can

be legitimately included under the classical usage

of the term “ritualization” (Tinbergen, 1952),

because the novel position of the antennae al-

lows them to participate in an aposematic inter-

specific signal.

Finally, it is worth noting that those other

genera of saturniids in which the same antennal

rest-position is found are also forms in which the

threshold of the flight responses appears to have

been secondarily reduced. Species of Hyalo-

phora, Rothschildia and Epiphora are extremely

readily disturbed from rest, and it has been

noted that in H. ( Callosamia ) promethea it is

only in young moths that vigorous and sustained

rhythmic displays can be obtained; in older

moths they are abbreviated or occluded by the

highly excitable flight response (Blest, 1958.2).

There exists a strong probability, therefore, that

this widespread antennal rest position may have

been evolved through a path similar to that

which has been here demonstrated for Cerodir-

phia speciosa. In conclusion, it may be empha-
sized that those processes which have been shown
to underlie the evolution of vertebrate signal

movements have counterparts in the evolution

of invertebrate behavior which possess a great

deal more than mere formal similarity; it

is clear that the processes being studied have at

least involved analogous types of causal mech-
anism.

V. Summary

1. The settling and protective display be-

havior of 8 species of New World hemileucine

saturniids from the genera Molippa, Dirphia,

and Cerodirphia is described. These are: M. sim-

illima Jones; M. latemedia (Druce); Dirphia

(Dirphia ) avia (Stoll); Dirphia (Dirphiopsis )

agis (Cramer); D. (D.) eumedide (Stoll); D.

(Periphoba ) hircia (Cramer); D.{P.) sp. (un-

identified); Cerodirphia speciosa (Cramer). All

possess scarcely modified Type II Sustained

Static Displays in which the wings are elevated

and the abdomen curled so that the terminalia

are approximated to the ventral surface of the

thorax.

2. In one species, Cerodirphia speciosa,

which has overtly aposematic coloration, the

resting posture is aberrant; the antennae at rest

are not retracted beneath the anterior margin of

the forewings, but lie above the plane of the

wings and along the dorsal surface of the thorax.

3. It is shown that in other species of hemi-

leucine saturniids, this antennal position is only

sustained when the full settling response is par-

tially suppressed by an excited but covert flight

tendency; such incomplete settling responses fail

to achieve the full act of antennal retraction.

4. The main behavioral adaptation of Cero-

dirphia to its over-all aposematic coloration is a

lowered flight threshold linked with an unstable

flight system. Unlike the other species, Cerodir-

phia will fly readily to any slight stimuli applied

during daylight. Such flight responses suppress

the static display, which can consequently be

elicited from few individuals of the species, and

then only as transient responses; in addition,

settling responses must necessarily tend to be

incomplete.

5. Selection, it is argued, has acted to stabil-

ize the antennal posture reached after display,

when the elevated antennal position is sustained

as a result of the partial suppression of the settl-

ing response by a covertly excited flight tend-

ency. The antennae are so enabled to participate

in an aposematic resting pattern.

6. Attention is drawn to the fact that this

complex interaction between three behavior pat-

terns, natural selection, and an existing trend

towards aposematic coloration, has produced an

end result of a type for whose origin saltatory

mutations have frequently been invoked as an

explanation.

VI. References

Andrew, R. J.

1956.1. Some remarks on conflict situations, with

special reference to Emberiza spp. Brit. J.

anim. Behav., 4, 41-45.

1956.2. Normal and irrelevant toilet behaviour

in Emberiza spp. Brit. J. anim. Behav., 4,

85-91.

Bastock, M., & A. D. Blest

1958. An analysis of behaviour sequences in

Automeris aurantiaca (Weym.) (Lepi-

doptera). Behaviour, 12, 243-284.

Bastock, M., & A. Manning

1955. The courtship of Drosophila melanogaster.

Behaviour, 8. 85-111.

Blest, A. D.

1956. Protective coloration and animal behav-

iour. Nature, 178, 1190-1191.

1957.1. The function of eyespot patterns in the

Lepidoptera. Behaviour, 11, 209-255.

1957.2. The evolution of protective displays in

the Saturnioidea and Sphingidae (Lepi-

doptera). Behaviour, 11, 257-310.

1958.1. Interaction between consecutive re-

sponses in a Hemileucid moth, and the

evolution of insect communication. Na-

ture, 181, 1077-1078.



1960] Blest: The Resting Position of Cerodirphia speciosa 89

1958.2. Some interactions between flight, pro-

tective display, and oviposition behaviour

in Callosamia and Rothschildia spp. Be-

haviour, 13, 297-318.

1959. The central control of interactions be-

tween behaviour patterns in a Hemileucine

moth. Nature, 184, 1164-1165.

1960.1. The concept of ritualisation. In “Modern
problems of the behaviour of man and of

animals,” ed. W. H. Thorpe and O. L.

Zangwill. Cambridge.

1960.2. The evolution, ontogeny and quantita-

tive control of the settling movements of

some New World Satumiid moths, with

some comments on distance communi-
cation by honey-bees. Behaviour, (in

press)

.

The evolution of protective display be-

haviour in some Central American
Saturniid moths (in prep.).

Crane, J.

1949. Comparative biology of salticid spiders

at Rancho Grande, Venezuela. Part IV.

An analysis of display. Zoologica, (N.Y.),

34, 159-214.

1952. A comparative study of innate defensive

behavior in Trinidad mantids (Orthop-

tera, Mantoidea). Zoologica, (N.Y.), 37,

259-293.

1955.

Imaginal behavior of a Trinidad butterfly,

Heliconius erato hydara Hewitson, with

special reference to the social use of color.

Zoologica, (N.Y.), 40, 167-196.

1957. Basic patterns of display in fiddler crabs

(Ocypodidae, genus Uca). Zoologica,

(N.Y.), 42, 69-82.

Gordon, H. R. S.

1955. Displacement activities in fiddler crabs.

Nature, 176, 356.

Hinde, R. A.

1956. Ethological models, and the concept of

“drive.” Brit. J. philos. Sci., 6, 321-331.

Kennedy, J. S.

1954. Is modern ethology objective? Brit. J.

anim. Behav., 2, 12-19.

Krogh, A., & E. Zeuthen

1941. The mechanism of flight preparation in

some insects. J. exp. Biol., 18, 1-10.

Michener, C. D.

1952. The Saturniidae of the Western Hemi-

sphere. Morphology, phylogeny and classi-

fication. Bull. Amer. Mus. nat. Hist. (New
York), 98, 339-501.

Morris, D. J.

1956. The function and causation of courtship

ceremonies. L’instinct dans le comporte-

ment des animaux et de l’homme. 261-286.

Fondation Singer-Polignac. Ed. Masson et

Cie, Paris.

1957. “Typical intensity” and its relation to the

problem of ritualisation. Behaviour, 11,

1 - 12 .

Tinbergen, N.

1952. “Derived” activities; their causation, bio-

logical significance, origin and emancipa-

tion during evolution. Quart. Rev. Biol.,

27, 1-32.



90 Zoologica: New York Zoological Society [45: 7: 1960]

EXPLANATION OF THE PLATE

Plate I. Cerodirphia speciosa (Cramer) perform-

ing a transient display. Note the elevated

antennae.



BLEST PLATE I

FIG. 1

THE RESTING POSITION OF CERODIRPHIA SPECIOSA (CRAMER)
(LEPIDOPTERA, SATURN 1 1 DAE): THE REALIZATION OF A CONFLICT POSTURE
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[This paper is one of a series emanating from the

tropical Field Station of the New York Zoological

Society, at Simla, Arima Valley, Trinidad, West
Indies. This station was founded in 1950 by the

Zoological Society’s Department of Tropical Re-
search, under the direction of Dr. William Beebe.

It comprises 200 acres in the middle of the Northern
Range, which includes large stretches of undisturbed

government forest reserves. The laboratory of the

station is intended for research in tropical ecology
and in animal behavior. The altitude of the research
area is 500 to 1,800 feet, with an annual rainfall of
more than 100 inches.

1 Contribution No. 999, Department of Tropical Re-
search, New York Zoological Society.

2 This study has been completed with the aid of
National Science Grant G6376.

[For further ecological details of meteorology

and biotic zones see “Introduction to the Ecology

of the Arima Valley, Trinidad, B.W.I.,” William

Beebe, Zoologica, 1952, Vol. 37, No. 13, pp. 157-

184].

Introduction

T he purpose of this paper is to describe

the first instar larvae of 14 species of

Heliconiinae distributed in Trinidad, W.
I. It is hoped that salient diagnostic characters

have been found that will lay the basis for future

descriptions in the Heliconiinae. Since the first

instar larva of a species represents an ancestral

condition and the least adaptive larval instar,

the present work may aid in the framing of a

more natural classification when a sufficient

number of descriptions of Heliconiinae and re-

lated Nymphalidae are assembled. Previous de-

scriptions of the first instar larvae of the Heli-

coniinae were written before the study of chae-

totaxy had been developed and also before the

modern stereoscopic microscope and illumina-

tors were available.

It would be premature to make any syste-

matic changes on the basis of the present study,

no matter how provocative some of the findings

are, since the present material represents but a

fraction of the approximately 500 forms de-

scribed in the Heliconiinae and the first instar

larvae are only one phase of the biological pic-

ture. However, it may be pointed out that on
the basis of the chaetotaxy of the first instar lar-

vae there is as much or greater evidence for the

erection of separate taxa for Heliconius doris

and H. wallacei than there is for separating Heli-

conius aliphera and ricini, as is done at the pres-

ent time. There is also evidence of a close

relationship in Heliconius species that are at

present widely separated on the basis of char-

acters of the imago.

91
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The position of the setae of the prothorax

has been figured for each species because of the

strong possibility that the relative position of

the subdorsal and lateral setal groups in par-

ticular may have phylogenetic significance. The
same thought has prompted the figures of the

crochets for each of the species. It seems likely

that the species having the most incomplete cir-

cles of crochets on the anal proleg are more
advanced than those with a nearly complete cir-

cle. The enlargement of some crochets suggests

a stage in the development of a uniserial condi-

tion.

While Trinidad is insular, it has a relatively

large heliconiine fauna. Nine species repre-

senting the three subgenera in the genus Heli-

conius were obtained, as well as a representative

species of five additional genera. Only one genus,

Podotricha Michener (1942a), was unavailable.

The illustrations are the patient and careful

work of two artists. All the text-figures were
drawn by Julie C. Emsley except 41 and 51

which were drawn by Frances Waite Gibson.

The responsibility for the emergence of the

larvae from the eggs was assumed at different

times by Susan Alan, Constance Carter, Frances
Waite Gibson, Rosemary Kenedy, Jane S. Kinne
and Barbara Young.

Other organizations and individuals that made
this study possible are the Alcoa Steamship Co.,

Mrs. Mabel Ingalls and Mr. Kurt Reisinger.

My thanks also go to Dr. William Beebe and
Jocelyn Crane for advice and criticism in the

various phases in the preparation of this paper.

External Morphology

While the external morphology of lepidop-

terous larvae is more uniform than that in other

orders of holometabolous insects, the terminol-

ogy applied to many of the structures is varied.

In this and the following section on chaetotaxy

I have given the important synonyms likely to

be encountered and the author and publication

in which the terms have been used. Since this

paper is descriptive, I have endeavored to use the

commonest and simplest structural terms avail-

able.

Head.—The head when viewed from the front

consists of two hemispheres separated ante-

riorly by a triangular plate. Each of the

hemispheres can be called an epicranium

(Forbes, 1910, 1923, and other papers). The
epicrania are the parietal lobes of Snodgrass

(1935, 1947). The triangular area between the

epicrania is here named the front. It is the cly-

peus of Snodgrass (1935, 1947) and the fronto-

clypeal apotome of Hinton (1947). In the first

instar only one suture is present between the

front and the epicrania, which is here called the

frontal suture (lateral adfrontal suture, Hinton,

1947). At the apical area of the head each of

the frontal sutures converges to form the epi-

cranial stem. This is the coronal stem of authors

and the median adfrontal suture of Hinton

( 1 947 ) . On the anterior edge of the front is the

clypeus, and the movable organ below the cly-

peus is the labrum. Below the labrum are the

mandibles. Cephalad of the most anterior ocelli

(ocellus 5) and approximately on the level with

the base of the mandibles are the antennae. Be-

neath the mandibles are the maxillae. A hypo-

pharynx lies between the maxillae and from the

distal end projects the spinneret with labial palpi

on each side. Six ocelli are present on the an-

terior lateral part of the epicranium, arranged

in a rough semicircle. They are numbered one
to six, starting with the most dorsal and posterior

ocellus and proceeding anteriorly.

Thorax.—The thorax consists of three seg-

ments with one pair of true legs to a segment.

Each leg is composed of a coxa, femur, tibia,

tarsus and claw. I have been unable to observe

a trochanter in the first instar. On the dorsum
of the prothorax is the prothoracic shield (cer-

vical shield of authors) and laterally on the same
segment a spiracle, the mesothoracic spiracle.

Abdomen.—The abdomen is divided into ten

segments. The third, fourth, fifth and sixth seg-

ments bear the ventral prolegs and the tenth the

anal prolegs. On the dorsum of the tenth or anal

segment there is an anal plate. On the distal end

of each proleg is a planta to which the crochets

are attached. In the first instar larvae of the

Heliconiinae the crochets of the ventral prolegs

form uniserial, uniordinal complete circles. The
crochets on the anal prolegs are variously in-

complete uniserial, uniordinal mesopenellipses.

The crochets of different species differ in the

number of crochets on the planta and most

often also in having several of the crochets

longer than others. The most mesal crochets of

the ventral prolegs and the anal prolegs are

usually longer.

Chaetotaxy

The terminology of Hinton (1946) has been

employed in this paper. Various other systems

or modifications of existing systems have been

in use, notably Dyar (1894), Quail (1904),

Fracker (1915), Heinrich (1916, 1918, 1921),

Forbes (1910, 1914, 1916), Ripley (1923) and

Gerasimov (1935, 1937, 1952). Hinton (1946)

and McGuffin (1958) have presented tables

comparing a number of the various systems.

The head of Heliconiinae larvae lacks the

vertical and the genal groups of minute cranial
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setae in all of the species studied. The number
of cranial punctures or pores has also been
reduced. Only puncture Fa, which is quite dis-

tinct, has been observed.

Thus, of the four (rarely five) minute setae

and eight basic punctures considered to be gen-

erally present in Lepidoptera, no minute setae

and only one puncture are present. On the other

hand, all of the twelve long setae which usually

occur on lepidopterous larval hemispheres are

present, along with the five setae customarily

on the front, adfrontal and clypeus. Various
other setae are present on the ventrum of the

head, associated with such structures as the

postmentum and basal regions of the maxillae,

but these appear to be of no taxonomic impor-
tance in Lepidoptera and have not been named.
In the first instar the setae on the labrum do not
appear to vary among the genera and species

of Heliconiinae. The important cranial setae are

illustrated in Text-figs. 1 and 2.

Clypeal setae (Heinrich, Ep. 1, 2; Ripley, C2,

1; Gerasimov, Cll, 12). Seta Cl is near the

cephalad ventral corner of the clypeus and seta

C2 mesad and caudad of seta Cl. Both setae are

subequal.

Frontal seta (Heinrich, Fr. 1; Ripley, FI;

Gerasimov, FI). Seta FI rises from slightly

nearer the base angles of the clypeus than to the

apical angle of the front. Seta FI may be smaller,

equal to, or greater in length than setae Cl and
C2, but it is always one of the shortest setae

of the head.

Adfrontal setae (Heinrich, Adf. 1, 2; Ripley,

A2, 1; Gerasimov, Fr. 1.1, 1.2). Setae AF1
and AF2 are most often slightly shorter than
the clypeal setae. Seta AF1 rises approximately
half-way between Seta FI and the apex of the

triangular front along the lateral side of the

frontal suture. Seta AF2 rises approximately
the same distance from the epicranial suture as

from the frontal suture.

Anterior setae (Heinrich, Ad-1, 2, 3; Ripley,

V9, 8, 4; Gerasimov, Al, 2, 3). Seta A1 is dorsal

of the ocelli and just above the base of the

antenna. Seta A2 lies caudad of seta Al and
nearer the frontal suture. Seta A3 is caudad and
laterad of seta A2. Seta A3 is the longest seta

of the anterior setal group and seta A2 is the

shortest or subequal with seta Al.

Ocellar setae (Heinrich, 0-3, 2, 1; Ripley,

V7, 5, 6; Gerasimov, Ol, 2, 3). Seta Ol is en-

closed within the pseudocircle formed by the

ocelli. Seta 02 is outside the ocellar circle and
caudad and dorsad of seta Ol. Seta 03 is caudad
and ventrad of setae Ol and 02. Setae 02 is the
longest seta of the ocellar group except in

Heliconius wallacei in which seta 03 is the long-

est. Seta 03 is usually slightly longer than seta

Ol but not infrequently subequal.

Subocellar setae (Heinrich, SO-1 , 2, 3; Ripley,

VI 1, 12, 10; Gerasimov, SOI, 2, 3,) Seta SOI
lies below the antenna, near the base of the

maxilla. It is very slender and often difficult to

discern. Seta S02 lies below ocellus 5 and nearer

the antennal base than to ocellus 5. Seta S03
lies on a line or just outside a line drawn between

ocellus 5 and ocellus 6. Seta S02 is the longest

seta of the subocellar group.

Lateral seta (Heinrich, L-l; Ripley, V3;
Gerasimov, LI). The lateral seta LI is dorsad

of ocellus 1 and approximately the same distance

from ocellus 1 as from the caudal margin of

the epicranium. It is laterad of seta P2. Seta

LI is approximately twice as far from the caudal

margin of the epicranium as seta 03. It is usually

much longer than seta 03 but is subequal in

Heliconius numata and shorter in Heliconius

wallacei.

Posterior setae (Heinrich, Pd-1; Ripley, V2,

1; Gerasimov, PI, 2). Seta PI is on the vertex

of the head near the anterior end of the epicran-

ial stem and seta P2 is caudad of seta PI. Setae

PI and P2 are the longest setae of the head.

These two setae vary among the species of Heli-

coniinae from Trinidad in the distance of each

from the epicranial stem.

No microscopic setae or proprioceptors have

been observed on the thorax or abdomen of the

Heliconiinae studied. Neither have any punc-

tures been seen on the prothoracic plate except

one, provisionally named XDc, in one species,

Dryas iulia.

XD group (Fracker, alpha, gamma; Gerasi-

mov, X, IX). The Heliconiinae in this paper

are unusual among Lepidoptera in having only

seta XD2 present on the prothorax. There is no

suggestion on the prothoracic plate of even an

aborted seta XD1. In most of the species dis-

cussed, seta XD2 is shorter than seta Dl, but

in Agraulis vanillae and Heliconius isabella the

two setae are subequal. Seta XD2 is longer than

seta D2 except in Philaethria dido and Helicon-

ius aliphera where the setae are subequal and in

Heliconius numata and Heliconius sara where

seta XD2 is shorter than seta D2.

Dorsal group (Fracker, alpha, beta; Gerasi-

mov, I, II). Setae Dl and D2 are present on all

the thoracic and abdominal segments. Seta Dl
is always anterior dorsad of seta D2 and is the

longest seta on the thorax and abdominal seg-

ments 1-8 except in Heliconius wallacei where
the two setae are subequal on the prothorax.

On the ninth abdominal segment of Heliconius



94 Zoologica: New York Zoological Society [45: 8

isabella seta D1 and seta D2 are subequal in

length, and in Heliconius wallacei seta D2 is

longer than seta Dl. In the remaining species

seta Dl is longer than seta D2 on the ninth

abdominal segment.

Subdorsal group (Fracker, rho, epsilon; Ger-

asimov, III, Ilia). Whereas setae Dl and D2
are each on a separate pinaculum except on the

prothoracic plate where they are associated

with XD2, setae SD1 and SD2 are on the same
pinaculum. The subdorsal group is bisetose on
the thorax and unisetose on the abdominal seg-

ments. On the prothorax seta SD1 is usually

distinctly dorsad and cephalad of seta SD2.
However, the relative positions of these two
setae, while subtle and difficult to describe, are

of diagnostic importance. For instance, in

Heliconius ricini seta SD1 is only slightly dorsad

of seta SD2 but very noticeably cephalad, while

in Heliconius aliphera seta SD1 is almost directly

dorsad of seta SD2 and but slightly cephalad.

Seta SD1 is a long, stout seta rivaling seta Dl
in size. Seta SD2 is always very slender regard-

less of its length. On the ninth abdominal seg-

ment seta SD1 is always shorter in length than
either seta Dl or seta D2.

Lateral group (Fracker, kappa, eta, theta on

the thorax and kappa, eta, mu on the abdomen;

Gerasimov, IV, V, VI). With one exception,

Heliconius ricini, both setae LI and L2 are

present on the prothorax and on the same pin-

aculum. Seta L2 is absent on the meso- and

metathorax. Both setae LI and L2 are present

on the abdominal segments on separate pina-

cula except on the ninth segment where only

seta LI is present. On the prothorax seta LI is

ventrad of seta L2 as well as longer and much
thicker. Setae LI and L2 vary in their relative

position to one another in the same manner as

the subdorsal setae (see Text-fig. 4). Seta LI
is approximately on the same level as the spir-

acle, and seta L2 is above the spiracle. Seta LI
on the meso- and metathorax is below the level

of the spiracle on the prothorax and also longer

than seta LI on the prothorax. Seta LI is slightly

below the level of the spiracle on the abdominal
segments and seta L2 is ventrad and cephalad
of seta LI. Seta L2 is more or less directly be-

low the spiracle. Seta LI on the ninth segment
is very short and thick but on approximately
the same level as seta LI on the eighth segment.

On abdominal segments 1-8 inclusive in two
species, Heliconius aliphera and wallacei, an

additional seta of the lateral group is present.

I have called this seta L3 and it is cephalad and
dorsad of seta L2 and on the same pinaculum.

It is doubtful, however, that this seta is seta L3
of other Lepidoptera. First of all, seta L3 is a

subprimary seta on the abdomen of other Lep-

idoptera. Secondly, in some species of H. walla-

cei an occasional adventitious seta will appear

on the pinaculum of seta L2, making a total of

three setae on the same pinaculum. This addi-

tional seta may appear on any of the first eight

abdominal segments, but in the specimens seen

only on one or the other side of the larva.

This additional seta may represent a stage in

development or loss of a verruca in Lepidoptera.

Seta L3 probably should be considered as a

secondary seta present in the first instar larvae.

Subventral group (Fracker, pi, nu, tau; Ger-

asimov, Vila, Vllb, VIIIc). Setae SV1 and SV2
are present on the same pinaculum on the pro-

thorax. Seta SV2 is anterodorsad of seta SV1
and much shorter and thinner. The subventral

pinaculum is directly below the subdorsal pin-

aculum and thus somewhat caudad of the lateral

pinaculum. It lies approximately midway be-

tween the spiracle and the base of the proleg.

In one species, H. wallacei, an additional seta

named SV3, is present. This must be a secondary

seta similar to seta L3 discussed under the lateral

group. In most species only seta SV1 is present

on the meso- and metathorax. In Dione juno

and Heliconius doris seta SV2 is present as a

very slender seta but is not necessarily shorter

than seta SV1. Only Heliconius wallacei has

seta SV2 present on the first abdominal segment.

Both setae SV1 and SV2 are present on abdom-
inal segments 2-6 inclusive in all of the species

studied. Only seta SV1 is present on abdominal
segments 7, 8 and 9.

Ventral group (Fracker, sigma; Gerasimov,

VIII). Seta VI is absent on the three thoracic

segments. There are three to five coxal setae

distributed on the anterior, mesal and posterior

sides of the coxae. Seta VI is present on the

first and second abdominal segments very near

the medio-ventral line and on the mesal side

of the ventral prolegs. It is always a very short,

fine seta. It is absent on abdominal segments 7,

8 and 9 but present on the 10th.

Methods and Diagnostic Characters

The equipment used consisted of a stereoscopic

microscope with a magnification of 112 diam-

eters and a very strong light. Two microscopic

illuminators were frequently used simultaneous-

ly. An ocular micrometer was used for all

measurements. A dissecting needle was used to

manipulate the larvae into suitable positions.

A small amount of cotton in a watch glass

was found most useful to support the larvae

in various unnatural positions. All larvae were

studied in 70 percent, alcohol.

It was found to be particularly important
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when measuring the setae to be sure that they

were silhouetted against the background and

that all parts were in the plane of focus. Unless

this is done very discrepant measurements will

result. When measuring the distance between

various setae of the head, the curvature of the

head was ignored, but the specimen was adjusted

under the microscope so that the base of each

seta was equally in focus. This was usually

equivalent to having the mid-point between any

two setae or the mid-point of a suture in the

center of the microscopic field.

A 10% solution of potassium hydroxide was
useful in clearing the head specimens. Clearing

was rarely of any value in rendering the setae

more visible but was helpful in determining

the absence of certain punctures of the head.

The width of the head was always determined

at its widest points. A frontal or dorsal view

gave the same measurements. Text-figs. 1 & 2

will orient the setae and other structures of the

Heliconiinae. The setae of the body are illus-

trated in Text-figs. 3a and 3b. The coxal setae

have been omitted from the pro- and mesothor-

acic figures, as no reference is made to them in

the tables or descriptions. The prothoracic plate

and pinacula in the setal figures have been

stylized as the outline of these structures varies

between individuals and has no taxonomic sig-

nificance.

The chaetotaxy of the last abdominal segment

has been ignored, as no significant characters

have been found, and the homologies of the

setae have not been resolved. The tables show
the lengths in microns of the setae of one speci-

men of each species. In the majority of species

five or six specimens have been seen. The lengths

Text-fig. 1. Chaetotaxy of the head of Heliconius

melpomene.

of the setae of the head appear to vary only

minutely between different specimens. The length

of the body setae XD2, Dl, D2, SD1, LI and

SV1 varies approximately 10 percent. The re-

maining setae of the body, which are the fine

setae, often vary much more. Thus, the unit

measurements are much less reliable than the

relative size of the setae. For instance, in Agrau-

lis vanillae and Heliconius numata it may be

stated that setae XD2 and Dl are subequal, but

that in the remainder of the species studied

seta Dl is longer than seta XD2. On the other

hand it can not be stated that seta Dl is a cer-

tain number of microns longer than any other

seta inter- or intraspecifically. For this reason

a percentage has been given in Table 1 compar-
ing the length of the setae of the head relative

to the width of the head, but no percentage is

given for the body setae.

The accuracy of measurements is within seven

microns. In the ocular micrometer used the

smallest unit distance was equivalent to 1316
microns at 112 diameter magnification. The
author felt capable of determining no smaller

division than half of the smallest micrometer
unit. Thus, any setae not differing by more than

13 or 14 microns are considered subequal, for

between the variations of the larvae and the

author’s limitations any smaller distance is

meaningless.

The descriptions following the species sum-
marize and give salient characters from the

tables and text-figures. The tables should be re-

ferred to for more complete details.

Papers other than those mentioned in the text

which are of assistance on larval morphology
or chaetotaxy are Crumb (1934), Dampf
(1910), Dyar (1896), Ferris (1943), Garman
(1921), Hinton (1952), Muller (1886), Peter-

Text-fig. 2. Chaetotaxy of head in ocular area ot

Heliconius melpomene.



96 Zoologica: New York Zoological Society [45: 8

A

and second abdominal segments. B. Chaetotaxy of 6th to 10th abdominal segments.

son (1948), Schierbeek (1917) and Tsou
(1914).

Reference should be made to “A Comparison
of Eggs, Larvae and Pupae in Fourteen Species

of Heliconiine Butterflies from Trinidad, W.I.”

by Beebe, Crane & Fleming ( Zoologica, 45:111)
for color notes and larval lengths of living speci-

mens of first instar larvae.

Classification

The species discussed in this paper have been

treated as a subfamily for convenience and not

because the present study has determined any

phylogenetic homogeneity with or proportion of

morphological differences from other nymphalid

relatives. The generic revision of Heliconiinae

by Michener (1942a) has been followed. Three

species, Heliconius melpomene, H. wallacei and

H. doris, from Surinam, have been studied and

do not vary from the Trinidad larvae of the

same species. All species treated in this paper are

nominate subspecies except for Heliconius mel-

pomene euryades (Riffarth), H numata ethilla

Godart, H. erato hydara Hewitson, H. ricini in-

sulana Stichel and H. sara thamar (Hiibner).

The only two forms restricted to Trinidad are

Heliconius melpomene euryades and H. ricini

insulana. The latter subspecies was not recog-

nized by Kaye (1921) nor were the nominate

subspecies designations of Dione juno, Agraulis

vanillae, Dryadula phaetusa, Dryas iulia and

Philaethria dido. Seitz (1913) was used as the
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authority for these forms with the exception of

Agraulis vanillae where Michener (1942b) was
used. Michener (1942a) divided the genus Heli-

conius into three subgenera. Heliconius isabella

is in his subgenus Eueides, H. aliphera in his

subgenus Semelia and the remainder of the

species of Heliconius from Trinidad in his sub-

genus Heliconius. Of the genera recognized by
Michener (1942a), only one genus Podotricha,

is absent from this paper.

Key to First Instar Larvae

1. Meso- and metathorax with two setae, SV1
and SV2, present on the same pinaculum . . 2

Meso- and metathorax with only one seta,

SV1, present on the subventral pinaculum. 3

2. Head with epicranial stem longer than frontal

suture. Seta D1 of the ninth adominal seg-

ment subequal or smaller than seta D1 of

abdominal segments 3-8. . .Heliconius doris

Head with epicranial stem shorter than frontal

suture. Seta D1 of the ninth abdominal seg-

ment 7/10 longer than seta D1 of abdominal
segments 3-8 Dione juno

3. Seta D2 of first two abdominal segments very

small; 1/10 of length of seta D1
Agraulis vanillae

Seta D2 of first two abdominal segments at

least Vs the length of seta D1 4

4. Abdominal segments 1-8 with three lateral

setae, LI, L2, L3, and with setae L2 and L3
on the same pinaculum 5

Abdominal segments 1-8 with only two lateral

setae, LI and L2 6

5. First abdominal segment with two subventral

setae, SV1 and SV2. Prothorax with seta

SV3 usually present though very small. . .

.

Heliconius wallacei

First abdominal segment with only one sub-

ventral seta, SV1. Prothorax with seta SV3
absent Heliconius aliphera

6. Seta D2 ventrad of seta XD2 on prothorax

Philaethria dido

Seta D2 dorsad of seta XD2 on prothorax .... 7

7. Distance of seta PI of head to epicranial stem
greater than the distance of seta P2 to epi-

cranial stem Dryas iulia

Distance of seta PI of head to epicranial stem
less than the distance of seta P2 to epicranial

stem 8

8. Epicranial stem of head longer than frontal

suture. Length of seta D1 of the prothorax
smaller than the length of the epicranial stem

Dryadula phaetusa

Epicranial stem never longer than frontal

suture. Length of seta D1 at least 1/5 longer

than the length of the epicranial stem ....

9

9.

Seta L2 of the prothorax absent. Head narrow,

approximately 350p, Heliconius ricini

Seta L2 of prothorax present. Head wide, at

least 475p or more 10

10. Head dark colored. Setae of body concolorous

and distal end not spatulate

Heliconius isabella

Head light colored. Setae of body with distal

ends light colored and spatulate 11

1 1 . Seta P2 of head longer than seta P 1 . Seta D 1 of

prothorax greater than twice the length of

the epicranial stem of head. Seta D 1 of meso-

and metathorax longer than on prothorax

Heliconius sara

Seta P2 of head shorter than seta PI. Seta D1
of prothorax never more than lVs times the

length of the epicranial stem. Seta D1 of

meso- and metathorax shorter than on pro-

thorax 12

12. Seta D2 of abdominal segments 1-8, Vs to 1/6

the length of seta D1 Heliconius erato

Seta D2 of abdominal segments 1-8 equal to or

greater than Vs the length of seta D 1 .... 1

3

13. Frontal suture of head V4 longer than epicranial

stem. Seta XD2 of prothorax longer than

seta D2. Seta L2 is the second largest seta on
the ninth abdominal segment

Heliconius melpomene

Frontal suture of head 1/10 longer than epi-

cranial stem. Seta XD2 of prothorax shorter

than seta D2. Seta L2 is the shortest seta on
the ninth abdominal segment

Heliconius numata

Description of the Species

Dione juno (Cramer)

(Text-figs. 4A, 5A; Tables 1-5)

Distinctive Characters.—Head medium dark

colored. Hind margin of head broadly indented

at dark sublateral spot. Dark hind marginal line

of head touching caudal edge of head dorsally

and at sublateral spot but curved cephalad sub-

dorsally and laterally. Epicranial stem slightly

longer (10%) than frontal suture. Distance of

seta P2 to epicranial stem greater than the dis-

tance of seta PI to epicranial stem. Distance

between ocelli 5 and 6 greater than the distance

between ocelli 4 and 5 or 4 and 6. Distance be-

tween setae PI and P2 less than the distance

between setae PI and A3 and greater than the

distance between setae A3 and LI. The distance

between setae PI and A3 less than than the dis-

tance between setae P2 and LI. Seta PI is the

longest seta and seta A3 and LI are subequal

and shorter than seta P2.

Length of seta XD2 of the prothorax approxi-

mately 3/5 the width of the head. Seta SD1
only slightly more cephalad than seta SD2.
Setae LI and L2 are similarly nearly vertical.
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Text-fig. 4. Chaetotaxy of prothorax of the Heliconiinae of Trinidad. A. Dione juno; B. Agraulis vanillae;

C.Dryadula phaetusa; D. Dryas iulia; E. Philaethria dido; F. Heliconius isabella; G. Heliconius aliphera;

H. Heliconius melpomene; S. Heliconius numata; J. Heliconius erato; K. Heliconius ricini\ L Heliconius

sara; M. Heliconius wallacei; N. Heliconius doris.

The lateral group is directly below the subdorsal

group.

On the meso- and metathorax, seta D1 is

shorter than seta SDL Two subventral setae,

SV1 and SV2, are present and originate on the

same pinaculum.

On the first and second abdominal segments,

seta SD1 is longer than seta Dl. On the remain-

ing abdominal segments there is very little dif-

ference in the length between seta LI and L2.

The size of the 15 crochets of the ventral

prolegs is evenly graduated from small slender

crochets to stout long crochets. On the anal

prolegs 17 crochets are present and complete

7/9 of a circle.

Comparison with Other Heliconiinae of Trin-

idad.—Dione juno is distinctive with Heliconius

doris in possessing two setae in the subdorsal

group on the meso- and metathorax. Hinton

(1946, p 34) notes that the first instar larvae

of Sphingidae (Spinx ) and Notodonidae (Cer-

ura ) possess seta SV2 and suggests that this

seta has evolved de novo. Seta SV2 in D. juno

is approximately half the length of seta SV1
while in H. doris the two setae are subequal. In

D. juno the epicranial stem is longer than the

frontal suture while in H. doris the frontal suture

is the longest. In H. doris seta P2 is the longest

seta of the head while Seta PI is the longest in

D. juno. In D. juno the respective setae of the

thorax and abdomen are shorter than in H.

doris, both in actual length and in length relative

to the width of the head. On the meso- and meta-

thorax, seta SD1 is longer than seta D i in D. juno

while the reverse is true in H. doris. On abdominal

segments 3-8 of D. juno, the lateral setae are

subequal while in H. doris seta L2 is much
shorter than seta LI. Seta Dl of the ninth ab-

dominal segment of D. juno is much longer than

seta Dl of abdominal segments 3-8, while seta

Dl of H. doris is respectively subequal or shorter.

Agraulis vanillae (Linnaeus)

(Text-figs. 4B, 5B; Tables 1-5)

Distinctive Characters.—Head very dark col-

ored. Hind margin of head sinuate, broadly
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Text-fig. 5. Crochets of ventral and anal prolegs of the Heliconiinae of Trinidad. The anal proleg above
ventral proleg. A. Dione juno; B. Agraulis vanillae; C. Dryadula phaetusa; D. Dryas iulia\ E. Philaethria

dido
;

F. Heliconius isabella ; G. Heliconius aliphera; H. Heliconius melpomene; I. Heliconius numata; J.

Heliconius erato; K. Heliconius ricini; L. Heliconius sara; M. Heliconius wallacei; N. Heliconius doris.

curved cephalad subdorsally and curved caudad
sublaterally. A dark colored line on edge of hind

margin of head. Frontal suture longer than epi-

cranial stem. Distance between ocelli 4 and 5

less than the distance between ocelli 5 and 6.

The distance across the ocular pseudocircle be-

tween ocelli 4 and 6 greater than the distance

between ocelli 5 and 6. Seta P2 further from epi-

cranial stem than seta PI. Distance between

setae PI and P2 less than the distance between
setae PI and A3 and greater than the distance

between setae A3 and LI. The distance between

setae PI and A3 less than the distance between

setae P2 and LI. Seta PI is the longest seta on

the head while setae A3 and P2 are subequal

and longer than seta LI.
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Table 3. Length of Setae (in Microns) of Prothorax and Mesothorax in Heliconiinae.

Species

Prothorax Mesothorax

XD2 Dl D2 SD1 SD2 LI L2 SV1 SV2 SV3 Dl D2 SD1 SD2 LI SV1 SV2

Dione
juno 333 360 227 280 227 160 67 173 93 293 200 333 200 213 133 67

Agraulis
vanillae 267 267 200 333 133 80 67 147 80 333 213 320 93 227 133 0

Dryadula
phaetusa 360 400 280 320 213 133 93 160 93 360 253 400 253 320 213 0

Dryas
iulia 307 373 187 347 213 160 93 173 133 360 160 333 267 280 227 0

Philaethria

dido 320 400 320 293 213 133 93 187 133 360 307 307 240 267 227 0

Heliconius
isabella 453 440 426 387 200 133 80 147 53 373 373 307 187 240 147 0

Heliconius
aliphera 333 400 333 333 200 240 107 200 107 378 346 378 147 320 160 0

Heliconius
melpomene 306 400 267 267 187 127 67 107 67 347 293 333 133 267 173 0

Heliconius
numata 227 333 280 307 147 160 40 160 67 267 227 293 113 340 187 0

Heliconius
erato 347 467 293 400 187 173 93 160 80 413 307 387 130 333 187 0

Heliconius
ricini 253 440 200 280 93 80 0 120 40 280 240 213 93 240 107 0

Heliconius
sara 320 480 467 373 160 240 133 120 93 573 546 333 160 333 80 0

Heliconius
wallacei 373 427 333 320 187 80 80 133 107 30 467 467 400 173 333 187 0

Heliconius
doris 413 547 320 393 213 200 200 133 67 547 307 387 253 280 160 160

On the prothorax, setae XD2 and D1 are sub-

equal and seta XD2 is shorter than SD1. Seta

SD1 is only a little cephalad of seta SD2 and,

thus, almost directly dorsal. Seta LI dorsad and
slightly anterior to seta L2. On the meso- and
metathorax, seta SD2 is less than a third the

length of seta SDL
On the first two anterior abdominal segments,

seta SD1 is longer than seta Dl. On the remain-

ing abdominal segments, seta Dl is longer than

seta SDL Seta D2 is extremely small on all of

the abdominal segments, being only 1/6 to 1/8

the length of seta Dl. On the ninth abdominal

segment, seta LI is less than 1/10 the length of

seta Dl and less than 1/4 the length of seta SDL
On abdominal segments 2-8, seta LI is subequal

or longer than seta DL
The crochets of the ventral prolegs are longer

and broader posteriorly than anteriorly. Sixteen

crochets are present, of which eight are larger

than the remainder. Thirteen crochets are pres-

ent on the anal prolegs and comprise approxi-

mately 2/3 of a complete circle. The mesal

crochets of the anal prolegs are larger.

Comparison with Other Heliconiinae of Trini-

dad.—A graulis vanillae is remarkable among the

Heliconiinae of Trinidad in the extreme short-

ness of seta D2 of abdominal segments 1-8, both

in linear length and in relation to the other setae.

Only in Heliconius ricini and A. vanillae are

setae P2 and A3 subequal in length. On the

prothorax, seta XD2 is subequal with seta Dl.
In Heliconius Isabella seta XD2 is usually

slightly longer than seta Dl. Otherwise, in the

remainder of the Heliconiinae dealt with in this

paper, seta XD2 is shorter than seta DL On the

meso- and metathorax of A. vanillae, seta SD2
is less than Vs the length of seta SDL In other

Heliconiinae the length of seta SD2 is greater

than Vs the length of seta SDL

Dryadula phaetusa (Linnaeus)

(Text-figs. 4C, 5C; Tables 1-5)

Distinctive Characters.—Head dark colored.
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Table 4. Length of Setae (in Microns) of First and Second Abdominal Segments in Heliconunae.

Species

First Second

Di D2 SD1 LI L2 L3 SV1 SV2 VI Dl D2 SD1 LI L2 L3 SV1 SV2 VI

Dione
juno 280 133 293 187 200 0 147 0 53 240 120 267 240 200 0 147 53 40

Agraulis

vanillae 253 25 280 227 173 0 107 0 53 253 25 280 240 200 0 180 93 53

Dryadula
phaetusa 307 200 387 333 280 0 200 0 120 320 200 387 360 307 0 240 107 120

Dryas
iulia 333 160 347 293 213 0 167 0 67 333 160 347 293 213 0 160 80 80

Philaethria

dido 360 227 360 320 240 0 187 0 93 360 227 360 320 240 0 187 133 93

Heliconius

isabella 347 267 360 253 200 0 133 0 120 347 267 360 253 200 0 133 120 40

Heliconius

aliphera 560 200 453 333 267 213 240 0 93 533 187 453 320 280 200 227 147 93

Heliconius

melpomene 347 200 280 160 167 0 100 0 53 280 120 333 227 200 0 187 80 53

Heliconius

numata 267 147 267 200 187 0 107 0 67 253 137 253 213 213 0 107 67 67

Heliconius

erato 360 120 253 267 200 0 147 0 67 360 120 253 267 240 0 133 93 67

Heliconius

ricini 240 133 267 227 93 0 40 0 14 240 133 267 227 93 0 40 14 14

Heliconius

sara 600 140 413 293 160 0 107 0 67 533 147 413 293 160 0 107 80 67

Heliconius

wallacei 600 213 453 347 147 120 133 53 53 600 213 453 347 147 120 173 107 53

Heliconius

doris 440 280 387 307 160 0 93 0 7 373 200 360 307 147 0 147 53 7

Hind margin of head irregular, shortly but

broadly directed caudad in lateral part of head.

Dark band on hind margin of head broad. Epi-

cranial stem longer than frontal suture. Dis-

tance between ocelli 4 and 6 greater than the

distance between 5 and 6 or between ocelli 4 and
5. Distance between ocelli 5 and 6 and between
ocelli 4 and 5 subequal. Seta P2 further from the

epicranial stem than seta PI. Distance between
setae PI and P2 greater than the distance be-

tween setae PI and A3. Distance between setae

PI and A3 greater than the distance between

setae P2 and LI and also setae A3 and LI. Seta

P2 is the longest seta on the head and, in de-

creasing lengths, setae PI, LI and A3.

The lengths of the setae on the thorax and
abdomen are relatively short in comparison to

the size of the larvae. On the prothorax, seta D2
is equidistant from setae D1 and XD2. Seta

SD1 is definitely anterior to seta SD2 and only a

little dorsad. The lateral setae almost form a

vertical line. On the meso- and metathorax, seta

SD1 is longer than Dl. On the first two anterior

abdominal segments, seta SD1 is considerably

longer than seta Dl. On segments 3-8 inclusive,

these setae are subequal. While the 17 crochets

grade quite evenly in size from the anterior to

the posterior part of the ventral proleg, three ex-

ceptionally stout and long crochets are noticable.

The crochets are larger on the mesal than the

lateral aspect, with the largest on the posterior

part of the planta. The anal proleg has 17

crochets, with the larger crochets on the mesal

and posterior part of the planta.

Comparison with Other Heliconiinae of Trin-

idad—The width of the head of Dryadula phae-

tusa is only exceeded by that of Philaethria dido.

The epicranial stem is longer than the frontal

suture which separates D. phaetusa from all the

species in the genus Heliconius except H. ali-

phera. H. aliphera is a very much smaller larva,

with relatively much longer body setae and

abdominal segments 1-8 with three lateral setae.

Both Philaethria dido and Dryas iulia have light

heads, in contrast to the dark head of D. phae-

tusa. In P. dido setae PI and P2 are equidistant
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Table 5. Length of Setae (in Microns) of Sixth and Ninth Abdominal Segments in Heliconiinae.

Species
Sixth Ninth

Dl D2 SD1 LI L2 L3 SV1 SV2 VI Dl D2 SD1 LI SV1

Dione
juno 253 120 213 213 200 0 67 40 27 347 200 133 53 93

Agraulis
vanillae 200 27 200 213 147 0 147 67 27 280 173 120 27 107

Dryadula
phaetusa 360 147 360 320 267 0 173 53 53 267 147 120 120 147

Dryas
iulia 267 133 293 267 240 0 160 67 40 307 167 147 93 120

Philaethria

dido 320 227 360 258 240 0 80 53 13 333 227 173 133 160

Heliconius

isabella 333 200 307 213 200 0 80 53 27 440 427 133 93 93

Heliconius

aliphera 507 160 413 333 240 187 173 107 27 467 347 173 160 133

Heliconius

melpomene 320 213 307 240 200 0 120 80 27 333 173 133 240 133

Heliconius
numata 267 120 227 227 200 0 93 67 27 293 213 107 40 67

Heliconius

erato 387 67 333 240 227 0 147 80 40 360 307 27 67 87

Heliconius

ricini 240 120 267 227 133 0 53 40 40 293 227 93 93 27

Heliconius
sara 507 133 360 267 173 0 93 40 13 333 413 200 147 80

Heliconius
wallacei 507 173 400 293 213 120 133 67 53 440 360 160 93 107

Heliconius

doris 400 200 480 267 160 0 40 93 27 373 307 173 93 40

from the epicranial stem, in D. iulia seta PI is

further from the epicranial stem than seta P2
and in D. phaetusa seta P2 is further from the

epicranial stem than PI. Dione juno has seta

SV2 present on the meso- and metathorax, a

character otherwise present only in H. doris. D.
phaetusa is the only species in which the dis-

tance between setae PI and P2 is greater than

the distance between setae PI and A3. On the

meso- and metathorax, seta SD1 is longer than

seta Dl. This character is shared with D. juno

and Heliconius numata.

Dryas iulia (Fabricius)

(Text-figs. 4D, 5D; Tables 1-5)

Distinctive Characters—Head light colored.

Hind margin of head sinuate and curved cepha-

lad above the sublateral area. A poorly defined

sublateral rectilinear spot. The marginal band
evenly broadened above the sublateral area. Epi-

cranial stem longer than frontal suture. The dis-

tance between ocelli 5 and 6 equals the distance

between ocelli 4 and 6. The distance between

setae PI to A3 is the same as the distance be-

tween setae P2 and LI. Seta P2 is the longest

seta on the head and, in descending order of

length, setae PI, LI and A3. Seta P2 is approxi-

mately 25% closer to the epicranial stem than

seta PL
This is the only species of the Trinidad Heli-

coniinae in which a puncture has been found on

the prothoracic plate. It is a small puncture an-

terior to seta D2 and equidistant between setae

Dl and XD2. I am provisionally calling this

puncture XDc. Seta SD1 is noticeably longer

than seta XD2. Seta SD1 cephalad and dorsad

of seta SD2. Seta LI dorsad of seta L2 but only

a little cephalad. On the meso- and metathorax,

seta D2 is very much shorter than seta Dl. Seta

D2 is the same length on the first and second

abdominal segments, but it is shorter on abdom-
inal segments 3 to 8 inclusive. On the ninth ab-

dominal segment, seta D2 is very slightly longer

than on the first two abdominal segments.

Comparison with Other Heliconiinae of Trini-

dad—Dryas iulia is distinctive in having seta P2
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closer to the epicranial stem than seta PI. In

other Heliconiinae with the exception of P. dido,

seta PI is closer to the epicranial stem than seta

P2. In P. dido the distance between the two setae

and the epicranial stem is equal. The epicranial

stem is longer than the frontal suture, which ex-

cludes D. iulia from all the species of Heliconius

except H. aliphera, which has several other good
distinctive characters. A. vanillae has the frontal

suture longer than the epicranial stem. The pres-

ence of seta SV2 on the meso- and metathorax

excludes D. juno. The greater distance between

setae PI and P2 than between setae PI and A3
of the head excludes D. phaetusa. Seta D2 is

ventrad of seta XD2 on the prothorax in P. dido

hut dorsad in D. iulia.

Philaethria dido (Clerck)

(Text-figs. 4E, 5E; Tables 1-5)

Distinctive Characters.—Head light colored.

No notch present in sublateral area at hind mar-

gin of head, but a series of very small irregu-

larities and a small projection present. Terminal

hind band very narrow except in lateral and

sublateral areas. Epicranial stem longer than

frontal suture. Setae P 1 and P2 equidistant from

epicranial stem. Setae PI and P2 subequal in

length. Distance between setae PI and A3
greater than the distance between setae P2 and

LI. Distance between ocelli 4 and 5, 5 and 6,

and 4 and 6 equidistant.

On the prothorax, seta XD2 is subequal in

length with seta Dl. Seta D2 is ventrad of seta

XD2 and only slightly shorter. The subdorsal

and lateral setae are nearly vertical. A tuberosity

lies on the ventrum between the head and the

prothoracic legs and is covered with multiple,

very minute, setae. These setae spread irregu-

larly below the SV pinaculum and along the

lower, caudal part of the prothoracic leg. The
cephalad and caudad parts of the base of the

meso- and metathoracic legs, as well as the lat-

erad parts below the SV pinaculum, are similarly

vested. On the first two abdominal segments,

setae Dl and SD1 are subequal and seta SD1
is slightly longer on the remaining abdominal

segments except the ninth. Below seta L2 and

above seta SV 1 is a bulbous swelling on abdom-
inal segments 1, 2, 7 and 8, variously clothed

with very minute setae. This same setaceous

swelling occurs on segments 3 to 6 inclusive,

between seta L2 and the base of the proleg. On
one side of abdominal segment 3 and on the

opposite side of abdominal segment 8, an ad-

ventitious seta on pinaculum SD has appeared
in one specimen. It is 40 microns in length.

The ventral prolegs are unusual in that the 19
crochets appear to be of nearly uniform length.

The anal proleg has 21 crochets, also of nearly

uniform size, and they form over % of a circle

on the planta.

Comparison with Other Heliconiinae of Trin-

idad—Philaethria dido is a large larva with

the widest head of any of the Heliconiinae seen.

It is the only species in which setae PI and P2

are equidistant from the epicranial stem. The

epicranial stem is very much longer than the

frontal suture (see D. iulia). It is also the only

species seen in which seta D2 of the prothorax

is ventrad of seta XD2 and the only species

with groups of ventral microscopic setae on
protuberances of the integument of the body.

The crochets of the ventral prolegs are unusual

in their uniformity and to a lesser extent this

is also true of the anal prolegs. The arc covered

by the crochets of the anal prolegs is very large.

Heliconius Isabella (Cramer)
(Text-figs. 4F, 5F; Tables 1-5)

Distinctive Characters.—Head dark colored

with hind margin of head black with a small

irregular and variable dark blotch on the sub-

lateral margin in the vicinity of seta 03. Epi-

cranial stem but slightly longer than frontal

suture. Head setae acuminate. Seta PI consid-

erably nearer epicranial stem than seta P2 but

slightly longer. Distance between setae PI and
A3 the same as the distance between setae P2 and
LI. Seta LI shorter than seta A3, and setae A1
and A2 subequal but shorter than seta A3.
Adfrontal setae of the same length and rela-

tively long in comparison with the remaining

setae of the head and the width of the head.

Distance between ocelli 4 and 6 greater than

distance between either ocelli 4 and 5 or ocelli

5 and 6. The body setae are acuminate, con-

colorous and relatively long in comparison with

the size of the larva and width of the head.

Seta XD2 of the prothorax is longer than the

combined length of the frontal suture and epi-

cranial stem and in length is almost .9 the

width of the head. Seta XD2 is longer than seta

Dl and seta D2 is very little shorter than seta Dl

.

Setae Dl and D2 of the meso- and metathorax

are subequal. The subdorsal setae of the pro-

thorax are vertical to each other, while the

sublateral setae are almost horizontal. Seta L2
lies cephalad of the subdorsal setae and only a

little dorsad of seta LI.

On the first two abdominal segments, seta

SD1 is slightly longer than seta Dl, but on seg-

ments 3-8 inclusive seta Dl is longer.

The crochets on the posterior parts of the

planta are stouter and longer, but the 17 cro-

chets are evenly graded from front to back. The
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18 crochets of the anal prolegs are subequal
and comprise nearly 3A of the circle.

Comparison with Other Heliconiinae of Trin-

idad— On the head in all species of Heliconius

in Trinidad the epicranial stem is considerably

shorter than the frontal suture, except in Heli-

conius aliphera. The epicranial stem is decidedly

longer in H. aliphera and all but equal in H.
Isabella. In the other genera, with the exception

of Agraulis, the epicranial stem is longer. The
extreme shortness of seta D2 of abdominal seg-

ments 1-8 makes Agraulis distinctive. Only in

D. iulia, H. aliphera and H. isabella is the dis-

tance between setae PI and A3 and setae P2
and LI equal. In D. iulia seta P2 is closer to the

epicranial stem than seta PI. H. aliphera has
several characters in common with H. isabella,

including non-spatulate setae and relatively long
setae, but may be readily separated by the light

head and the presence of seta L3 on the abdom-
inal segments 1-8.

Heliconius aliphera (Godart)

(Text-figs. 4G, 5G; Tables 1-5)

Distinctive Characters—Head light colored

with a fine dark line on posterior margin. A dark

colored irregular spot in sublateral region of

hind margin with a small V-shaped notch in-

dented in the middle of the dark spot. Seta PI
nearer epicranial stem than seta P2. Distance

between setae PI and A3 the same as the dis-

tance between setae P2 and LI. Seta A3 longer

than seta P2 and seta LI. Setae A1 and A2
subequal and much shorter than seta A3. Dis-

tance between ocelli 4 and 5, 5 and 6, and 4
and 6 subequal.

The body setae are concolorous, acuminate

and often variously bent. They are relatively

long in relation to the size of the larvae. For
instance, seta XD2 of the prothorax is longer

than the sum of the frontal suture and epicranial

stem. Setae XD2, D2 and SD1 are subequal.

Seta D1 is the longest and curves far over the

head. Seta LI is longer than seta SV1. On the

meso- and metathorax, seta D1 and seta SD1
are subequal. Seta SD1 on the subdorsal pina-

culum is almost directly dorsal of seta SD2.

Seta L2 on the lateral pinaculum is similarly

almost dorsal of seta LI.

On the abdominal segments 1-8, an additional

seta, L3, is present. It is situated on the same

pinaculum as seta L2 and cephalad and dorsad

of seta L2. Seta L3 is approximately 4/5 the

length of seta L2. It is longer than seta SV2
on abdominal segments 2-8 inclusive. Seta D1
of the abdomen is much longer than seta D2.

On the first two abdominal segments, seta D1

is almost three times the length of seta D2 and

on segments 3-8 more than three times. Seta

SD1 of the ninth abdominal segment is larger

than seta D2 of abdominal segments 3-8.

The ventral prolegs have 13 crochets, of

which the three posterior crochets are larger.

Barely half the circle on the planta of the anal

prolegs is occupied by the 1 1 crochets.

Comparison with Other Heliconiinae of Trin-

idad.—The presence of seta L3 on the abdominal

segments separates this species from all other

Heliconiinae except H. wallacei. However, H.
wallacei has an additional seta SV3, present on
the prothorax, and another additional seta, SV2,

present on the first abdominal segment. On the

head in H. aliphera the frontal suture is longer

than the epicranial stem. The head of H. aliphera

is much wider in proportion to the size of the

larva than the head of H. wallacei.

Heliconius melpomene (Linnaeus)

(Text-figs. 1, 2, 3A, B, 4H, 5H; Tables 1-5)

Distinctive Characters.—Head light colored.

Dark terminal line on caudal edge of head. A
V-shaped indentation in sublateral region of

hind margin of head surrounded by a black spot.

Frontal suture longer than epicranial stem. Dis-

tance between ocelli 4 and 6 greater than the

distance between either ocelli 4 and 5 or ocelli

5 and 6. Seta PI is longer than seta P2. Seta A3
is shorter than seta P2 but longer than seta LI.

The length of seta XD2 of the prothorax is ap-

proximately half the width of the head and seta

D1 is 2A of the width of the head. Seta SD1 is a

little dorsad of seta SD2 and cephalad. Seta L2 is

dorsad and cephalad of seta LI. The two lateral

setae form an angle of approximately 25° with

the horizontal. On the meso- and metathorax,

seta D1 is a little longer than seta SD1.

Setae D1 and D2 of the first abdominal seg-

ment longer than the respective setae on the

second abdominal segment. Seta SD1 of the

second abdominal segment longer than seta Dl.

The ventral prolegs have 14 crochets, of which

the six posterior crochets are large. The circle

of 12 crochets of the anal prolegs approximately

65% complete.

Comparison with Other Heliconiinae of Trin-

idad.—This species and H. numata appear to be

closely related. However, on the head, the

frontal suture and epicranial stem of H. numata

are almost subequal, while in H. melpomene the

epicranial stem is much shorter than the frontal

suture. In general, the lengths of the setae of

the head in H. melpomene are greater than in

H. numata. This is particularly true of setae A3,

LI, PI and P2. On the prothorax seta XD2 of
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H. melpomene is longer than seta D2 but the

reverse is true of H. numata. Seta SD1 is shorter

than seta XD2 in H. melpomene but longer in

H. numata. On the meso- and metathorax, no
large distinctions may be noted except that the

relative sizes of the setae in relation to the width

of the head are greater in H. melpomene than

in H. numata. For instance, seta D1 is greater

than half the width of the head in H. melpomene
but less than half the width of the head in H.
numata. Generally speaking, this same condi-

tion of greater relative length prevails on the

abdomen. Finally, on the ninth abdominal seg-

ment, seta LI in H. melpomene is longer than

any other seta on this segment except seta Dl,
but in H. numata seta LI is the shortest seta.

Helicom’us numata (Cramer)

(Text-figs. 41, 51; Tables 1-5)

Distinctive Characters—Head similar to H.
melpomene (p. 106) except for distinctions

noted. Seta XD2 of the prothorax approximately

2/5 the width of the head. Seta D2 longer than

seta XD2. The position of the subdorsal and
lateral setae similar to H. melpomene. On the

meso- and metathorax, seta SD1 is subequal or

longer than seta Dl.

The abdominal segments are similar to H.

melpomene except that on the ninth segment of

H. numata seta LI is minute.

The ventral prolegs with 16 crochets, of which
5 are distinctly larger than the remaining cro-

chets. The anal prolegs have 10 crochets and
complete but half a circle. In one specimen 12

crochets are present but still occupy only half

a circle on the planta.

Comparison with Other Heliconiinae of Trin-

idad.—Refer to H. melpomene (p. 106) and H.
erato (p. 107).

Heliconius erato (Linnaeus)

(Text-figs. 4J, 5J; Tables 1-5)

Distinctive Characters.—Head similar to H.
melpomene except that the sum of the length of

the frontal suture and epicranial stem is greater

than the width of the head.

The length of seta XD2 of the prothorax is

approximately 3/5 the width of the head. Seta

SD1 longer than seta XD2. The relation of the

setae of the subdorsal group is similar to H.
melpomene, and the sublateral group is also

similar, but seta L2 is possibly more caudad
than in H. melpomene.

On the meso- and metathorax, seta SD2 in

half (6) of the specimens seen was rudimentary.

Only the base of the seta is evident. On the

remaining specimens, the size of seta SD2 has

varied from 40 to 1 30 microns.

On the first and second abdominal segments,

seta D2 is V5 the length of seta Dl and on

abdominal segments 3-8 a little more than 1/6.

On abdominal segments 3-8, only seta VI is

shorter than seta D2. On the ninth abdominal

segment, seta SD 1 is unusually short.

Ventral prolegs with 15 crochets of which 6

are distinctly large. The crochets on the anal

prolegs occupy approximately 70% of the cir-

cle on the planta and 5 crochets are distinctly

large.

Comparison with Other Heliconiinae of Trin-

idad.—This species may be most easily separated

from other Heliconiinae by the relative short-

ness of seta D2 of the abdomen in comparison

with seta Dl. On the first two abdominal seg-

ments, seta D2 is V6 the length of seta Dl and on

segments 3-8 almost 1/6. In A. vanillae, where

a similar condition persists, the difference is

greater as seta D2 is 1/8 to 1/10 the length of

seta Dl, with the greatest differential in size

occurring on the first two abdominal segments.

The sum of the length of the frontal suture and

the epicranial stem is greater than the width of

the head in H. erato but less in H. melpomene
and H. numata. In H. erato the length of seta

XD2 in comparison with the width of the head

is 3/5, of H. melpomene V2 and of H. numata
usually less than 3/5.

Heliconius ricini (Linnaeus)

(Text-figs. 4K, 5K; Tables 1-5)

Distinctive Characters.—Head light colored.

Head very narrow. Hind margin of head dark

colored and a dark colored sublateral spot. A
small point directed caudad from middle of sub-

lateral spot. Frontal suture longer than epicran-

ial stem. Distance between ocelli 4 and 6 very

much greater than the distance between both

ocelli 4 and 5 and ocelli 5 and 6. Distance from
seta PI to epicranial stem less than the distance

from seta P2 to epicranial stem. Seta P 1 longer

than seta P2. Length of seta A3 subequal with

seta P2. The distance between setae PI and P2
subequal to the distance between setae PI and
A3.

On the prothorax, seta XD2 is subequal in

length to the epicranial stem, or more than 7/10

the width of the head. Seta Dl is large in com-
parison to the size of the larva. Seta SD2 and

LI are short in comparison to the other setae.

Seta L2 is absent. Seta SD1 cephalad of seta.

SD2 but only slightly dorsad. On the meso-

and metathorax, seta SD2 is relatively small in

comparison with the other setae and seta SD1
is smaller than seta LI.

On abdominal segments 1-8, seta SD1 is sub-
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equal or slightly longer than seta Dl. Seta SV1
is very small and setae SV2 and VI are minute.

The ventral prolegs have 15 crochets with a

variable number of large-sized crochets, though

usually 5 are of distinctive size. The anal pro-

legs comprise about 3/5 of a complete circle

and have 12 crochets, of which 6 are larger than

the remainder.

Comparison with Other Heliconiinae of Trin-

idad—The larvae of this species are very small

and have the narrowest head of anv of the

Heliconiinae of Trinidad. The ratio of the length

of the setae to the width of the head is the

largest of the Heliconiinae of Trinidad. The
absence on the prothorax of seta L2 is singular.

Seta LI is short. For instance, seta LI is approx-

imately V> the length of seta XD2. On abdom-
inal segments 1-8 the shortness of the subventral

and ventral setae is distinctive. This species

seems most closely related to H. erato, but the

absence of seta L2 on the prothorax, aside from
other characters, makes the separation of the

two larvae easy. Seta L2 of the prothorax is weak
in H. numata and H. rnelpomene as well as in

I), juno and A. vanillae.

Helieonlus sara (Fabricius)

(Text-figs. 4L, 5L; Tables 1-5)

Distinctive Characters.—Head light colored.

Hind margin of head dark colored with a dark

colored sublateral spot with a small wedge-

shaped notch. Frontal suture longer than epi-

cranial stem. Distance between ocelli 4 and 6

greater than twice the distance between either

ocelli 4 and 5 or ocelli 5 and 6. Distance be-

tween seta PI and epicranial stem a little less

than the distance between seta P2 and epicranial

stem. Seta P2 longer than seta PL Seta LI
shorter than seta A3. Distance between setae

02 and 03 more than twice the distance between
seta 03 and hind margin of head.

On the prothorax, setae Dl and D2 are sub-

equal. Seta SD1 is longer than seta XD2. Seta

LI is considerably longer than seta SD2. Sub-

dorsal setae with seta SD1 a little more dorsad

than seta SD2 and cephalad. Seta L2 directly

dorsad of seta LI . Setae Dl and D2 of meso- and

metathorax subequal and longer than seta Dl
of prothorax. Seta SV1 of the same segments

small in comparison with seta LI. Seta LI sub-

equal with seta SDL Seta Dl approximately 4

times the length of seta D2 on abdominal seg-

ments 1-8. Conversely seta D2 is longer than

seta Dl on the ninth abdominal segment.

The ventral prolegs have 16 crochets with 4

very large crochets on the posterior side of the

planta. Approximately 3/5 of the planta of the

anal prolegs are occupied by crochets, with the

most posterior crochets the shortest.

Comparison with Other Heliconiinae of Trin-

idad—This species may be separated from the

previously mentioned Heliconius by seta P2
being longer than seta PL In other species of

Heliconiinae the distance between setae 02 and
03 is approximately twice or less than twice the

distance between seta 03 and the hind margin
of the head. In H. sara the distance between
setae 02 and 03 is greater than twice the dis-

tance of seta 03 to the margin.

Only in this species and H. isabella is seta Dl
very slightly longer than seta D2 on the pro-

thorax. Only in this species and in H. aliphera

is seta LI greater in length than seta SD2. In

H. numata, erato, ricini and doris the relation-

ship of setae LI and SD2 on the prothorax may
be thought of as subequal. Only in H. wallacei

and A. vanillae is seta Dl of the meso- and
metathorax longer than seta Dl of the prothorax.

In D. iulia and H. doris these setae are subequal.

In the remainder of the Heliconiinae seta Dl
of the prothorax is longer. H. doris may be sep-

arated by the presence of seta SV3 on the meso-
and metathorax, and H. wallacei and H. aliphera

by the presence of seta L3 on the abdominal
segments. Seta PI is further from the epicranial

stem than seta P2 in D. iulia, whereas the reverse

is true of H. sara. The small size of seta D2 on
abdominal segments 3-8 distinguish A. vanillae.

Heliconius wallacei (Reakirt)

(Text-figs. 4M, 5M; Tables 1-5)

Distinctive Characters.—Head light colored

with fine dark line on the posterior margin. A
small, irregular, dark sublateral spot on hind

margin. Frontal suture longer than epicranial

stem. Distance between setae PI and P2 less

than the distance between setae A3 and LI.

Seta P2 subequal in length or longer than seta

Pl. Seta A3 subequal in length with seta P2.

Distance between ocelli 5 and 6 subequal with

distance between ocelli 4 and 6.

On the prothorax, seta LI is often weak and

seta SV3 sometimes present. Seta SD1 cephalad

and dorsad of seta SD2. Seta LI dorsad of seta

L2 but only a little cephalad. On the meso- and

metathorax, setae Dl and D2 are subequal.

On the abdominal segments 1-8, seta Dl is

longer than the sum of the frontal suture and

epicranial stem. Seta L3 present on abdominal

segments 1-8 inclusive. Seta SV2 present on

first abdominal segment. Spiracle on the abdom-

inal segment 8 subequal with spiracle on abdom-

inal segment 7.

The ventral prolegs have 16 crochets with
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three large crochets. The 12 crochets of the anal

prolegs barely occupy half the planta.

Comparison with Other Heliconiinae of Trin-

idad.—The presence of seta L3 on abdominal
segments 1-8 inclusive is only shared with H.
aliphera. However, neither H. aliphera nor any

other species of Heliconiinae of Trinidad have
seta SV2 present on the first abdominal segment.

Helieonius dor is (Linnaeus)

(Text-figs. 4N, 5N; Tables 1-5)

Distinctive Characters.—Head light colored.

Posterior margin of head with a dark colored

line starting at the caudal apex of the head, then

evenly and gradually curved cephalad and re-

curved to margin of head in the vicinity of the

sublateral region near seta 03. Frontal suture

longer than epicranial stem. Distance of seta

P2 to epicranial stem greater than the distance

of seta PI to epicranial stem. Distance between

ocelli 5 and 6 subequal with distance between
ocelli 4 and 6. Distance between setae PI and

P2 the same as the distance between setae A2
and LI. Seta P2 is longer than seta PL Seta LI

shorter than seta A3.

On the prothorax seta XD2 is 7/10 as long

as the width of the head and seta D1 nearly as

long as the width of the head. Seta SD1 is cepha-

lad and dorsad of seta SD2. Seta L2 nearly

directly above seta LI. On the meso- and meta-

thorax, setae D1 and SD1 are subequal with

the respective setae on the prothorax. Seta SV2
is present on the meso- and metathorax and is

subequal with seta SV 1

.

On the abdominal segments 1-8 inclusive, seta

VI is short, particularly when the length of the

other abdominal segments is considered.

Ventral prolegs with 1 3 crochets evenly grad-

uated from small to large. Anal prolegs with 15

crochets occupying approximately % of the

circle.

Comparison with Other Heliconiinae of Trin-

idad.—Seta XD2 of the prothorax is the longest

in the unit length of any of the other species

treated in this paper with the exception of H.

isabella. Seta D1 of the prothorax is the longest

seta in unit length of any species. For compari-

son with D. juno which it resembles in having

seta SV2 on the meso- and metathorax, see

under D. juno (p. 97).
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I. Introduction

T HIS contribution is one of a series on the

biology and ecology of butterflies of the

nymphalid subfamily Heliconiinae. The
egg, larva and pupa of all of the 14 species re-

corded from Trinidad are described. It is for-
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tunate that all except one genus in the subfamily

are represented, as well as species from most

groups composing the large genus Heliconius.

The study has a triple purpose. First, it aims

to make available to taxonomic workers descrip-

tions of the growth stages in a relatively homo-
geneous group of butterflies. Such descriptions

occur in the literature for only a few heli-

coniines; without exception these accounts lack

the detail necessary for comparative study,

either interspecifically or of different popula-

tions. The second purpose is to provide a foun-

dation for studies on the ethology and sensory

physiology of the immature stages. Thirdly, the

contribution is intended to serve as one of a

series of basic studies leading to an understand-

ing of the phylogeny of the group and of the

evolution of its noteworthy adaptations.

Certain characteristics make the subfamily es-

pecially suitable for detailed investigation. The
group is widely distributed throughout the trop-

ics and subtropics of the western hemisphere. It

includes numerous species, many having an ex-

tensive range, and sympatry is common. It has

furnished classic examples illustrating the the-

ories of aposematic coloration and Mullerian

mimicry. Polymorphism is so prevalent in some
localities that the systematic standing of many
forms remains in question. Patterns of social be-

havior in both larvae and imagos are proving to

be surprisingly complex, with involved sensory

bases. Finally, members of the family have

shown themselves to be well adapted to life in

tropical insectaries and, as larvae, in the labora-

tory; their behavior in all stages can, therefore,

be studied by observation and experiment.

Six contributions in the series have already

been published (Beebe, 1955; Crane & Fleming,

1953; Crane, 1954, 1955, 1957; Fleming, 1960).

In their most general characteristics, the life

histories of all 14 species under consideration

are similar and may be informally summarized

as follows: The egg, which is laid on Passiflora

spp., is characterized externally by a network of

strong horizontal and vertical ridges. The larva

has numerous, paired, branching spines, includ-

ing one pair on the head and three pairs on most

body segments; the body is otherwise almost

smooth. The pupa varies from very rough, with

tubercles, flanges and spines, to almost smooth;

gold-colored spots and a pair of long cephalic

appendages may be present or absent. The dura-

tion of the egg stage is four days or less; the five

larval instars require a minimum total of 13 days

for completion; the pupal stage lasts 9 or 10

days. Although the total minimum time of de-

velopment from oviposition to emergence of the

butterfly is accordingly 26 days, development
often continues for three or four days longer.

The data in the present study have accumu-
lated slowly since the opening of the Zoological

Society’s Trinidad Field Station in 1950, when
the first egg of Heliconius erato was accidentally

brought into the laboratory on a casually col-

lected vine, and the larva reared by the senior

author. Although most of the heliconiine butter-

flies known from Trinidad were soon discovered

near the Station, the identification and descrip-

tion of the larvae and their respective food-

plants proceeded erratically, through successive

seasons, as a by-product of the work on imaginal

behavior. Meanwhile, as our interest grew in the

ethology and phylogeny of the group, it became
essential to study the immature stages. Serious

attempts to complete the data for the present

contribution began in 1959, and it was not until

May, 1960, that the last unknown larva, that of

H. numata, was secured.

Since each of the 14 species has seven pre-

imaginal stages (egg, five larval instars and
pupa), 98 different forms are concerned. Each
had to be described in life, studied in preserva-

tive, and variations established through com-
parisons of series. Whenever the life history of

another species became known to us, revisions

in our existing keys, descriptions, and phylo-

genetic hypotheses became necessary. Also
available for study were the growth stages, living

and preserved, of eight of the same species from
Surinam, which served for preliminary geo-

graphic comparisons.

The study presented here deals only with

major external characters and is still, therefore,

far from complete. The most notable gaps are in

the lack of work on setae and crochets in older

larvae, although those of the first instar have
been treated in detail by Fleming (1960), on
detailed comparisons of spinules on the scoli

and in the omission of mouthpart studies. It is

expected that future studies of behavior and
sensory physiology will contribute to the knowl-
edge of these aspects.

For generic nomenclature, Michener’s (1942)

revision of the Heliconiinae is followed; the

specific names are those of Kaye in “The Butter-

flies of Trinidad” (1921). The subspecies rec-

ognized by Kaye are as follows:

Dione juno juno (Cramer)
Agraulis vanillae vanillae (Linnaeus)

Dryadula phaetusa phaetusa (Linnaeus)

Dryas iulia iulia (Fabricius)

Philaethria dido dido (Clerck)

Heliconius Isabella isabella (Cramer)
Heliconius aliphera aliphera (Godart)

Heliconius melpomene euryades Riffarth

Heliconius numata ethilla Godart
Heliconius erato hydara Hewitson
Heliconius ricini insulana Stichel
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Heliconius sara thamar (Hiibner)

Heliconius wallacei wallacei Reakirt

Heliconius doris doris (Linnaeus)

It will be noted that more than three-fifths

of the species occurring on the island are re-

ferred to the mainland form originally de-

scribed. In the general geographical region

under consideration, infraspecific distinctions at

present appear to be so much in need of revision

that we have omitted subspecific names alto-

gether from the body of the text.

To Fritz Muller we owe the beginning of a

comparative study of heliconiine development.

Working in Brazil, he described (1877, 1877-

1878) morphological characters of eggs, larvae

and pupae in seven species, in sufficient detail

to be helpful today. Moreover, his attempt to

trace phylogenetic relationships in the group,

with reference both to ethological and morpho-

logical characters, is the only effort along these

lines that has been made up to the present.

Muller’s work concerned the following species:

Dione juno, Agraulis vanillae, Dryas iulia, Phil-

aethria dido, Heliconius eucrata (narcaea), H.

isabella and //. aliphera; the foregoing generic-

nomenclature is that followed in the present

paper.

A few years later, W. H. Edwards described

and illustrated the immature stages of North

American forms of A. vanillae (1880, p. 122)

and of H. charithonius (1868-1897, Vol. 2, p.

884). His excellent work has been quoted, usu-

ally in condensed form, by many subsequent

writers on American butterflies, starting with

Scudder (1889).

Seitz (1913) in his introduction to the Heli-

coniinae and in the descriptions of the various

genera, gave a general account of the larvae,

with brief, sometimes inaccurate, descriptions.

He included, however, a number of useful ob-

servations on food-plants and habits.

Characteristics of the Heliconiidae, treated as

a family, were given by Fracker ( 1915, p. 131 ).

His account was based on the characters of H.
charithonius, with the statement that “they ap-

ply also to most of the known South American
forms.”

Kaye ( 1921 )
presented a note on the colora-

tion of A. vanillae, the duration of the pupal

period in D. juno and the food-plants in seven

species. Bourquin (1949) described and illus-

trated the life history of two specimens of H.
phyllis from Argentina. Comstock (1955) de-

scribed and figured the egg of a Mexican sub-

species, H. charithonius vazquezae, for compari-
son with that of the Florida form, H. charitho-

nius tuckeri.

The illustrations are the painstaking work, of

four people, each of whom it is our pleasure to

thank: Julie C. Emsley for all drawings of eggs

and larvae, except Text-figs. 5A, 5F, and 10-14;

Frances Waite Gibson for the latter text-figures

and for all drawings of pupae (Pis. XIV and
XV); Russ Kinne for all the photographs in

Pis. I-XIII; and Sam Dunton for PI. XVI. We
wish also to express our appreciation to the

following who, through their patience and skill

in rearing the larvae during various seasons,

made this study possible: Susan Allan, Con-
stance Carter, Frances Waite Gibson, Rosemary
Kenedy, Jane S. Kinne, Ellen Ordway and Bar-

bara Young.

Finally, special appreciation goes to a group

of organizations and individuals who have con-

tributed generously to the study: The National

Science Foundation, the National Geographic

Society, the Alcoa Steamship Company, Mrs.

Mabel Ingalls and Mr. Kurt Reisinger.

II. Materials and Methods

Throughout the seasons at the field station,

several hundred individual heliconiines con-

tributed directly to this study. Immature stages

and food-plants were discovered in three ways.

First, wild plants of Passiflora spp. were located

and searched repeatedly; most lepidopteran eggs

laid on species of this genus proved to be those

of heliconiines. Second, imagos were followed

which were flying in the neighborhood of known
Passiflora vines, or in a special fashion often

preceding oviposition. Third, wild-caught fe-

males were presented, in the Station’s out-of-

doors insectaries, with a selection of Passiflora

spp.

Food-plants were not always the same in

Trinidad and Surinam, or even in different parts

of Trinidad. Some species were strict in their

demand for a single species of Passiflora; others

were tolerant of several. Table 2 gives the spe-

cies and their preferred plants.

Nine of the fourteen species have now been

induced to breed and lay eggs in the insectaries.

During the study, eggs for rearing in the labora-

tory were collected daily and brought inside, to

protect them from predacious ants.

Only five of the species are gregarious, and it

was found that, when reared in numbers, all ex-

cept these grew best when maintained in indi-

vidual glass dishes. Even gregarious species,

unless kept on long pieces of cut vine placed in

water, or on large and thriving potted plants,

developed best when no more than five to ten

individuals were kept in a single dish or small

aquarium. Attempts to rear the larvae out-of-

doors, on wild or cultivated vines, through the

use of netting “sleeves,” were not successful; the
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principal trouble was the high humidity, even
during the dry season; the netting easily became
saturated and mold rapidly developed both on
leaves and, often, on the caterpillars. In a rain-

forest climate, therefore, the method is imprac-

tical and troublesome to use for this group.

Except in the gregarious species, the single eggs

were kept in individual dishes of a size suitable

to serve the larva for several instars. Early isola-

tion was necessary since, given the opportunity,

a newly hatched, normally solitary caterpillar

often eats an adjacent egg after dispatching its

own shell. Low stender dishes, 60 X 28 mm.,
with fitted lids, proved the ideal size and type

through the first three or four instars. The space

was adequate, the dishes were easy to clean and
even the smallest larvae could not escape. Early

instars were also reared in 3 X 1-inch vials,

with the uncorked mouths pushed into a tray of

moistened sand. In this method, changing of the

leaf and cleaning were necessary only every

three or more days, and less table space was oc-

cupied. The moisture, however, was difficult to

control since small changes in the weather
strongly affected humidity and condensation in

the vial. Larvae passed the fourth and fifth in-

stars very successfully in covered glass refrig-

erator dishes, measuring 4 X 4 X 214 inches. A
piece of wire screening, cut to the size of the lid

and placed beneath it at the proper time, served

most larvae for pupation. Two species preferred

plain glass ( Heliconius isabella and H. aliphera).

In all containers, except vials over moist sand,

it was essential to provide moisture. A small sec-

tion cut from a cylindrical cotton wad, such as is

used by dentists, was dampened and kept con-

stantly in each container. The size and degree of

saturation had to be carefully adjusted to the

size of the larvae, and to the size and thickness

of the current food leaf, since excess moisture

and mold were as much to be avoided as dessica-

tion. The larvae also drank from drops of water

left on the sprinkled leaves, as described in this

group by A. J. Alexander (paper in prepara-

tion).

After pupation, the screen or glass was trans-

ferred to the open top of a pint or quart pre-

serving jar, in which was placed a moistened

dental wad, until emergence. Self-adhesive

labels were transferred with the larvae, as con-

tainers were changed.

Through the above system, a maximum of

560 non-gregarious individuals, distributed

throughout the growth stages, were accommo-
dated at one time in a room measuring about 12

feet square and serviced by one to two workers,

exclusive of a local leaf-gatherer. These espe-

cially large numbers occurred in connection

with a study on polymorphism in the heli-

coniines, which has been concomitantly in prog-

ress. Usually only a small fraction of that total

was kept on hand at once.

The principal rearing problem was to insure a

constant daily supply of leaves, freshly picked in

the early morning, of the kinds and sizes suit-

able for the various instars of the different spe-

cies. Great variations in requirements were

shown by the larvae, as will be discussed in the

subsequent report on behavior. During the dry

season especially, the availability of leaves with-

in practical distance of the Station placed a limit

on the number of larvae that could be reared

simultaneously. Leaves in excess of immediate

requirements were sprinkled and placed in a

plastic bag or covered dish in the refrigerator for

later use. Some species of Passiflora keep well

in this way for several days.

Larvae were cleaned daily except when molt-

ing. All disturbance was avoided during that

time, although care was taken always to keep

vibration of the floor and moving of dishes to a

minimum. During periods of disease, dishes that

had held sick larvae were sterilized and hands

and instruments washed in alcohol; there has

never been any evidence, however, that these

precautions were helpful.

In the field, all of the species at one time or

another were scarce or showed strong evidence

of disease. Since parasites in the group are rare,

and since most of the heliconiines are strongly

aposematic, disease is doubtless an important

natural method of control. After repeated ef-

forts we have given up attempts to curb disease

in the laboratory, and have found that by wait-

ing a few weeks or months, healthy stock be-

comes once more available. The above remarks

apply entirely to wild-caught young, so that pos-

sible effects of either inbreeding or laboratory

conditions are not involved. Stocks bred in our

insectaries, however, were subject to the same

symptoms.

In the most common forms of disease, speci-

mens show one or more of the following symp-

toms: bent or deformed scoli (exclusive of scoli

mechanically damaged by leaf or dish pressure

during molting), green or yellowish emissions

from the mouth or anus, prolongation of instars,

shrinking and refusal to eat. Recovery is rare

and the resultant imagos are usually sickly. Ex-

cept when even imperfect imagos were desired

as simple genetic records of pattern inheritance,

it proved advisable not to waste time tending

unhealthy individuals.

The abnormalities mentioned above are dis-

tinct from growth difficulties more probably due
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to hormone irregularities and involving molting

and pupation.

The dry season seems to produce more disease

than the wet, and it appears very likely that

some of the troubles may be brought on by sea-

sonal differences in the Passiflora leaves. Pos-

sibly the lack of rain leaves a poisonous deposit

which in other seasons is washed away. Likely

substances are secretions from certain ants that

frequent the honey glands of Passiflora; it has

been noted casually that at least some heli-

coniines avoid these leaves, both when egg-lay-

ing and as caterpillars. Possibly, too, a noxious

substance from the plant itself is concerned.

Finally, in both dry and rainy seasons, heavily

mildewed leaves are avoided by the caterpillars

when other leaves are available.

All color descriptions and all drawings of pig-

mentation patterns were made from living speci-

mens.

All drawings of morphological characteristics

were made from preserved specimens through
the use of a binocular microscope equipped with

a grid and micrometer scale, and with the aid

of a slide rule.

The photographs were made with a Leica

camera and, when the subjects were larvae, an
electronic flash. A piece of wire, covered with

white insulation and measuring 2 mm. in di-

ameter, was used for the support of larvae in

full-length views, in order to include a scale in

each negative.

III. Eggs

(Text-figs. 1, 2; PI. I)

Characteristics of the Subfamily.—Subcylin-

drical, flattened at the base, tapering in distal

portion, often flattened distally, rarely almost

semi-spherical. Surface covered with conspicu-

ous reticulations bounded by vertical and hori-

zontal ridges, the latter sometimes indistinct

toward the base. Height .54 to 1.67 mm.; diam-

eter, .54 to 1.30 mm. Number of vertical ridges

5 to 17 regular, plus 1 to 5 irregular and distal.

Color: Greenish-white, buff-yellow, orange-

yellow, pinkish-orange or dark red, sometimes

mottled before hatching by the developing pig-

ment of the embryo.

Characteristics of the Species.—Table 1 is the

result of an examination of three to seven non-

sibling individuals of each of the fourteen Trini-

dad species except Dryadula phaetusa. In this

species only two eggs were examined.

Food-plants.—All of the heliconiines lay their

eggs on the vines of the genus Passiflora (pas-

sion flowers) . The species usually selected by the

ovipositing females in Trinidad are given in

Table 2. Dione juno and Heliconius doris lay

numerous eggs in a single-layered mass; H.

ricini, H. sara and H. wallacei deposit small clus-

ters; all the other species lay their eggs singly.

The number of eggs laid and their position,

whether single or many, on the vines are impor-

tant species distinctions; they will be discussed

in an ethological contribution now in prepara-

tion.

Duration of Egg Stage from Oviposition to

Hatching.—Normally four days, occasionally

three, rarely two.

IV. Larvae

A. Characteristics of the Subfamily

First Instar

See Fleming, 1960.

Second through Fifth Instars

The larvae are characterized by close simi-

larity in basic structure and variety in color pat-

terns. Although setal differences are, as usual,

the essential characters in the first instar, in the

practical taxonomy of advanced larvae the most

useful distinctions are the relative lengths of the

scoli (branching spines), the shape of the head
and the color pattern in life.

Terminology.—The structures and designa-

tions used in the descriptions to follow are indi-

cated on Text-figs. 3 and 4. The terminology

selected is that of Forbes (1910) and Fracker

(1915).

The following list defines, for use in this con-

tribution, certain terms for workers from other

fields who are unfamiliar with the morphology
of lepidopterous larvae. The definitions are after

Fracker \l.c., pp. 141-144).

Adfrontals. The narrow areas on the cephalic

aspect of the head, adjoining the front on each

side.

Anal plate. A chitinized area covering part of

the last abdominal segment.

Annulet. One of the small rings into which

a segment is divided by transverse constrictions.

Biordinal. Said of crochets when they are ar-

ranged in two concentric rows.

Chalaza. A small chitinized projection bear-

ing one to four setae on small, separate prom-

inences.

Crochet. One of the series of chitinized, hook-

like, cuticular structures on the distal surface

of the prolegs.

Epicranium. The sclerite which constitutes the

greater part of the head.

Front. The sclerite between the arms of the

epicranial suture, triangular in shape.
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Text-fig. 1. Examples of eggs m
the genus Heliconius. A, S, H. erato;

C, D, H. sara; E, F, H. aliphera. Lat-

eral and dorsal views of each, drawn
to the same base diameter.

Proleg. A fleshy abdominal leg.

Prothoracic plate. A chitinized area covering

part of the dorsal half of the first thoracic seg-

ment.

Scolus. A spinous projection of the body waif.

Seta. A chitinized, hair-like projection of cuti-

cula arising from a single trichogen cell and sur-

rounded at the base by a small cuticular ring.

Spinule. One of the short lateral branches of

a scolus.

Verruca. A definitely bounded, somewhat ele-

vated portion of the cuticule, bearing several to

many setae.

Abbreviations.—In Text-figs. 3 and 4 are

given terminology and abbreviations used in the

following pages in the descriptions of the larvae.

It will be noted that the prothorax, mesothorax

and metathorax are designated as “1 TH”, “2

TH” and “3 TH”. Similarly, the abdominal seg-

ments are written as “1 AB”, “2 AB”, etc. “10

AR” is also referred to in the text as the anal

segment.

The names of scoli are capitalized and abbre-

viated, as follows:

Dorsals: The uppermost series of scoli, on the

thorax and abdomen.
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Laterals: The lower series of scoli on the thorax.

Supralaterals: The median series of scoli on the

abdomen.

Sublaterals: The lowest series of scoli on the

abdomen.

2 TH Dorsal: The scolus nearest dorsal mid-

line on mesothorax (second thoracic seg-

ment).

5 AB Supralaterai: The scolus in middle row on

fifth abdominal segment.

3 AB Sublateral: The scolus nearest ventral mid-

line of third abdominal segment.

Etc.

Table 1. Characteristics of Eggs in the Heliconiinae of Trinidad

1

Species Color Height

(mm.)
Diameter

(mm.)

No. of

Vertical

Ridges

No. of

Horizontal

Ridges

Illustrations

1 . Dione juno Dark red. 1.05-1.07 0.72-0.75 13 12-13 + 4-5 PI. I. Fig. 1

2. Agraulis Buff yellow.* 1.08-1.13 0.81-0.86 16-17 10-11 + 2-3 PI. I. Fig. 4

vanillae

3. Dryadula Buff yellow.* 1.67-1.72 1.08-1.10 17 16-17 + 3-4 —
phaetusa

4. Dryas iulia Buff yellow.

*

1.13-1.17 0.97-1.10 18-21 10-11 + 2-3 PI. I. Figs. 8. 9

5. Philaethria

dido

Buff yellow.* 1.61-1.67 1.24-1.30 20-24 12-13 (series

unbroken

)

—

6. Heliconius

isabella

Pale greenish to

pale yellowish.

0.96-0.98 0.89-0.92 14-17 5-7 + 2-3 Pi. 1, Figs. 10. 1

1

7. Heliconius

aliphera

Pale greenish to

pale yellowish.

0.54-0.59 0.54-0.63 18-20 5-7 (close set)

+ 2-3 (wide-

spaced)

Text-figs. IE, IF, 2

8. Heliconius Orangish-yellow. 1.37-1.45 0.92-1.02 15-16 9-11 + 1-2 PI. I, Figs. 6, 7

melpomenc

9. Heliconius

nurnata

Greenish-yellow

to orangish-

yellow.

1.08-1.19 0.82-0.91 15-19 10-12 + 2-3

10. Heliconius

erato

Greenish-yellow

to orangish-

yellow.

1.40-1.57 0.81-0.85 15-17 8-10 + 2-3 Text-figs. 1A, IB,

2

1 1 . Heliconius

ricini

Buff yellow. 1.13-1.17 0.70-0.73 17-18 approx. 12-13

(ill-defined)

+ 2-3

PL I, Figs. 2, 3

12. Heliconius

sara

Pale yellow to

orangish-yellow.

0.96-1.18 0.65-0.75 12-14 5-6+ 1-2 Text -figs. 1C, ID,

2

PL I, Fig. 3

13. Heliconius

wallacei

Pale greenish-

yellow.

1.08-1.13 0.86-0.97 17-20 6-9 + 3-4 —

14. Heliconius

doris

Buff yellow to

pinkish-orange.

1.08-1.18 0.75-0.81 approx.

23-25 (ill-

defined)

12-13 + 2-3

* Mottled with brown before hatching.
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Table 2. Food Plants of the Heliconiinae of Trinidad

Key: *—Usual choice of ovipositing female.

X—Occasional choice of ovipositing female.

Species

Species of Passiflora
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a
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j

£ 3 5- & 5 3 5 3

1 . Dione
juno *

2. Augraulis

vanillae

3. Dryadula
phaetusa * X

4. Dryas
iulia *

5. Philaethria

dido * X

6. Heliconius

isabella X * X

7. Heliconius

aliphera X *

8. Heliconius

melpomene * X X

9. Heliconius

numata *

10.

Heliconius

erato * *

*
1 1. Heliconius

ricini

12. Heliconius

sara

13. Heliconius

wallacei

14. Heliconius

doris

Measurements have been made as follows:

First instar. Length at hatching: Measured in

life before egg shell is eaten. Length, maximum:
Measured in life when larva is extended, usually

just before defecation, about 36 hours after

hatching, before molting begins.

Fifth Instar. Maximum length: Measured in

life when larva is extended, usually before de-

fecation, and at maximum length exclusive of

*

scoli. This condition is usually attained late on

the third, or early on the fourth, day after the

molt, before the beginning of shrinkage and

other prepupal changes.

Head Height: Measured from posterior part

of base of Head Scolus to tip of the moderately

extended manidbles. The small size of the man-

dible minimizes, for present purposes, the in-

exactness of the word “moderately.” It indicates
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Text-fig. 3. Diagram of a heliconiine larva, 5th instar, lateral view. Chelazae and setae omitted.

that the measurement was made with the

mandible in the position usually found, or easily

arranged, in preserved material; the distal tips of

the members of the pair are neither touching nor

maximally separated. This position was found to

be best for comparisons among species and in-

stars.

Lengths of Individual Scoli: From base to tip,

in a straight line, exclusive of basal expansions

and distal spinule.

Color. — All color descriptions were made
from series of healthy, non-anaesthetized speci-

mens in the middle of an instar. Unfortunately,

the colors and patterns, although of high taxon-

omic importance, are usually fugitive in preser-

vative. Ridgway’s “Color Standards and Nomen-
clature” was used in compiling the notes of the

colors of the various growth stages and series of

individuals. Since these series of notes continued

to accumulate on most species for at least sev-

eral seasons, the Ridgway system proved valu-

able in recording the range of variation and in

correlating the notes which have resulted in the

descriptions to follow. It seemed preferable, be-

cause of the decreased availability of Ridgway,

the uneven fading of color samples in extant

copies and the lack of meaning of Ridgway’s

names for many modern workers, to reduce the

indicated range of hues, shades and saturations

into the simplest designations possible. Thus a

preliminary summary of larval variation read-

ing . . usually Maroon through Diamine

Brown to Hessian Brown; sometimes Chaetura

Drab or Fuscous” becomes in this paper “dark

brown, usually tinged with reddish.”

Color descriptions of complexly patterned or

highly variable species, such as Dryas iulia and

Heliconius isabella, respectively, are given in

considerable detail for two reasons. First, indi-

cations are in this way apparent of possible

affinities with other species. Second, valid com-
parisons with the same species in other locali-

ties will be, it is hoped, facilitated.

In the descriptions, “stripe” is used to desig-

Text-fig. 4. Diagram of a heliconi-

ine larva, head, frontal view. Setae

and postero - ventral mouthparts

omitted.
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Text-fig. 5. Examples of fully grown heliconiine larvae. 5th instar, drawn to same total length. Scoli

drawn without perspective, to facilitate comparisons. Note differences in relative sizes of head, lengths of

scoli and spinules, absence of anal scolus in H. doris and differences in amount and distribution of dark

pigment indicated by depth of shading. Drawn from freshly preserved specimens; proportion of head length

to body length and distribution and depth of pigment, however, are from measurements and notes made on
living specimens. Chelazae and setae omitted. A, Dione juno; B, Dryadula phaetusa; C, Heliconius wallacei;

D, H. doris; E, H. aliphera; F, H. numata.
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nate any marking running antero-posteriorly

along the larva, while “band” is reserved for a

vertical marking (extending dorso-ventrally)

regardless of its width.

Diagnosis.—Larvae with paired scoli on head

and body, those on 1-8 AB in three rows on each

side; unpaired scoli absent; fleshy filaments ab-

sent; setae short and few; chalazae and verrucae

few, confined to lower parts of body; head mod-

erate to large; body almost cylindrical through-

out length; legs with coxa, femur, tibia, tarsus

and simple tarsal claws; 5 pairs of prolegs, on 3,

4, 5, 6 and 10 AB; crochets biordinal, the circle

incomplete.

Description—Head: (Text-figs. 3, 4, 5, 6, 7).

Length between 4 and 11% of extended length

in full-grown larvae, distinctly bilobed; each half

with a scolus surmounting epicranium. Scolus

ranging from a large, pointed tubercle to a long

process more than 21A times height of head and

up to one-eighth total length of full-grown and

extended larva. The scolus varies also in the

degree of abruptness with which it arises from

the apex of the epicranium, and in the direction

and degree of its curvature. Breadth of head va-

ries, in accordance with the varying degrees of

convexity of the epicranial lobes and the shape

of the triangular frontal, which ranges from

broadly equilateral to narrowly isosceles; front-

als reaching at least halfway to epicranial apex.

Setae few to moderate, never closely set.

Thorax and Abdomen: Prothoracic plate al-

ways divided by dorsal midline into two parts:

rarely each half is again divided; setae on the

plate range from 2 pairs to many. Anal plate

well or poorly developed, its setae few and small.

Scoli: All scoli paired, their number and ar-

rangement identical in all species except Dione

juno and Heliconius doris; D. juno differs in

having a small scolus arising from prothoracic

plate, while H. doris lacks a scolus on 10 AB.
With these exceptions, the scoli occur as fol-

lows: 1 TH, no scoli; 2 and 3 TH each with one

dorsal and one lateral scolus; the Dorsals arise

near the middle of each segment, the Laterals

close to the anterior margin and just above level

of prothoracic spiracle. 1-8 AB each with 3 scoli,

forming a dorsal, supralateral and sublateral se-

ries. The Dorsals are continuous with the dorsal

scoli of the thorax; the Supralaterals arise slight-

ly above level of thoracic Laterals and only

slightly farther forward than the Dorsals on

each segment; the Sublaterals arise between the

spiracles and the bases of the prolegs, almost

directly beneath the Dorsals. 9 AB gives rise

only to a Dorsal. 10 AB, the anal segment, has,

except in H. doris, a single scolus well below
dorsal midline.

The lengths of the scoli vary greatly among
the species from less than vertical diameter of

ocelli group to more than twice head height; the

longest may be shorter or longer than the Head
Scoli; 2 TH Dorsal is sometimes considerably

longer than the remaining body scoli. Spinules

always well developed, often elongate, especially

in species with very long scoli.

Setae few in number, always small, often

practically confined to the sublateral and ventral

surfaces. A well-developed vemica or chalaza

usually present above bases of legs. Small ver-

rucae often present on 1 , 2, 7 and 8 AB, at level

of the bases of prolegs occurring on the remain-

ing abdominal segments. Prolegs all well de-

veloped. Crochets biordinal, forming arcs which

are scarcely more than semi-circles.

Color: The larvae show a great range of pig-

ment and pattern, from yellow-green through

yellows and oranges to red-orange, and from
white through browns and grays to black; blue-

green, blue, violet and red hues are, however,

absent. The patterns include solid colors, stripes,

bands and spots, as well as complex combina-
tions resulting in disruptive coloration.

The colors and patterns in each of the four-

teen species provide the most convenient diag-

nostic characters; unfortunately, they are highly

evanescent in preservative, and hence are of

practical taxonomic value only for students of

the living larvae.

Although each species can be distinguished

at a glance in life from every other species after

it has reached the penultimate instar, there is

often a great deal of intraspecific variation.

These differences are usually dependent chiefly

on the amount of dark brown or black pigment
present in an individual. Since the pigments in

this group have apparently not been analyzed,

the term “melanin” will not be used.

Because of the great variety in coloration, no

characters of probable value in the definition of

the subfamily have been detected. The following

structures, however, are always black, and will

not be mentioned in the descriptions of the

species: ocelli, chalazae, verrucae. claws and
crochets.

Remarks on basic pigment patterns are re-

served for the discussion (p. 151).

Growth: All species in the group normally

pass through five larval instars; occasionally

sickly, crowded, or undernourished individuals

complete six instars before pupation; more
rarely, apparently healthy individuals also com-
plete six. Bourquin (1946) reports four instars

for a specimen of Heliconius phyllis in Argen-

tina; this individual died after pupation.
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D. Dryas iulia

Text-fig. 6. Heliconiine larvae, 5th instar. Diagrams illustrating relative lengths of scoli in 14 species. In

each species, the diagram on left represents the head, lateral view; middle diagram, second thoracic segment

(2 TH), right half of cross section, frontal view; right diagram, fourth abdominal segment (4 AB), right

half of cross section, frontal view. The diagrams are all drawn with the head height as constant, measured
from posterior base of head scolus to ventral tip of extended mandible. Labrum and labium omitted. The
diameters of thoracic and abdominal body walls are in all cases drawn arbitrarily to same height as head,

represented in reality by the condition temporarily reached in each species about the second day after

molting. Labrum, labium, chelazae, except on lower thorax, and setae omitted; leg and proleg convention-
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Text-Fig. 6 (continued)

E. Philaethria dido

F. Heliconius isabella

G. Heliconius aliphera

alized, scoli drawn on each cross section as if in the same plane, in order to facilitate comparison (cf. Text-

fig. 3 for actual positions). Relative lengths of all scoli and of spinules on scoli, and of general arrange-

ments of spinules exact; numbers of spinules only approximate, but approaching exactness in relation to

one another. All scoli are drawn as if unpigmented, and all spinules as black. For realistic pigmentation,

see text.
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H. Heliconius melpomene

I. Heliconius numata

J. Heliconius erato

K. Heliconius ricini

Text-fig. 6 (continued)



1960] Beebe, Crane & Fleming: Eggs, Larvae and Pupae in Heliconiine Butterflies 125

The duration of the instars is almost constant

throughout the group, although variation in un-
healthy larvae, or among those maintained under
unfavorable conditions, is very great. Minimum
durations of the instars are apparently normal
and are as follows: First instar, 2 days; second
instar, 2 days; third instar, 2 or 3 days; fourth

instar, 2 to 4 days; fifth instar, 5, rarely 4 or 6,

days; minimum total, 12 days.

In larvae that eventually pupate successfully

in the laboratory, prolonged instars rarely occur

before the fourth instar, even when food is

scarce and moisture insufficient. Abnormally
prolonged stages often occur in the fourth, how-
ever, and may last up to 10 days in the fifth.

Similar delays, under the disadvantageous con-

ditions often occurring in nature, must very fre-

quently take place in wild populations.

The maximum length attained ranges from 23

mm. in H. aliphera to 48 mm. in Philaethria

dido. These two species also represent the ex-

tremes of size in the imagos. Since the course

of linear growth agrees well with the usual ex-

pansion of molting larvae, only lengths for the

first instar, and the maximum attained by any

measured individual in the fifth, are given. Great

variation occurred in the sizes of individual

larvae which later emerged as healthy adults.

The maximum length attained could be roughly

controlled merely by the amount of moisture
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B. Agraulis vanillae

C. Dryadula phaetusa D. Dryas iulia E. Philaethria dido

F. Heliconius isabella G. Heliconius aliphera

Text-fig. 7. Heliconiine larvae, 5th Instar. Heads, frontal views of 14 species, drawn to same height,

measured from base of scolus to ventral tip of mandible, which is comparably extended in each species.

Numbers and position of setae roughly approximate, but relative numbers of setae on the species closely

approximate reality.

kept in the dish, provided the larva had suf-

ficient food and, especially, by the degree of

“fleshiness” of the large leaves with which it was

provided in the final instar; for example, healthy

H. melpomene pupated at any length from 32

to 42 mm., although the usual length was about

38 mm.
The major changes with growth between the

second and fifth instars involve proportions of

the head and the relative length of the scoli in

respect to the head height (Text-figs. 8, 9; Pis.

VI, VII). As in most animals, the head is rela-

tively longest in young larvae. In all species, the

head becomes narrower in respect to its height

when viewed from the front, while the scoli

become longer. The growth curve of the scoli,

which appear abruptly in the second instar, is

roughly in accordance with principles of hetero-

gonic growth; in contrast to the head breadth,

the development of the scoli is positively hetero-

gonic with respect to the head height. If the con-

stant selected for the frontal growth drawings

(Text-fig.8) were the head width rather than the

head height, the elongation of the scoli at each

molt would of course have been greater.

Remarks on the development of color are

reserved for the discussion.
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H. Heliconius melpomene

M. Heliconius wallacei N. Heliconius doris

Text-fig. 7 (continued)

B. Key to Fifth Instar Larvae

(Unique characters in italics)

A. Scolus present on 1 TH, near lower margin of

prothoracic plate; all scoli short, the longest less

than half head height. Head black; body dark
brown with small orange spots, silver speckles

Dione juno, p. 129

flA. Scolus absent on 1 TH; some scoli longer than

half head height. Color not as above.

B. Scolus absent on anal segment (10 AB); Su-

pralaterals shorter and thinner than Sublaterals.

Head black; body greenish-yellow with dark

transverse bands Heliconius doris, p. 144

BB. Scolus present on anal segment; Supralater-

als longer than Sublaterals. Body not greenish-

yellow with dark bands.

C. Head Scolus no longer than head height and
less than % length of 2 TH Dorsal.

D. Head Scolus less than Vi X head height;

2 TH Dorsal more than Wi X longer than

any other scolus; 2 TH Lateral clearly

shorter than 4 AB Dorsal. Head and scoli

black; body reddish-black.

Heliconius sara, p. 143

BB. Head Scolus clearly more than half head

height; 2 TH Dorsal clearly less than 1 Vi

X next longest scolus; 2 TH Lateral at

least as long as 4 AB Dorsal. Coloring

various.

E. Sublaterals less than Vi X 2 TH Dorsal.

F. No spinules nearly as long as vertical

diameter of ocelli group; prothoracic

plate broadly triangular with more
than 2 prs. of setae. Head black; body
black to reddish-black; scoli bright

yellow.. . .Heliconius wallacei, p. 144
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Text-fig. 8. Heliconiine larvae. Heads of two species, frontal views, 1st through 5th instars. Drawn to same
height, measured from base of scolus to ventral tip of mandible. To facilitate comparison, scoli have been
drawn without allowance for perspective. Setae omitted. A, Heliconius sara, first instar; B, same, second
instar; C, same, third instar; D, same, fourth instar; E, same, fifth instar. A’-E’, H. aliphera, corresponding
growth stages.

FF. Some spinules longer than vertical

diameter of eye group; prothoracic

plate narrow with 2 prs. of long setae.

Head marked with white, black and
maroon; body huffy brown spotted

and banded with white and dark red;

scoli variably dusky.

Dryas iulia, p. 132

EE. Sublaterals clearly longer than Vi X
2 TH Dorsal.

G. Head Scolus clearly shorter than

head height; Head black; body yellow
with black spots.

Heliconius ricini, p. 143

GG. Head Scolus about as long as head
height. Color not as above.

H. Head brown and white; body dark
with narrow bronze-orange stripes

above and a pale lateral stripe.

Agraulis vanillae, p. 130

HH. Head orange; body brownish-

black.. .Dryadula phaetusa, p. 131

CC. Head Scolus much longer than head height,

at least as long as 2 TH Dorsal.

I. 2 TH Lateral longer than 4 AB Dorsal;

all spines very long, the Head Scolus up
to 2Vi X head height. Head orange; body
white with black bands; tumid bases of

scoli orange; prothoracic plate narrow
with 2 prs. of long setae.

Philaethria dido, p. 135

II. 2 TH Lateral clearly shorter than 4 AB
Dorsal; Head Scolus at most slightly more
than twice head height. Color not as above.

J. Head Scolus at least 1% X head height.

Head black with white; body dorsally

black with white or yellow markings;

lower sides yellow or white. Prothoracic

plate broad, divided into 2 or 4 parts,

with a total of 2 or 3 prs. of small setae.

K. Head Scolus about 1 3A X head

height; Sublaterals scarcely shorter

than Supralaterals; AB Dorsals about

% longer than head height. 8 and 9

AB segments orange above.

Heliconius isabella, p. 137

KK. Head Scolus about twice head

height; Sublaterals less than % as

long as Supralaterals; AB Dorsals

almost twice head height. No orange

on 8 and 9 AB segments.

Heliconius aliphera, p. 138

JJ. Head Scolus 1 Vi or less X head height.

Prothoracic plate slender with 2 prs. of

long setae. Body white with black spots.

L. Prothoracic plate unpigmented (ex-

cept setae).

Heliconius numata, p. 140

LL. Prothoracic plate black.

M. Head and prolegs orange-yellow.

Heliconius melpomene, p. 139

MM. Head buff; prolegs with dusky

patches externally.

Heliconius erato, p. 142
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Text-fig. 9. Heliconiine larvae. Heads of two species, lateral views, 1st through 5th instars. Arrangement

and scaling as in Text-fig. 8. A-E Heliconius sara; A’-E’, H. aliphera.

C . Description of the Species

1. D/one junto (Cramer)

a. First instar. (PI. II, Figs. 12, 13).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head, prothoracic plate, anal plate

and bases of setae groups black. Body, legs and

prolegs dull orangish-yellow.

Length: At hatching, 1.7 mm.; maximum, 2.5

mm.

b. Fifth Instar. (Text-figs. 5A, 6A, 7A).

Diagnosis.—A scolus on 1 TH; all scoli ex-

tremely short, the longest (2 TH Dorsal) less

than half head height. Body dark brown marked
with small orange spots.

Description.— Scoli: Head Scolus short, its

height less than distance between posterior and

lowest ocelli. A slightly longer scolus, thick and

with sparse spinules, arising from lower part of

prothoracic plate; this character is unique

among the 14 species under consideration. 2 TH
Dorsal, although the longest scolus, measures

less than half head height; 8 AB Dorsal slightly

longer than remaining scoli; the latter show no
striking differences in length, although the Su-

pralaterals and Sublaterals are, progressively,

slightly shorter than the corresponding Dorsals.

Spinules short.

Head: In frontal view, higher than broad;

lateral margins of epicranial lobes scarcely

rounded; lobes in lateral profile behind scolus

moderately rounded. Head length about 6% of

maximum total length.

Prothoracic Plate: In addition to the scolus on
1 TH described above, each half of the broadly

triangular, elevated plate gives rise to a long,

strong seta on a tumid base near dorsal midline;

a third seta, of moderate size, arises between it

and the scolus, but behind both; many very small

setae also are present.

Color: Head, prothoracic and anal plates,

scoli, legs and external sides of prolegs all glossy

black. Body velvety dark brown to almost black

with small, paired spots, brownish-yellow to

brown-orange. On middle part of body the ar-

rangement is very regular, in three series as fol-

lows, from dorsal profile ventrally, on each seg-

ment: First series, 2 spots near dorsal midline

( 1 anterior, 1 posterior) ; second series, 3 larger

spots at level of Dorsals ( 1 in front and 2 be-

hind), the largest spot on any segment being

always the one in front of the Dorsal; third

series, 3 spots as in second series, but in front of

and behind Supralaterals.

The second and third series may be viewed

together on each segment as forming three faint

vertical bands, although the elements are not

joined. The pre-scolus spots continue dorsally

with the anterior spot of the first series, and the

first post-scolus spot with the posterior spot of

the same series. Since they are all non-marginal,

they may correspond to Bands 2, 3 and 4 of the

five bands traceable in a number of species (p.

151). Occasionally a narrow silvery band is

visible on the anterior margin of a segment, in a

position corresponding to Band 1. The spots and

indications of series are best developed on 1-7

AB, and missing altogether on 10 AB. There is
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sometimes a scattering of small silvery speckles,

especially dorsally.

Maximum Length: 37 mm.

c. Second, Third and Fourth Instar.

Scoli: Scolus on 1 TH distinguishable in sec-

ond instar.

Color: Head black throughout all instars, as

are prothoracic and anal plates. Body color pro-

gressively darker brown with each molt. The
first spots appear in the fourth, the most con-

spicuous being those of the first series, near

dorsal midline, although there are traces of

others laterally; all are small and obscure,

brownish-yellow, and mostly vertically oval in

shape. Most scoli dusky in second, the least pig-

mented being the Sublaterals; all scoli com-
pletely black in the third and thereafter, except

that a few posterior scoli sometimes remain
partly translucent through the third. Legs and
outer sides of prolegs fully black by third.

2. Agraulis vanillas (Linnaeus)

a. First Instar. (PI. II, Figs. 16, 17).

Setae and Crochets: Fleming, 1960, p. 91;
Text-figs. 4, 5.

Color: Head, prothoracic plate, legs, anal

plate and all setae black. General body color

varying from translucent buffy to pale brown,
with white spots and brown bands as follows: 2
rows of white spots, the upper larger, first, be-

tween dorsal and supralateral setae groups and,

second, below supralateral setae groups; these

spots occur on 2 and 3 TH and on 2, 4 and 6 AB;
rarely present also on 1 TH. Brown bands, vary-

ing in intensity and width with the individual

and its age, present on 1, 3, 5, 7 and 8 AB;
bands on 7 and 8 AB sometimes coalesced and
extending onto 9 AB during part of instar. Bases
of setae faintly dusky in early part of instar.

Prolegs variably dusky, sometimes black distally.

Length: At hatching, 2.6 mm.; maximum,
4.2 mm.

b. Fifth Instar. (Text-figs. 6B, 7B, 11A; PI.

IV, Fig. 26; PI. IX, Fig. 53; PI. X, Fig. 62).

Diagnosis.—Head Scolus about as long as

head height; no scolus remarkably elongated;

Sublaterals clearly longer than half 2 TH Dor-
sal. Body with narrow orange or shining orange-

brown stripes in upper half; a white stripe, con-

tinuous or broken, in lower half.

Description. — Scoli: Head Scolus almost

straight, diverging from other member of pair,

scarcely longer than head height. All Scoli mod-
erately long with long, numerous spinules. 2 TH
Dorsals longer than other Dorsals, slightly

longer than Head Scolus, about 1.3 times head

height which about equals 4 AB Dorsal. Lat-

erals, Supralaterals and Sublaterals well devel-

oped, progressively slightly shorter than the

corresponding Dorsals on each segment. All

Sublaterals clearly longer than half 2 TH
Dorsal.

Head: In frontal view, broader than high;

lateral margins of epicranial lobes little rounded;

lobes in lateral profile behind scolus strongly

rounded, notably setose. Head length about 6%
of maximum total length.

Prothoracic Plate: Each half flat, broadly tri-

angular, with 2 long setae, 1 moderate and many
small ones.

Color: Head creamy white marked strongly

with orange-brown, principally in vertical

bands, as follows: 1, extending from inner mar-

gin of base of scolus to adfrontals, and coloring

adfrontals, adjacent margin of epicranial lobes

and labrum; 2, a medially broken band extend-

ing antero-laterally, from base of scolus ven-

trally through ocelli; 3, a band from posterior

base of scolus to posterior margin of head.

Base color of body above level of Supralat-

erals, gray to black marked with 3 pairs of nar-

row stripes, variably orange to orange-brown,

the latter usually with a metallic sheen. The first

stripe is submedian, the second between Dor-

sals and Supralaterals; the third immediately

below Supralaterals and running through spir-

acle level. All three run the entire length of

thorax and abdomen, although they are irregu-

larly and variably interrupted; submedian
stripe often with a black division on each seg-

ment setting off a posterior spot from an ante-

rior stripe; second stripe always more broken

than first or third. At the levels of the Dorsals

and Supralaterals are, sometimes, in the basic

dark region, extra rows or irregular sprinklings

of white or yellowish dots.

Below the third stripe is a fourth stripe of

variable breadth and continuity, but immaculate

white or buffy; it extends to the level of the Sub-

laterals. Ventral to the latter the body is black,

with transverse rows of white or yellow dots on
median abdominal segments; there is always one
row on each segment from the Sublateral to the

proleg base, and, often, two anterior and one
posterior row in addition continuing around
ventral surface. Finally, a row of 4 or 5 white

dots usually surrounds proleg base externally.

Scoli brownish or dusky to black, the tips

always darkest, sometimes completely black in

dark individuals; scoli bases set in small black

spots.

Maximum Length: 35 mm.

c. Second, Third and Fourth Instars.
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Color: In second instar, head completely

black as in first; a median pale frontal spot ap-

pears in third and persists in fourth; remaining

cephalic markings do not appear until fifth.

On the body, the dark bands and pale spots

of first instar persist through second; the basic

body color darkens from buffy in the first

through orangish-brown in the second to black

in the third; the gray cast, if any, never apparent

until the fifth.

The orange body stripes appear in the third,

the submedian stripe being best developed, and
usually in two sections as in many fifth instar

individuals, the more posterior, smaller section

yellow, the anterior orange. The second stripe

is represented chiefly by an elongated white

spot on even-numbered abdominal segments,

below level of Dorsals; this series appears to be

homologous with the similarly placed white

spots of the first two instars in this and other

species (p. 151). The third stripe, homogene-
ously dull orange, is broken but distinct. In some
individuals, no white stripe or other pattern is

found below this level; in others, sometimes two
or three light spots occur on each segment, at

level of Sublaterals, but these tend to appear
only late in the instar; irregular yellowish

speckles are sometimes sparsely present in third,

especially anteriorly.

In the fourth, the chief developments are in

the increased distinctness of the two lower

orange stripes. The second stripe is still indistinct

but partly yellow now, with no indication of the

early white spots, and is more clearly a stripe;

the third stripe is the most interesting since there

are indications on each segment that it is com-
posed of five separate spots, the first on each
segment largest. One to three faintly yellow
spots at level of sublateral scoli, usually behind
spine, but a larger one sometimes in front. The
rows of 4 or 5 small white dots usually found in

fifth surrounding ventral proleg bases also ap-
pear in the fourth.

Prothoracic and anal plates, scoli, legs and
prolegs black throughout the instars.

3. Dryadula phaetusa (Linnaeus)

a. First Instar.

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head translucent brown, margined

posteriorly with black. Body dull yellow with

dark brown bands on 1, 3, 5 and 7 AB and three

series of white spots as follows: First series, be-

tween dorsal and supralateral setae groups on
2 and 3 TH, and on 2, 4, 6 and 8 AB. Second
series, exactly as in Agraulis vanillae, between

supralateral and sublateral setae groups (p.

130). Third series, below sublateral setae

groups, on 2, 4, 6 and 8 AB. Prothoracic plate,

suranal plate and tumid bases of setae dark

dusky, often almost black; legs black, prolegs

variably dusky.

Length: At hatching, 3.1 mm.; maximum, 4.8

mm.

b. Fifth Instar. (Text-figs. 5B, 6C, 1C).

Diagnosis—Very similar in form to Agraulis

vanillae, differing noticeably only in the dis-

tinctly curved Head Scolus; coloration very dif-

ferent, Dryadula phaetusa being black with an

orange head, with no trace of the body stripes

so characteristic of vanillae.

Description.—Scoli: All scoli slightly longer

and more slender then in A. vanillae, but their

proportions are very similar; 2 TH, the longest,

is fully one and one-half times the head height

instead of only about one and one-third; Head
Scolus slightly but definitely curved, instead of

practically straight.

Head: In both frontal and lateral views, epi-

cranial profiles more rounded than in vanillae,

except for dorsal profile behind Head Scolus,

which is arched in both species. Head strongly

setose, as in vanillae. Head length about 6% of

maximum total length.

Prothoracic Plate: As in vanillae.

Color: Head pale to vivid orange. Body vel-

vety dark brownish-black, except for strongly

chitinized scoli bases which are so glossy black

that in direct lighting they resemble silver spots.

Intersegmental membranes, anal segment and

anal prolegs lighter brown, washed with black.

Legs orange, like head. Ventral prolegs as dark

as general body color. Prothoracic plate and

scoli all black.

Maximum Total Length: 40 mm.
c. Second, Third and Fourth Instars.

Head orange-brown, increasingly orange with

each molt. Body, in second instar, homogeneous
medium brown, darkening to successively deep-

er browns in third and fourth. In second only

are vestiges of the white spots of the first instar

apparent; they are represented by three white

semicircles, one beneath each scolus and half-

ringing its base on 2, 4 and 6 AB; in addition,

there are small clusters of white dots on all three

thoracic segments below level of lowest scoli.

The over-all brown color obscures the vestiges,

if any, of the first instar’s dark bands. Anal seg-

ment, in third and fourth, orange-brown to

orange, like head, while 8 and 9 preceding it are

the same color but washed with dusky. Scoli and

legs black throughout the instars; ventral pro-

legs darker brown than body color, darkening
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Text-fig. 10. A, Dryas iulia, first instar, lateral view;

B, H. isabella, head and part of thorax, drawn to

same head height as A. Note relative lengths of

setae. The arrangement of dark bands and white

spots in D. iulia is typical of the general pattern in

a number of first instar larvae (see text, p. 000).

with each instar; anal prolegs lighter, about same
shade as body, but darker than anal segment.

4. Dryas iulia (Fabricius)

a. First Instar. (Text-fig. 10A; Plate II, Figs.

14,15).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head brownish; body yellow-brown

with white spots alternating with brown bands;

prothoracic and anal plates, setae and legs dark.

The details of coloration, more complex and

variable than usual in first instar larvae in this

group, are as follows:

Head translucent orange-brown edged pos-

teriorly with black. General body color similar

but more yellowish. Dark brown bands present

on dorsal half of 1, 3, 5, 7 and 9 AB, the first

four stronger than the last. The pigment band

passes through the antero-median part of the

segment, always including the bases of the setae

groups, but the anterior and posterior extension

of the bands on each segment is various. White

spots are present in three series along each side

as follows: First series, on 2 and 3 TH and 2, 4,

6 and 8 AB, between dorsal and supralateral

setae groups; second series, on same segments,

plus, sometimes, 1 TH between supralateral and
sublateral setae groups; third series, present at

least on 2, 4 and 6 AB, between bases of the

two setae in sublateral group. This latter series

is the most variable, being usually but not al-

ways discernible, and sometimes very strong; a

roughly corresponding spot also usually present

on 1 TH, sometimes faint or absent; it is some-

times present also on 2 and 3 TH, and, finally,

usually present but very faint on 9 and 10 AB.

As indicated, there is great variation in the

development of both dark and white pigment,

particularly the latter, which may reach abnor-

mally high expansion under chloroform and

shortly after immersion in formalin. At these

times the two upper rows of white spots may
coalesce completely in front of the setae groups

on each of the affected segments and the spots

of the third series become far more prominent

than usual; finally, traces of white spots appear

even above the proleg bases, as in older larvae.

Prothoracic and suranal plates dark. All setae

black, with slightly tumid, usually dark bases.

Legs and prolegs dark brown.

Length: At hatching, 2.9 mm.; maximum 4.0

mm.
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b. Fifth Instar. (Text-figs. 6D, 7D, 11A, B;

PI. IV, Fig. 27; PI. IX, Fig. 54; PI. X, Fig. 63).

Diagnosis—Head Scolus clearly shorter than

head and Sublaterals, less than half 2 TH Dor-

sal; scoli otherwise long; 2 TH Dorsal about 1.3

times longer than either head or 4 AB, 2 TH
Lateral scarcely shorter. Body buffy brown,

spotted and banded with white, black and dark

red.

Description —Scoli: Head Scolus slightly less

than height of head, slender, almost straight and

directed more upward than in Agraulis vanillae

or Dryadula phaetusa. Dorsals, Laterals and

Supralaterals about as in vanillae ( 2 TH Dorsal

being about one and one-third times times head

height, while 4 AB Dorsal and the other scoli

are in proportion). The Sublaterals, however,

are clearly shorter than one-half 2 TH Dorsal,

and all the scoli are more slender. In the gen-

eral form and proportions of all scoli, the great-

est similarity is to the otherwise dissimilar H.
wallacei, the most notable difference being only

in the lengths of the spinules on the Head
Scolus, Dorsals and Laterals, which are exceed-

ingly long (sometimes surpassing the vertical

diameter of the ocelli group) in Dryas iulia, as

in vanillae and phaetusa, and unusually short in

H. wallacei (see Text-fig. 6M).

Head: Epicranial profiles in both frontal and
lateral views more rounded than in vanillae, less

than in phaetusa or wallacei; setae less numer-
ous than in any of those three species. Head
length about 6% of total length in full-grown

larva.

Prothoracic Plate: Each half very slender,

non-triangular, with only two setae, each long

and strong, the upper close to dorsal midline,

the lower near ventral edge of plate. Among the

species under consideration, similar plates are

found only in Philaethria dido, Heliconius nu-

mata, H. melpomene and H. erato.

Color: The coloration of this species is more
complex than in any others in the study; it is

also moderately variable, especially on head and

thorax.

General Appearance: A buffy brown cater-

pillar, spotted and banded with lighter and dark-

er, head creamy white with strong black and

dark red markings, of highly variable extent.

Thorax with three transverse dark bands, visible

when larva is extended; abdomen with black

spots and speckles dorsally and, laterally, four

oblique white bands alternating with dark ones,

above a white, broken, lateral stripe running

the length of the body. The distinctiveness of

the markings varies considerably with the posi-

tion of the caterpillar and the length of time

before pupation; there is also extensive indi-

vidual variation.

Head: Creamy white with black blotches and,

posteriorly, a dull orangish-red or dark red

border, of varying width, sometimes scalloped

anteriorly, sometimes practically coalescing with

the anterior black marking so that the basic

white is largely superseded. There are five black

blotches, all visible from the front, although

variable in form; they are always discernible

separately and in constant locations. One pair

passes through Head Scoli, extending antero-

ventrally; one pair lies below and lateral to the

preceding, extending to edge of head immedi-

ately behind antennae; the fifth blotch is formed

by the front which is normally wholly black;

adfrontals creamy white, unpigmented.

Thorax: Anterior and posterior margins dark

brown; median part of each segment buffy. At

level of dorso-lateral scoli, invaginations of the

brown marginal bands extend backward and

forward on each segment, forming a reddish-

brown lateral stripe; these characteristics, how-

ever, are extremely variable; in some specimens

the marginal invaginations are practically ab-

sent; in others they almost cover the segment.

Abdomen: Dorso-laterally, to immediately

below level of spiracles, the abdomen is brown-

ish, with four obliquely transverse, dorso-lateral

white bands on 2, 4, 6 and 8 AB, respectively,

extending from antero-laterally to postero-dor-

sally. The alternating segments, namely 1, 3, 5

and 7 AB, are washed in the same areas with

darker pigment than the general color of the

segment, giving the effect of alternating dark

and white oblique bands. The basic similarity of

this pigmentation with that of a number of first

instar larvae, including Dryas, is obvious (see

p. 151).

On each abdominal segment are 5 transverse

rows of highly variable dark spots and bars. The
first, on anterior margin, is often composed of

two large spots, subdorsal and lateral; on 1, 3,

5 and 7 AB is a third lower spot; the second

row is composed of two spots, sometimes fused,

through bases of the Dorsals and Supralaterals;

they are largest on 1, 3, 5 and 7 AB, where the

spots extend both above and below the scoli,

further darkening these segments; on the remain-

ing segments they are above the scoli only. The
third, fourth and fifth rows are formed of nar-

row interrupted bands which are reduced to two

irregular bands on the last several segments. On
each segment these posterior rows are thicker

and confluent basally, that is, at about the level

of the spiracles.

Sides, from spiracle level to below level of
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Text-fig. 11. Heliconiine larvae: Pigment patterns in fifth instar from dorsal midline to base of legs and
prolegs. Diagrams on left: 1 TH and 2 TH. Diagrams on right: 3 AB and 4 AB. A, B, Agraulis vanillae,

a dark individual (cf. light individual in PI. IV, Fig. 26); C, D, Dryas iulia; E, F, Heliconius sara.
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Sublaterals, buffy white; on each segment a dark

red band crosses the white diagonally upward,
from front to back, merging posteriorly with

the confluent margin of the three posterior trans-

verse rows of black. Markings on last three seg-

ments progressively irregular and obscure.

Sublateral surface mottled dark brown and
buffy gray; a prominent pale spot above an-

terior side of base of each proleg and a more
posterior buffy spot behind base of each proleg.

Prothoracic plate black; suranal plate reddish-

brown. Scoli variably pigmented, darkest distal-

ly; spinules black. Legs and prolegs reddish-

brown.

Maximum Length: 32 mm.

c. Second, Third and Fourth Instars. (Plate

VI, Figs. 36, 37, 38).

Color: The head remains translucent brown,

without markings, through the third instar; very

faint darker brown markings become visible in

fourth; no cream or reddish markings are ap-

parent before fifth. General body color brown
throughout second, third and fourth, darkening

with the successive molts; the dark bands and

white spots of first instar are all traceable in all

the later stages, more so than in any other

species. In the third, the condition is almost per-

fectly intermediate between the similar state of

the first and the complex pattern of the fifth. No
red pigment on lower sides of prolegs is, how-
ever, developed before fifth. As in the fifth, in

each of the instars the white markings are most
clearly marked on the middle abdominal seg-

ments. The oblique bands of the lower sides

are not distinct until the fourth, and the vertical

narrow bands of the fifth are not usually clear

before that stage on most segments.

Prothoracic plate and scoli jet black in the

younger larvae; by the fourth some of the AB
Dorsals are less fully pigmented, a trend which
is often carried further in the fifth (see under
Fifth Instar). Legs, prolegs and last two seg-

ments approximately same color as head, the

legs sometimes darker, the last segments usually

lighter; by the fourth instar only the area of the

suranal plate is still light.

5. Philaethria dido (Clerck)

a. First Instar.

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head translucent orange-brown, its

posterior margin dark. General body color buffy

yellow with white spots and dark bands, similar

to Dryas and others, but differing in details:

Dark bands present on 1, 3, 5, 7 and 9 AB,
sometimes on upper half of segment only, re-

stricted to middle portion, and sometimes ex-

tending ventrally to base of prolegs and covering

much of the segment. White spots are in three

series: First series, between dorsal and supra-

lateral setae groups, on 2 and 3 TH and 2, 4, 6

and 8 AB; second series, between supralateral

and sublateral setae groups on all segments in

the first series and on anal segment in addition;

third series, above bases of legs and prolegs and

below the sublateral setae groups, on 1 TH and

on 2, 4, 6, 8 and 10 AB. As usual, both white

spots and dark bands are of variable extent.

Setae black, legs and prolegs dusky.

Length: At hatching, 3.7 mm.; maximum, 6.0

mm.

b. Fifth Instar (Text-figs. 6E, 7E; PI. IV, Fig.

28; PL IX, Fig. 55).

Diagnosis. All scoli exceptionally long, Head
Scolus and 2 TH Dorsal being more than twice

head height, bases of Dorsals and Supralaterals

greatly expanded, tending to coalesce, bright

orange-red in color; body otherwise banded with

black and white, head orange.

Description. Scoli: Head Scolus about two

and one-third times head height, moderately

curving, members of the pair little divergent.

2 TH Dorsal slightly more than twice head

height, 2 TH Lateral almost as long as 2 TH
Dorsal and only slightly longer than 4 AB Dor-

sal. Supralaterals and Sublaterals exceptionally

long, very slightly, and progressively, shorter

than corresponding Dorsals; 4 AB Sublateral

fully one and one-half times head height.

Head: Resembling Agraulis, with the epi-

cranial profile in frontal view even less convex

in upper portion, and with the front conspicu-

ously narrower. In lateral view, the epicranial

profiles most resemble Dryadula with even con-

vexity both dorsally and anteriorly. Head length

about 6% of maximum total length.

Prothoracic Plate: As in Dryas (p. 133), H.

numata, melpomene and erato, each half very

slender with only two setae.

Color: Head bright orange. Body with all seg-

ments banded narrowly and more or less dis-

tinctly with black and white; when pigment is

fully developed there are five white bands alter-

nating with four dark on each segment; they

show most clearly in the dorsal midline; in the

areas of the Dorsals and Supralaterals they are

obscured by the greatly tumid bases giving rise

to these scoli. The bases are brilliant orange-

red, and, on 1, 3, 5 and 7 AB, are so enlarged

that the bases of the Dorsals coalesce with those

of the corresponding Supralaterals, giving the

effect of orange-red bands. The less tumid bases

of all the other scoli also show some orange.
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Text-fig. 12. Heliconiine larvae: Pigment patterns in fifth instar from dorsal midline to bases of legs

and prolegs. Diagrams on left: 1 TH and 2 TH; diagrams on right: 3 AB and 4 AB. A, B, Heliconius

numata, €, D, H. melpomene, E, F, H. erato.
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Text-fig. 13. Heliconius ricini: Pigment pattern in fifth instar, from dorsal midline to bases of legs and
prolegs. A, 1 TH and 2 TH; B, 3 AB and 4 AB.

except the Sublaterals. The Dorsals and Supra-

laterals themselves are also orange-red, except

for black tips. Head Scolus, 2 TH Dorsal, 2 TH
Lateral and Anal Scolus all black. Sublaterals

white in basal half, orange-red medially, black

distally. A purple-red stripe runs along sides be-

low Sublaterals, and an oblique stripe of the

same color on each proleg segment, diverging

posteriorly to pass above base of proleg.

Prothoracic and anal plates black. Legs and
prolegs unpigmented.

Maximum Length: 48 mm., the largest larva

in the group under consideration.

c. Second, Third and Fourth Instars.

Color: The head becomes less brown and
more orange with each molt. General body col-

or dusky, banded with pale gray in second and
third, black with pale gray in fourth; the pure

white and narrow, distinct black bands do not

become clear until fifth instar. The orange on
thorax and abdomen appears first in the third,

much grayed, and becomes bright and pure

orange in the fourth; it does not become orange-

red, nor does it extend into the scoli themselves,

until the fifth. Prothoracic and suranal plates

black throughout development. Scoli also black

throughout, until fifth, except Sublaterals, which
are medially pale in the fourth instar only, in the

sections which become orange-red in the fifth.

Legs black through fourth; prolegs dark through
third; even in fourth they are still faintly dusky
externally.

6. Heliconius Isabella (Cramer)

a. First Instar. (Text-fig. 10B; PI. Ill, Figs.

18, 19).

Setae and Crochets: Fleming, 1960, p. 91;
Text-figs. 4, 5.

Color: Head black. General color, dorsally

and dorso-laterally, greenish-white with dusky,

vertical bands on abdomen; these are strong on

1, 3, 5 and 7 AB, faint on 2, 4 and 6 AB. Last

three segments (8-10 AB), as well as lower sides,

ventral surface, feet and legs, entirely yellowish-

white. On all segments, except those bearing the

pronounced dusky bands (1, 3, 5, and 7 AB),
the tumid bases of the two upper setae groups

are white, not greenish-white. All setae black.

Length: At hatching, approximately 2.2 mm.;
maximum, 3.3 mm.

b. Fifth Instar. (Text-figs. 6F, 7F; PI. IV, Fig.

29; PI. IX, Fig. 57; PI. X, Fig. 64)

.

Diagnosis—Head Scolus about 1.75 times

head height; none of Dorsals strikingly lower

than remaining body scoli; 2 TH Dorsal and 4

AB Dorsal subequal, the latter the longer, about

1.25 times head height. Tumid bases of Dorsals

and Supralaterals on 8 and 9 AB much enlarged,

coalescent on each segment, bright orange; color

otherwise black above, variably marked with

lighter; a yellow stripe along sides, lower parts

colorless.

Description.—Scoli: Head Scolus longer than

in any other species in this study except Philae-

thria dido and H. aliphera; it usually measures
about 1.75 times head height although, as in all

species with elongate scoli, there is considerable

variation. It is strongly curved, in both lateral

and frontal views. The body scoli are moderately
long, and remarkable chiefly for their lack of

striking differences in length, although as usual

the Dorsals, Supralaterals and Sublaterals show
some progressive diminution in size proceeding

ventrally on each segment. AB Dorsals longest,

much shorter than Head Scolus, about 1.2 times

longer than head height; scarcely longer than
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TH Dorsals. Sublaterals scarcely shorter than

corresponding Supralaterals. Bases of 8 and 9

Dorsals and 8 and 9 Supralaterals greatly tumid

and expanded, coalescent on each segment.

Spinules on body scoli notably sparse and long.

Head: In frontal view, very similar to P. dido,

the epicranial profiles scarcely rounded; lateral

profiles also similar. Head length about 8.5% of

maximum total length.

Prothoracic Plate: Divided into four parts,

that is, two sections on each side of dorsal mid-

line; each part broad and roughly quadrilateral,

although there is variation in size, degree of

distinctness and shape. Only one small seta on

each of the four sections.

Color: This species, along with the very simi-

lar H. aliphera, is the most variable in larval

coloration of all fourteen species under con-

sideration. In both species there are very pale

and very dark phases and an excellent range

between. In neither species was a correlation

found between a larval color phase and imaginal

color, sex or health.

General Color: Head black with white mark-

ings anteriorly or largely white with black mark-

ings. Body black above, usually with narrow,

transverse gray or white bands; upper part of

8 and 9 AB orange; anal segment (10 AB) yel-

low to white; a yellow lateral stripe running the

length of the body above greenish-white, trans-

lucent legs, prolegs, lower sides and underparts.

Prothoracic plate black; anal plate pale; scoli

varying from pale to black.

Details of coloration on typical, dark indi-

viduals are as follows: head black with white

anterior markings poorly developed, consisting

only of divergent, interrupted, slender crescents

on epicrania and as a spot extending across apex

of front. Thorax and 1-7 AB entirely black as

far down as level of Supralaterals, except for

white on prothorax outlining the two paired

black elements of prothoracic plate; 8 and 9 AB
bright orange above; 10 AB white or yellow.

A broad stripe, clear yellow, extending from 1

TH through 9 AB, from level of Supralaterals

to Sublaterals. Spiracles outlined strongly in

black; from their upper edge a narrow bar of

black runs upward to the black area; a similar

black bar occurs behind each spiracle. Below
the Sublaterals, underparts, legs and prolegs

translucent and colorless except for a faint

greenish tinge.

Head Scolus completely black; Dorsals and
Supralaterals black with pale tips except for

those on 8 and 9 AB, which have the distal third

to half pale; Sublaterals, including Anal Scolus,

all translucent and colorless throughout.

In contrast, very pale individuals differ notably

in having far more white on the head, and in the

presence of up to 5 transverse bands, white or

gray, breaking the dorsal black area on each

segment from 1 TH through 7 AB; these pale

bands may be as wide as the alternating black

bands. Pale individuals differ also in the paler

orange of 8 and 9 AB, in the paleness of the

yellow lateral stripe, and in the larger unpig-

mented areas on the Dorsals and Supralaterals.

Head Scolus often with middle section unpig-

mented, while scoli on thorax and, especially,

abdomen, tend to be unpigmented in distal half.

In a common intermediate phase the head is

predominantly black, with strong anterior white

markings on front and epicranial lobes and, pos-

teriorly, a white stripe extending from the base

of each scolus to posterior margin of head; in

addition, there are three or four irregular dorsal,

white transverse bands on each thoracic segment

and three narrow bands on each segment of 1-5

or 1-6 AB, including submarginally, on anterior

and posterior part of each segment.

Maximum Total Length: 31 mm.

c. Second, Third and Fourth Instars. (PI.

VIII, Figs. 49, 50).

Color: Head entirely black in second instar

as in first; thereafter with varying amounts of

white; some individuals with more white on head
in fourth than in fifth. Thorax with all elements

of prothoracic plate black throughout; in fourth

instar some individuals have the plate divided

into two, not four, sections; 1 TH around plate

always unpigmented in early instars, later white.

Dorsal area increasingly dark brown, not black,

through fourth, with traces of the darker bands
of first instar apparent through the third. The
first trace of yellow-orange on the tumid bases

of 8 and 9 AB Dorsal are apparent in third. Lat-

eral yellow may be visible in third, but usually

not until fourth; it forms in several distinct areas

on each segment, which later coalesce. The black

bars running between the dark upper surface

and the spiracles and post-spiracular areas ap-

pear in the fourth.

All scoli and spinules more or less dusky dur-

ing second and third; middle section of Head
Scolus at this time generally unpigmented; Sub-

laterals lose their pigment in the fourth and fifth

instars. Underparts, legs and prolegs translucent

and colorless, or with greenish tinge, through-

out the instars.

7. Heliconius aliphera (Godart)

a. First Instar. (Text-fig. 8A; PI. Ill, Fig. 20).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head capsule pale translucent and col-

orless or slightly buffy; body pale translucent
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yellowish except for dusky tumid bases of setae

groups; setae black. No trace of dark bands or

white spots.

Length: At hatching, 1.3 mm.; maximum, 2.4

mm.

b. Fifth Instar. (Text-figs. 5E, 6G, 7G, 8E;

PI. IV, Fig. 30; PI. IX, Fig. 56; PI. X, Fig. 65).

Diagnosis.—Head Scolus about 2.25 times

head height; 2 TH Dorsal and 4 AB Dorsal sub-

equal, the latter the longer, about 1.8 times head

height; 2 TH Lateral notably shorter than 4 AB
Dorsal; Sublaterals at most slightly more than

half length of Supralaterals. 8 and 9 AB Dorsals

and Supralaterals without orange pigment; color

otherwise similar to H. isabella in having upper

portions dark with light markings, a pigmented
white or buffy stripe midlaterally, and colorless

ventral parts.

Description—Scoli: Longer than in any other

species in this study in relation to total maxi-

mum length of body, and longer than any of

the species except Philaethria dido in relation

to head height. Head Scolus variable, but usu-

ally at least 2.25 times head height, and between
20 and 30 per cent, of the highly variable maxi-

mum total length; moderately curved. Dorsals

all about equally long through 7 AB, their

spinules very long; the longest AB Dorsals very

slightly longer than 2 and 3 TH. Dorsals about
1.8 times head height; 2 TH Lateral notably

shorter than the Dorsals, about 1.5 times head
height. Supralaterals of first several AB segments
notably longer than thoracic Laterals; Sub-

laterals, although well developed, relatively

shorter than in H. isabella or P. dido, measuring
at most slightly more than half length of cor-

responding Supralaterals. Spinules on body scoli

few in number but very long and, except on
Sublaterals, stout at their bases. This larva ap-

pears more spinous and bristling than does that

of any other species in this study.

Head: Similar to isabella, from which it dif-

fers in frontal view in the slightly more convex
epicranial profiles and the narrower front.

Prothoracic Plate: Divided into two broad

portions by dorsal midline; each half with three

setae.

Color: Similar to isabella, with black, white-

marked head, black or parti-colored dorsal and

dorso-lateral areas, light-colored sides and poste-

rior segments, colorless underparts, legs and

prolegs, parti-colored scoli and high variability.

It differs conspicuously and unvarying as fol-

lows: There is no orange on 8 and 9 AB; the

lateral stripe is often white, never as yellow as

in isabella; finally, in aliphera, the light dorsal

markings, when present, are yellow, not white,

and take the form of spots rather than narrow

bands; often there is one anterior and one

posterior spot on each segment.

The extremely pale forms of aliphera are

relatively paler than corresponding isabella, with

even the dorsal dark areas so weak in pigment

that they appear gray. In aliphera, the distal,

not basal, portions of parti-colored scoli are

dark. As in isabella, no correlation whatever

was found between larval color phases and im-

aginal pigmentation, sex or health.

Length: This is the smallest species in the

study, with a maximum length of 24 mm.

c. Second, Third and Fourth Instars. (Text-

figs. 8B', 8C', 8D'; PI. VIII, Figs. 45, 46, 47,

48, 51, 52).

Color: Development of the pattern proceeds

much as in H. isabella; its even greater varia-

bility makes details of its development in indi-

viduals or the species as a whole of little value.

The head pigment appears first in the third in-

star, the white or yellowish pigment of the lat-

eral stripe in the fourth.

8. Heliconius melpomene (Linnaeus)

a. First Instar. (PI. Ill, Fig. 24).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 1-5.

Color: Head capsule dull orange buff, ap-

parently always without posterior margin. Gen-

eral color, dull yellowish-orange with faint dark

bands on 1, 3, 5 and 7 AB, apparent for a few

hours only in the later middle part of the instar.

Bases of all setae slightly tumid, brownish; setae

dark except for pale tips; legs dark; prolegs

dusky externally, at least in later middle part of

instar. No trace of white spots.

Length: At hatching, 2.9 mm.; maximum,
4.9 mm.

b. Fifth Instar. (Text-figs. 6H, 7H, 12C, D; PI.

V, Fig. 31; PI. IX, Fig. 58; PI. XI, Fig. 66).

Diagnosis—Head Scolus about 1.5 times head

height; 2 TH Dorsal slightly longer than others

in dorsal series, less than 1.5 times head height;

Sublaterals about 4/5 head height; prothoracic

plate slender with 2 pairs of long setae, pig-

mented black; head and prolegs orange-yellow;

body white with black spots.

Description—In H. melpomene, numata and

erato, the larvae are so similar that they can only

be surely told apart by details of the pigment

patterns in life.

Scoli: All moderately long, but without ex-

ceptional characteristics. Head Scolus moder-
ately curved, slightly longer than any other,

usually about 1.5 times head height, about as
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long as 2 TH Dorsal; the latter is more than a

third longer than either 4 AB Dorsal or 2 TH
Lateral; 2 TH Lateral about a fourth longer

than head height; Sublaterals about 4/5 head
height, the Dorsals, Supralaterals and Sublat-

erals on the segments forming well-graduated

series.

Head: In frontal view with epicranial profiles

moderately convex in upper portions; from the

side, the anterior profile below the Head Scolus

is flattened. Head length 6.5% or less of maxi-

mum total length.

Prothoracic Plate: As in Dryas iulia, Phil-

aethria dido, H. numata and H. ricini, slender,

divided into halves at the dorsal midline, each

half giving rise to two long setae.

Color: Head orange-yellow to yellow-orange-

yellow, without dusky posterior margin; pro-

thoracic plate black. Body altogether white with

black spots except for posterior part of anal seg-

ment which is like head. Ventral surface dusky.

Scoli black. Feet and prolegs, like head, without

dark pigment.

The arrangement of the black spots is very

constant in this species, as well as in numata,

erato and ricini, as follows; not all spots, how-
ever, are present in full-grown numata larvae.

Viewed casually, two series of quincunxes are

apparent on each of the segments except in the

anterior and posterior regions; they are placed

one above the other, and share several spots. In

detail, the spots are placed as follows:

1. A mid-dorsal series of 1 anterior and 1

median spot on all segments except 1 TH and

9 and 10 AB.

2. A series of one spot at levels of Dorsals in

posterior part of segment on each of the same

segments as in 1.

3. A series of 1 anterior and 1 median spot

between Dorsals and Supralaterals.

4. A series of 1 anterior and 1 posterior spot

at level of Supralaterals or slightly below them.

5. A series of 1 median spot immediately

above level of Sublaterals on all abdominal seg-

ments except 9 and 10 AB.

6. A dark, dusky crescent (distinct from regu-

lar ventral pigment) above bases of legs, ventral

prolegs and in corresponding positions on 1 and

2 AB.

Viewed as vertical series of spots, instead of

horizontally, Series 1-5 inclusive show simi-

larities to vertically-banded species, notably Phil-

aethria dido.

Maximum Total Length: 42 mm.

c. Second, Third and Fourth Instars.

Color: Second instar, head orange-buff to

orange-yellow throughout development, as in

first and fifth, but margined posteriorly with

black; prothoracic plate dusky to black through-

out; scoli and legs black throughout, suranal

plate unpigmented. Body color in second instar

still buffy and translucent, but all spots of full-

grown larvae are discernible, faintly dusky; 9

and 10 AB as yellow as head; 7 and 8 AB yel-

lower than more anterior segments, with spots

extremely faint; white pigment starting develop-

ment in more dorsal regions on 2 and 3 TH and
1 AB. Ventral prolegs with large dusky patch

externally on each; anal proleg orangish-yellow,

like posterior segments and head, immaculate
except for dark secondary setae.

By the third instar, both the white pigment

and black spots are well developed and the dark

pigment of ventral prolegs usually reduced to a

slight duskiness; 8, 9 and 10 AB yellow, im-

maculate, like head, with yellow tinge on 7 AB
and also on lower sides from level of Sublat-

erals ventrally; all scoli bases of two upper

series, except on posterior yellow segments, set

in very small black spots.

Fourth instar like fifth except that entire anal

segment is still orange-yellow, with traces of the

same color on the two preceding segments (8

and 9 AB), and that the ventral prolegs still

show traces of dusky patches externally.

9. Heliconius numata (Cramer)

a. First Instar.

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color : Head translucent buffy, bordered pos-

teriorly with black. Thorax and last abdominal

segment translucent, paler buff than head; 5

AB darkest; 9 and 10 AB streaked with dusky.

Bases of setae slightly enlarged with minute

dark speckles; setae and legs dusky; prolegs

dusky externally. No trace of white spots. Dif-

fers from H. melpomene and erato in the un-

broken brown tinge on most of abdomen; at no

time is there a banded phase.

Length: Maximum, 4.7 mm.

b. Fifth Instar. (Text-figs. 5F, 61, 71, 12A,

B).

Diagnosis.—Very similar to H. melpomene,

from which it differs notably in having the pro-

thoracic plate unpigmented, a difference which

persists well in preservative. In life, the black

spots are fewer and smaller than in the majority

of melpomene, being almost always absent at

least from the mid-dorsal line. Head Scolus usu-

ally about 1.5 times head height; 2 TH Dorsal

slightly longer than others in dorsal series, less

than 1.5 times head height; 2 TH Lateral about

as long as head.
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Description—Scoli: In comparison with mel-

vomene, the small differences in relative scoli

length are too slight to be of practical taxonomic
value without recourse to serial treatment, since

as usual in species with long scoli there is con-

siderable individual variation. The clearest dif-

ferences are in the Laterals, which are shorter

than in melpomene (2 TH Lateral about as long

as head, instead of about a fourth longer) . The
Head Scolus is more curved than in melpomene,
although there is great variation in this respect

in both species; and all scoli in numata are

slightly more slender.

Head: In frontal view, numata resembles

Philaethria dido more than If. melpomene, with

upper epicranial profile scarcely convex; ante-

rior profile of epicranium in lateral view also

notably straight. Head length less than 6% of

maximum total length.

Prothoracic Plate: Slender, with two long

setae, as in Dryas iulia, Philaethria dido, H.
melpomene and H. erato.

Color: Head same orange-yellow as in mel-

pomene. Thorax and abdomen: Pure white,

including prothoracic plate, with black spots

only as follows: Thorax none, except for black

outlining spiracle and, in some specimens, a

faint irregular dusting of dusky on lower sides

and one spot (dusky or black) above base of

each leg (see 6, below); occasionally a dusky
spot on 3 TH between dorsal and lateral scoli.

Abdomen with spots as follows in comparison
with melpomene:

1. (Mid-dorsal series absent).

2. (Series at level of Dorsals absent).

3. Series of 2 spots on each segment—one
anterior, one median—between Dorsals and
Supralaterals, as in melpomene, but only on 3, 4,

5 and 6 AB, and, faintly, on 7 AB.

4. This long and important melpomene series

is represented in numata only by single spots,

not two, usually present on 3 and 4 AB, some-
times additionally on 5 AB, in posterior part of

segment only, near level of Supralaterals; the

spot may, however, be slightly above or below
level of scolus.

5. (Series of 1 median spot above Sublaterals

absent)

.

6. A spot as in melpomene, but not cres-

centic, above bases of legs, ventral prolegs and
intervening segments.

In summary, spots in numata are practically

confined to the dorso-lateral region of the ab-

domen. They show great variation, are almost
always smaller than in melpomene, and are

sometimes practically lacking. Text-figs. 12A,
B diagram them at their most extensive.

In some specimens there is a faint irregular

dusting of dusky on lower sides. Spiracles al-

ways rimmed noticeably with black; ventral sur-

face translucent whitish. As in melpomene, the

yellow on anal segment is confined to the region

around anus.

Maximum Total Length: 39 mm.

c. Second, Third and Fourth Instars.

Color: Second instar distinguished from all

others by having the prothoracic plate dusky to

black; head and last two segments pale buffy, the

head as in first instar margined posteriorly with

black; thorax and abdomen still brownish-yel-

low, semi-translucent, immaculate throughout

instar; scoli and spinules black, or almost so,

for entire length; legs black, prolegs dusky to

black externally except for unpigmented anal

prolegs.

Third instar with head, prothorax and last

three segments clear orange-yellow; prothoracic

plate now unpigmented in some individuals, as

in later instars; in others it is still very dark.

General color dark brown with white pigment

developing on 1-6 AB, surrounding locations of

future spots; these are left brown as in younger

larvae, with dusky speckles developing increas-

ingly through the instar; no white pigment in

dorsal midline; white developed chiefly on pos-

terior part of each segment and around scoli

bases; sometimes it forms a strong lateral stripe

through Supralaterals. Dark spotting much more
complete than in fifth instar, usually correspond-

ing perfectly to that found in fully grown mel-

pomene and erato, although the spots are rela-

tively larger and less pigmented than in full-

grown larvae of either of the latter species.

In addition to the generally quincunxial ar-

rangement of the groups, the spots show clear

evidence of three vertical rows of spots on each

segment—a row of large spots before scoli, a

second row of faint spots between and slightly

behind scoli, and a third of large spots behind

scoli. The two mid-dorsal spots belong to the

anterior and middle rows. Traces are shown in

this third instar also of a pigment spot on outer

side of anal proleg.

Fourth Instar: Little or no reduction in num-
ber of spots described in third instar, which are

also characteristic of melpomene and erato. The
only reliable specific difference occurs in the

pigmentation of the prothoracic plate, which is

now unpigmented, as in fifth, except for black

pigment which usually occurs immediately

around base of the lower setae on each half of

the plate, and for an occasional, subsurface

dusky tinge.

In summary, while in color the second instar
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is distinguishable from corresponding stages of

melpomene and erato, the third cannot be dif-

ferentiated and the fourth only by a single,

slightly variable character.

10. Heliconius erato (Linnaeus)

a. First Instar. (PI. Ill, Fig. 25).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: We have been unable to find a reliable

color difference distinguishing erato from mel-

pomene.

Length: At hatching, 2.6 mm.; maximum 4.8

mm.

b. Fifth Instar. (Text-figs. 6J, 7J, 12E, F;

PI. V, Fig. 32; PI. IX, Fig. 59; PI. XI, Fig. 68).

Diagnosis.—Very similar to H. melpomene
and numata, from both of which it differs con-

spicuously only in details of color, as follows:

Head buff, not orange-yellow; legs and prolegs

with dusky pigment, instead of being immacu-
late; bases of some scoli orange. Prothoracic

plate black, as in melpomene. The chief dif-

ferences in non-color characters are confined to

slightly shorter scoli, the head scolus being usu-

ally only about a quarter longer than head
height, not a half, as in the other two species.

Description—Scoli: Head Scolus always lit-

tle curved, less so than in most specimens of

melpomene and numata, slightly shorter than

2 TH Dorsal, about one-quarter longer than

head height; Laterals about as in numata, about

equal to head height, instead of longer, as in

melpomene. As noted in the description of

numata, however, the small differences in rela-

tive scoli length and the large range of variation

in the three species make the scoli of slight prac-

tical taxonomic value, without extensive an-

alyses of long series.

Head: Upper lateral profiles of head from
front resembling H. numata and Philaethria

dido rather than the more convex melpomene;
anterior epicranial profile from the side, how-
ever, is notably convex; length of head in re-

spect to its height intermediate between the

short-headed numata and long-headed mel-

pomene; head length about 6.5% or less of

maximum total length.

Prothoracic Plate: Narrow, with 2 long scoli

on each half, as in Dryas iulia, Philaethria dido,

H. melpomene and H. numata.

Color: Head pale buff, usually with a pair of

black patches on epicranium, adjacent to ad-

frontals and immediately above level of upper

margin of ocelli groups. Body white with black

spots, their arrangement as in melpomene (p.

140), although the individual spots are larger;

bases of most scoli orange, their color being most
extensive on Dorsals and Supralaterals. The
white of dorsal and lateral surfaces extends to

below level of Sublaterals and posteriorly below

anus; below the white area is a band of dull,

translucent orange, including legs and prolegs;

ventral surface pale. Two small black patches,

one below the other, on external side of each

proleg; two dark blotches, often indistinct, above

proleg bases. Prothoracic and anal plates, spi-

racles and scoli jet black.

Maximum Total Length: 36 mm.

c. Second, Third and Fourth Instars.

Scoli: Obviously shorter than in correspond-

ing melpomene and numata, their bases more

tumid.

Color: Second Instar: Head pale buff, about

as in fifth instar, but anteriorly without mark-

ings, bordered posteriorly with black. Protho-

racic plate black; scoli dark dusky, the sub-

lateral series least dark; prothoracic and anal

segments like head. General color dorsally and

laterally light gray with dark dusky spots already

visible in positions found in later instars; dorso-

ventrally on each segment dull yellowish bands

run through levels of bases of Dorsals and Supra-

laterals; the bands merge, at level of Sublaterals,

with the general yellowish color of the lower

sides. Legs black; a single large dusky spot on

external surface of each proleg, paler on anal

proleg.

The second instar of erato differs from the

corresponding stages in melpomene and numata

in the feebler development of pale grayish pig-

ment (the precursor to the later white), and in

the presence of distinct dull yellow bands

through the scoli.

Third and Fourth Instars: The typical pig-

mentation of black, white and yellow is very

well developed, although the white has a grayish

cast and differs from the fourth chiefly in that it

dies out at the end of 8 AB or the middle of 9

AB, instead of extending to below the anus;

the orange is still extensive, being confluent

around the scoli except dorsally, so that the three

rows of scoli on each side are joined by a dull

orange band on most segments; the orange, how-

ever, does not extend up into the bases of the

scoli proper, as it does in the Dorsals and Supra-

laterals during the fifth instar, but is confined to

the area of their insertion; the spots are rela-

tively larger than in the fifth; the head still

shows a black posterior margin, as in young lar-

vae; the legs are still entirely black.

The third and fourth instars differ clearly

from the corresponding stages of melpomene

and numata in the strong presence of yellow
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around the scoli bases, and its relatively weak
development on the last abdominal segments,

while the reverse is true in the other two species.

11. Heliconius ricini (Linnaeus)

a. First Instar. (PI. ill, Figs. 22, 23; PL VII,

Fig. 40).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head buff yellow, edged posteriorly

with black; body yellowish, paler than head;

bases of setae slightly dusky; setae dusky with

pale tips; abdominal spiracles dusky; legs and
prolegs like body, without dark pigment. No
trace of dark bands or white spots.

Length: At hatching, 1.8 mm.; maximum, 2.9

mm.

b. Fifth Instar. (Text-figs. 6K, 7K, 13; PI. VI,

Fig. 33; PI. VII, Fig. 44; PL IX, Fig. 60; PL XI,

Fig. 68).

Diagnosis.—Head Scolus clearly shorter than

head height; 2 TH Dorsal about one-quarter

longer than head height, slightly longer than

Laterals or remaining Dorsals. Head brown to

black; body yellow with black spots.

Description—Scoli: All shorter than in H.
melpomene, numata and erato, the species which
it resembles closely in color pattern. In their

relative lengths, the scoli resemble those of

Agraulis vanillae most closely. The Head Scolus

is even shorter, about four-fifths of head height,

scarcely curved, and directed more upward than

forward. All scoli more slender than in vanillae,

but thicker in relation to body length than in

melpomene and its relations. No striking differ-

ences in body scoli, all of which are somewhat
longer than Head Scolus; 2 TH Dorsal slightly

the longest, measuring about one-fourth longer

than head height. Sublaterals almost as long as

corresponding Supralaterals.

Head: In frontal view, much like melpomene
,

with epicranial profiles even more convex; from
the side the greater resemblance is to erato, al-

though the epicranial profiles are less convex.
Length more than 9% of maximum total length,

relatively much longer than in melpomene,
numata and erato.

Prothoracic Plate: As in vanillae and similar

species, divided by dorsal midline into two
broadly triangular sections, each with two long,

one moderate and a number of small setae; it

shows no resemblance to the elongate form
found in Dryas iulia, H. melpomene, etc.

Color: Head black, along with prothoracic

and anal plates, scoli, legs and an outer distal

spot on each proleg. Body bright greenish-yellow

with black spots arranged very similarly to those

of melpomene. The spots are irregular or absent

on the thorax and on 9 and 10 AB, but strongly

developed on 1-8 AB. A thin sprinkling of black

speckles is often apparent on back and sides.

The spiracles are so strongly pigmented that

each gives the appearance of a spot.

Maximum Length: 27 mm.

c. Second, Third and Fourth Instars. (PL

VII, Figs. 41, 42, 43).

Color: In these instars there is considerable

variation in the time of darkening of the head;

heads of siblings in the third instar may range

from creamy yellow to light brown and in the

fourth from brown to almost black; the head

also pales to an exceptional and variable extent

before the molt. The body color is more clearly

yellow, less greenish, in these younger stages.

All of the dark spots, along with the dark pig-

ment of thoracic and anal plates and of the legs,

become apparent in the second instar. Scoli

black, or practically so, throughout develop-

ment.

12. Heliconius sara (Fabricius)

a. First Instar. (Text-figs. 8A, 9A; PL III, Fig.

21 ).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head translucent buffy yellow, pos-

terior margin black. General body color pale

buffy; no trace of dark bands or white spots.

Setae dark and their tumid bases dark, develop-

ing strongly first around dorsal setae groups.

Prothoracic plate, suranal plate and legs black.

Prolegs with dark patches externally.

Length: Maximum, 4.5 mm.
b. Fifth Instar. (Text-figs. 6L, 7L, 8E, 9E,

11E, 1 IF; PL V, Fig. 34; PL IX, Fig. 61; PL XI,

Fig. 69).

Diagnosis—A brownish-black or reddish-

black larva with Head Scolus less than half head
height; 2 TH Dorsal more than one and one-half

times length of any other scolus; 2 TH Lateral

shorter than 4 AB Dorsal.

Description.—Scoli: Head Scolus less than

one-half head height, directed almost vertically,

its tip pointing backward; from the front the two
members of the pair converge. 2 TH Dorsal
more than one and one-half times longer than

any other scolus, but still shorter than head
height. 2 TH Lateral clearly shorter than 4 AB
Dorsal. Supralaterals and Sublaterals short, half

or less than half corresponding Dorsals, the Sub-
laterals only slightly shorter than Supralaterals.

Spinules very short.

Head: Higher than wide in frontal view, con-

siderably narrower at base of scoli than between
eyes, the upper lateral epicranial margins little
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convex. Anterior epicranial profile moderately

convex in lower portion. Head length more than

10% of maximum total length.

Prothoracic Plate: Each half broadly triangu-

lar with 2 long, 1 moderate and a number of

short setae.

Color: Head, prothoracic and suranal plates,

scoli, legs and outer sides of prolegs glossy black.

Body color otherwise very dark brown, usually

tinged with reddish.

Maximum Total Length: 29 mm.

c. Second, Third and Fourth Instars. (Text-

figs. 8B, 8C, 8D, 9B, 9C, 9D).

Color: Head, prothoracic plate, suranal plate

and legs black throughout these instars; scoli

usually black, sometimes brown posteriorly, as

late as third. Body color buffy yellow in second,

variably yellowish- brown in third, variably dark

brown, but without reddish tinge of fifth, in

fourth. Prolegs pale through third, black in

fourth except anal proleg, which may be dusky

in third. Spiracles black in third.

13. Heliconius wallaeei Reakirt

a. First Instar.

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Differs from H. sara as follows: Head
darker, yellowish-brown instead of buffy yellow;

dusky patches on anal proleg only, instead of on

ventral prolegs also.

Length: At hatching, 2.1 mm.; maximum, 3.7

mm.

b. Fifth Instar. (Text-figs. 5C, 6M, 7M).

Diagnosis.—

A

black or reddish-black larva

with long yellow scoli; Head Scolus r' out as

long as head height; 2 TH Lateral at ast as

long as 4 AB Dorsal; prothoracic plate broadly

triangular with more than 2 pairs of setae; no

spinules nearly as long as vertical diameter of

ocelli group.

Description—Scoli: Head Scolus about equal

to head height, almost straight, but directed

obliquely forward, as usual, rather than back-

ward as in H. sara. 2 TH Dorsal conspicuously

elongated; although less than one and one-half

times head height. 2 TH Lateral at least as long

as 4 AB Dorsal. Supralaterals and Sublaterals

well developed, more than half length of cor-

responding Dorsals, the scoli in the three series

on each segment progressively smaller ventrally.

Head: Head from front differs conspicuously

from that of sara not only in its greater width,

in which it resembles most other species under

discussion, but in the strongly convex lateral

profile of the epicranial lobes; it is notably more

setose in this view than any other species except

Agraulis vanillae and Dryadula phaelusa, which

are comparable. Head length more than 7% of

maximum total length.

Prothoracic Plate: As in H. sara.

Color: Head, prothoracic and suranal plates,

legs and prolegs, black. Body, velvety brownish-

black faintly tinged with reddish-purple. Scoli

all bright yellow except those of head, which are

yellowish suffused with dusky. Spinules dark

brown.

Maximum Length: 38 mm.

c. Second, Third and Fourth Instars.

Color: Head brownish-black to black in sec-

ond instar, completely black thereafter. Body
color deep buffy yellow in second instar to yel-

lowish-brown or darker brown by fourth. Pro-

thoracic plate, anal plate and legs black through-

out; prolegs dusky in second, black in third and

thereafter. Scoli faintly to moderately dusky in

second, varying with the individual; in some the

duskiness is chiefly anterior, in others posterior;

considerable change also takes place in an indi-

vidual from one molt to the next, since the dark-

est scoli in successive instars are not necessarily

in the same region. In the third and four in-

stars, the Head Scoli are always black. The body
scoli are dark dusky, darkest anteriorly, through-

out the third. There is no hint in either second or

third instars of the clear yellow which colors the

body scoli of older larvae; this characteristic

appears abruptly in the fourth and is unique
among all the species under consideration.

14. Helkoniws don's (Linnaeus)

a. First Instar. (PI. II, Fig. 12).

Setae and Crochets: Fleming, 1960, p. 91;

Text-figs. 4, 5.

Color: Head brownish-black. Body clear pale

green-yellow. Setae and their tumid bases dark.

Thoracic and anal plates black. Legs and pro-

legs dusky.

Length: At hatching, 2.31 mm.; maximum,
4.2 mm.

b. Fifth Instar. (Text-figs. 5D, 6N, 7N).

Diagnosis.—No scolus on anal segment; all

scoli notably shorter than head height except

2 TH Dorsal, which is about one and one-half

times head height and one and two-thirds times

length of next longest scolus. Supralaterals

shorter and more slender than Sublaterals. Body
greenish-yellow with dark transverse bands.

Description.—Scoli: Head Scolus scarcely

more than a spinuliferous tubercle, as in Dione

juno, its height less than half that of ocelli group.

Body scoli all short, except for 2 TH Dorsal,
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which is about one and one-half times head
height, and about one and two-thirds times

length of other Dorsals. 2 TH Lateral relatively

shorter even than in H. sara, half head height

and only three-fifths length of AB Dorsals;

Supralaterals thinner and no longer than Head
Scolus. Sublateral Scoli almost twice as long and
thick as corresponding Supralaterals, about one-

fourth head height. Spinules short, more closely

set on Laterals and Sublaterals than on Dorsals.

No trace of a scolus on anal segment except for

a small, round, flat, black spot in the usual posi-

tion, bearing several small setae; this character

is unique among all the species under consid-

eration.

Head: Narrowed dorsally in frontal view,

somewhat as in sara, but with upper sides more
convex; front very narrow. Head from side with
anterior profile sloping almost straight from top
down, little convex. Head length more than 7%
of maximum total length.

Prothoracic Plate: As in sara, but with small
setae more numerous.

Color: Head, prothoracic and anal plates,

scoli, spiracles, legs and lateral proleg patches
all glossy jet black. General body color greenish-
yellow, with 10 brownish-black bands, one
through level of each Dorsal Scolus, from 2 TH
through 8 AB. The band on each segment stops
partway down the sides; on the thorax it ends
slightly behind Laterals; on abdomen it passes
through Supralaterals and continues, narrowed,
to level of Sublaterals. Minute secondary setae,
which do much to dull the appearance of the
body color, are brown.

Maximum Total Length: 35 mm.

c. Second, Third and Fourth Instars.

Color: Head, Head Scolus, some anterior

scoli, prothoracic plate, suranal plate and legs

glossy black throughout growth. General body
color pale green-yellow, clearer and more yellow

than in fifth instar, partly because of the less

pigmented secondary setae; no trace of dark
vertical bands before fifth. Scoli, spiracles and
proleg patches mostly dusky in second instar,

completely black by third.

V. Pupae

A. Characteristics of the Subfamily

The pupae of the Heliconiinae show a remark-

able variety in shape and ornamentation. The
color range is from dark brown to almost white,

the wing veins are often marked with dark pig-

ment, and gold-colored spots are a frequent

characteristic of the dorsal parts of the thorax

and abdomen. Within the group, the most use-

ful taxonomic characters are the relative devel-

opment of projections from the head, and of

flanges, tubercles, spines and gold-colored spots

on the thorax and abdomen. Minor characters

are furnished by the tip of the abdomen and

the development of small tubercles on the wings.

Abbreviations and Terminology.—The follow-

ing list defines the use of terms in the following

section.

1 TH, 2 TH, 1 AB, etc. First thoracic segment

(prothorax), second thoracic segment (meso-

thorax) , first abdominal segment, etc.

Postmedian tubercles of forewing. A series of

tubercles occurring slightly distal to the area of

the wing midway between its base and its outer

margin.

Submarginal tubercles of forewing. A series

of tubercles occurring near the outer margin of

the wing, distal to the postmedian tubercles, close

to them and parallel with them.

Cells M‘>, Ms and Cu\; Vein M2 . As in the

wings of adult butterflies ( e.g ., Klots, 1951, p.

50 ff.; figs.). The postmedian and submarginal

tubercles occur only in these areas, as described

below and shown in Pis. XIV and XV. For dia-

grams of heliconiine wing venation, see Mich-

ener, 1942, figs. 1-8.

Cremaster. The hook-bearing prolongation of

the last (tenth or anal) segment of the abdomen
(Text-fig. 14).

Description—The pupae, in accordance with

the general characteristics of the Nymphalidae,

are naked, suspended only from the tip of the

cremaster, lack the epicranial suture, have the

legs of 1 TH and 2 TH extending cephalad to

the eyes, and the legs of 2 TH extending slightly

between the sculptured eyes and the antennae.

In general appearance the chrysalids range from

almost smooth with few tubercles to rugose with

large flanges, tubercles and spines. The wings,

along with the attached antennae, often protrude

well below the abdomen.

Head with a pair of projections varying from

small tubercles to long, flattened, scalloped ap-

pendages. Antennae with segments usually

marked, except proximally and distally, with

tubercles or short spines.

Thorax: 2 TH with a medio-dorsal crest or

blunt ridge. Paired dorsal tubercles or spinous

projections present or absent on 1 TH, always

present on 2 and 3 TH. Shiny, gold-colored

spots present or absent at bases of these tubercles

or spines on 1 and 3 TH; never present on 2 TH.
At base of forewing on 2 TH, dorso-laterally,

two tubercles and a longitudinal ridge are always

present; the lower tubercle is always the larger,

the ridge follows behind it and both form char-

acteristic features of the pupa’s profile as seen in
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Text-fig. 14. Anal segments of pupae: Ventral views. A, Agraulis vanillae, male; B, Heliconius melpomene,

male; C, H. melpomene, female.

the dorsal and ventral view. Forewing with a

group of three postmedian tubercles or three sub-

marginal tubercles, or both, ranging from rudi-

mentary to spinous; the postmedian series al-

ways occurs in Cells M2 , M3 , and Cui. In the

submarginal series the first is almost continuous

with Vein M2 and the third opposite posterior

part of Cell Cui. Ventral profile of wing ranging

from gently rounded and projecting little beyond
that of abdomen to sharply angular and strongly

projecting.

Abdomen: Mediodorsal tubercles always

present on anterior margins of 5, 6 and 7 AB,
never on other segments. One pair of gold-col-

ored spots present or absent on 1 and 2 AB.
Paired dorsal tubercles or spinous projections

always present on 1-7 or 8 AB; those on at least

3 and 4 AB are often enlarged and flange-like,

sometimes partly fused and overlapping. Supra-

lateral tubercles always present on 3 and 4 AB,
sometimes on 1 and 2 AB. Sublateral (sub-

spiracular) tubercles present in Philaethria only.

Cremaster usually as broad as long, distally

truncate, or with the median distal portion pro-

duced into a terminal triangle. Tip always flat-

tened and covered with numerous hooked setae.

The fourteen Trinidad species may be divided

into three groups, as follows:

Group A
Dione juno, Agraulis vanillae, Dryadula phae-

tusa, Dryas iulia, Philaethria dido, Heliconius

doris.

Pupa without spines; cephalic projections no

longer than broad except in D. phaetusa; paired

subdorsal tubercles on abdomen not strongly

modified into large flanges; gold-colored, shiny

spots on thorax and abdomen present or absent.

Group B

Heliconius aliphera; H. isabella.

Spines present on thorax and abdomen, but

absent on antennae; no subdorsal flanges on ab-

domen, no gold-colored spots.

Group C
Heliconius melpomene, H. numata, H. wal-

lacei, H. sara, H. erato, H. ricini.

Spines present on thorax, abdomen and an-

tennae; subdorsal flanges present on abdomen,

those at least on 3 AB strongly developed; 3

to 5 pairs of gold-colored spots on thorax and

abdomen.

Of the six species in this group, numata, mel-

pomene, wallacei and sara are more similar to

one another than they are to erato and ricini,

while the latter two species resemble each other

more than the others. Within the first group,

numata and melpomene on the one hand and

wallacei and sara on the other form similar

pairs.

The distinguishing characteristics among the

six species consist of: (a) the degree of basal

spinulation on the antennae; (b) the form of the

cephalic projections; (c) the presence or ab-

sence of paired gold-colored spots on 1 TH;
(d) the form of the paired subdorsal flanges on

3 and 4 AB; (e) the length and direction of the

spines on these flanges; (f) the relative length

of the corresponding subdorsal spines on 5, 6

and 7 AB and the relative sizes of the small, sup-

porting flanges, if any; (g) the shape of the

ventral profile of antennae and wings; and (h)

the relative development of postmedian and

submarginal wing tubercles.

Duration of Pupal Stage: Nine to ten days,

rarely eight.

B. Key to Pupae

A. Pupa without spines or spine-like tubercles more
than twice as long as their basal width.

B. Cephalic projections more than twice as long

as broad; gold spots present.

Dryadula phaetusa, p. 148
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BB. Cephalic projections no longer than broad;

gold spots present or absent.

C. Cephalic projections absent except for a

tubercle at each angle of front.

D. Abdomen with small subdorsal flanges;

gold spots present Dryas iulia, p. 148

OD. Abdomen with subdorsal tubercles but

no flanges; gold spots absent.

Heliconius doris, p. 150

CC. Cephalic projections palmate, distally mi-

nutely tuberculate or with short digitiform

processes.

E. Subspiracular tubercles present; hooks of

cremaster each with a single prong; gold

spots present Philaethria dido, p. 148

EE. Subspiracular tubercles absent; hooks of

cremaster two-pronged; gold spots absent.

F. Supralateral tubercle on 1 and 2 AB
absent; dorsal flanges on 3 AB bidentate,

projecting well above level of other

flanges Agraulis vanillae, p. 147

FF. Supralateral tubercle on 2 AB always

present. Paired dorsal flanges on 3 AB
distally multi-tuberculate, scarcely pro-

jecting above level of other abdominal

structures Dione juno, p. 147

Afl. Pupa with true spines, some of which are more
than four times as long as their basal width.

G. Antennal segments tuberculated but not

spinous; 3 and 4 AB each with 2 pairs of long

spines, directed obliquely forward and back-

ward, respectively; no subdorsal abdominal
flanges; gold spots absent.

H. Spines on 3 and 4 AB each with a small,

basal posterior tubercle; supralateral tubercle

present on 2 AB; small paired subdorsal

tubercles present on 8 AB.
Heliconius isabella, p. 149

HH. No tubercles at bases of spines on 3 and 4

AB; no supralateral tubercle on 2 AB; no
subdorsal tubercles on 8 AB.

Heliconius aliphera, p. 148

GG. Antennal segments distinctly spinous; 3 and 4
AB with enlarged dorsal flanges each sur-

mounted by a spine; gold spots present.

I. Cephalic projections palmate, little longer

than broad.

J. Dorsal spine on 4 AB at least as long as

spine on 3 AB, directed straight outward;

flanges on 3 and 4 AB not overlapping;

no gold spot on 1 TH.
Heliconius wallacei, p. 149

Ji. Spine on 4 AB small, much shorter than

that on 3 AB; flanges of 3 and 4 AB over-

lapping; gold spot present on 1 TH.

K. Spines on 3 AB at least as long as height

of supporting flanges; height of wing at

level of 3 AB greater than height of seg-

ment 5 AB.
Heliconius melpomene, p. 149

KK. Spines on 3 AB much shorter than

height of supporting flanges; height of

wing at level of 3 AB less than height

of segment 5 AB.
Heliconius numata, p. 149

II. Cephalic projections more than twice as

long as wide.

L. Spines on 3 and 4 AB much longer than

height of supporting flanges; no supra-

spiracular gold spot on 3 TH.
Heliconius sara, p. 149

LL. Spines on 3 and 4 AB much shorter than

height of supporting flanges; supraspi-

racular gold spot present on 3 TH.

M. Flanges on 3 and 4 AB closely apposed,

but not overlapping.

Heliconius erato, p. 149

MM. Flanges on 3 and 4 AB overlapping.

Heliconius ricini, p. 150

C. Descriptions of the Species

1. Agraulis vanillae (Linnaeus)

(Text-fig. 14 A; PI. XII, Figs. 71, 72)

Cephalic appendages about as broad as long,

each with two large, rounded antero-inner pro-

jections and about seven to nine much smaller,

unequal, external projections. Antennal seg-

ments marked only by low tubercles.

Paired dorsal tubercles on 1 TH present; 2

TH strongly carinate; post-median and sub-

marginal tubercles of forewing represented by

very low, rounded mounds. Ventral profile of

wing almost rectangular, projecting far beyond
that of abdomen at level of 3 and 4 AB.

Paired dorsal tubercles on 1-7 AB, that on
3 AB enlarged into a moderate, bidentate flange;

tubercle on 4 AB very small; 5-7 AB also with

flanges, progressively smaller than on 3 AB and
all scarcely more than compound tubercles, al-

though larger than tubercle on 4 AB. No supra-

lateral tubercles on 1 and 2 AB; sublateral

tubercles altogether lacking. Cremaster as broad
as long, truncate distally, broadly quadrilateral

and with a pair of tubercles dorsally; hooks 2-

pronged, completely covering the distal surface.

General color brown.

Length about 26 mm.

2. Dione juno (Cramer)

(PI. XIV, Figs. 82, 83)

Pupa similar to that of Agraulis vanillae, from

which it differs as follows:

1 . Cephalic appendage even shorter, although

distinct; flattened dorso-ventrally; distally mi-

nutely tuberculate.

2. Postmedian and submarginal tubercles of

forewings much stronger.
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3. Paired dorsal tubercles of 3 AB enlarged

into flanges which are larger, distally tubercu-

late and with the entire surface rugose and finely

tuberculous, as is that of the entire dorsal area

of the abdomen. 4 AB with a similar flange only

slightly smaller, and 2 AB with an even smaller

structure, carina-like. These three flanges run
practically the full lengths of their segments, and
appear fused basally to form an elongate single

flange on each side of dorsal midline. Segments

5, 6 and 7 AB each with a progressively smaller

flange, rugose and distally tuberculate.

4. A small, supralateral tubercle on 2 AB and,

sometimes, on 1 AB; the usual tubercle, excep-

tionally large, on 3 and 4 AB.
5. Tip of cremaster more flattened; however,

as in A. vanillae, the hooks are two-pronged.

3. Dryadula phaetusa (Linnaeus)

Pupa similar to that of A. vanillae, from
which it differs as follows:

1. Cephalic appendages present, moderately

long, not compressed, triangular in cross section;

length about one-seventh or one-eighth total

length of chrysalid.

2. Four pairs of dorsal gold-colored spots

present, on 1 and 3 TH and on 1 and 2 AB,
respectively.

3. Paired dorsal tuberculate flanges present on

3, 4 and 5 AB, but vestigial on 5 AB, and all are

less well developed than in A. vanillae.

4. Dryas iulia (Fabricius)

(PI, XU, Fig. 70; PI. XIV, Figs. 84, 85)

Pupa similar to that of A. vanillae, from
which it differs as follows:

1. Cephalic projections absent except for a

compressed, blunt tubercle at each distal angle

of the broadly truncate front.

2. Paired gold-colored spots present on 3 TH,
1 AB and 2 AB; first two pairs large; third pair

small and longitudinally elongate.

3. Venation of wings obscure.

4. Postmedian tubercles on wing vestigial or

absent; submarginal tubercles distinct.

5. Paired dorsal tubercles absent on 1 TH, but

present and larger than in A. vanillae on 2 TH,
3 TH, 1 AB and 2 AB. Tubercle on 3 AB en-

larged into a moderate flange, larger than in A.

vanillae, but much smaller than is usual in Heli-

conius spp. (p. 149 ff.). Segments 4-7 AB all

with smaller, subequal flanges, each larger, how-
ever, than in A. vanillae.

6. Cremaster as broad as long, the distal

middle third produced into a triangle, about as

in Heliconius spp.

7. Profile of wing projecting little beyond ab-

domen, gently rounded.

5. Philaethria dido (Clerck)

Very similar to Dryas iulia from which it

differs as follows:

1. Cephalic projections distinct, palmate,

though very small, very much as in Agraulis

vanillae.

2. An extra tubercle, set in a gold-colored

base, present on 2 AB, as in H. melpomene, H.

numata and H. ricini.

3. Carina on 2 TH at wing base tuberculated.

4. Postmedian tubercles of wings well devel-

oped, sharp, almost as spine-like as in some
Heliconius; 4, not 3, submarginal tubercles, of

which the second is elongated into a small flange.

5. A sublateral compound tubercle present on

5, 6 and 7 AB, slightly below and behind

spiracle. This has not been found in any other

member of the group.

6. This pupa is the largest in the group, meas-

uring at least 28 mm. in total length.

6. Heliconius aliphera (Godart)

(PI. XIII, Figs. 78, 79; PI. XIV, Figs. 88, 89).

This species and H. Isabella are too distinct

to compare directly, either with members of

Group A (p. 146) or with the other species of

Heliconius (Group C). In addition, they are

much closer to each other than either is to an-

other species. Of the two, aliphera appears the

less specialized, principally because of the less

exaggerated subdorsal spines.

Cephalic projection short, about equal to di-

ameter of eye, smooth, without scallops or pro-

jections, moderately compressed laterally, di-

vergent from the longitudinal axis and curved

dorsally and posteriorly, distally tapering and

pointed. Antennae without spines.

Gold-colored spots absent. 2 TH with a slight

median crest in posterior half of segment only.

Paired dorsal projections of three thoracic seg-

ments short blunt spines. Postmedian tubercles

of forewing absent; the three submarginal tuber-

cles well developed, each connected with margin

by a stripe of black pigment. Veins marked more
or less distinctly with brown or black. Ventral

profile of antennae and wings projecting little

ventrally.

Abdomen with paired dorsal projections as

follows: 1 AB, a minute tubercle; 2 AB, a mod-
erate tubercle; 3 AB, a long, thick, black-tipped

spine, directed forward and anteriorly hooked

at tip; 4 AB, a similar spine, also anteriorly

hooked, but directed backward; 5, 6 and 7 AB
each with a large, trifid tubercle, the anterior

cusp in each case being longer and sharper.

Supralateral tubercles on 3 and 4 AB very small.

Cremaster from above almost perfectly triangu-
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lar in cross section; tip compressed laterally and

with a ventral extension.

Color: greenish to greenish-white. Veins

marked by dark pigment.

Length: About 18 mm., the smallest pupa in

this study.

7. Heliconius Isabella (Cramer)

(PI. Xlil, Figs. 80, 81)

Differs from H. aliphera as follows:

1. Spines and tubercles are in the same posi-

tions as in aliphera, but all are relatively longer.

This tendency shows well in the paired dorsal

projections on 7 AB, in which the bifid tubercle

of aliphera is represented by a bifid spine, of

which the anterior portion is three times longer

than the blunt posterior part, slender, and bent

forward in a sigmoid curve. Each of the giant

spines on 3 and 4 AB has a small posterior pro-

jection at the base. They are unpigmented ex-

cept, occasionally, at the tips. Spine lengths

variable.

2. There are two additional tubercles, as fol-

lows: First, there is a supralateral tubercle on

2 AB, as well as supralateral spinous tubercles

in the usual position on 3 and 4 AB. Second, an

additional paired dorsal tubercle, small and

simple, not found in aliphera, occurs on 8 AB.

3. Length greater, about 21, not 18, mm.

8. Heliconius melpomene (Linnaeus)

(Text-figs. 14B, C; PI. XIII, Figs. 76, 77)

With the characteristics of Group C (p.

146). Antennae with spines commencing at

base; cephalic projections about as broad as

long, palmate, with five short digital processes

and a single larger, thick, ventral tubercle. Five

pairs of gold spots present, one each on 1 and

3 TH and on 1 and 2 AB, plus a small spot on

3 TH above and behind spiracle. Subdorsal

flanges on 3 and 4 AB moderately large, par-

tially fused and overlapping; spine of flange on

3 AB more than half height of flange, directed

obliquely forward; corresponding spine on 4 AB
very short, directed almost straight outward;

spine on 5 AB longer than that of 4 AB, some-
times longer even than that of 3 AB; spines of

6 and 7 AB longer than spine of 4 AB, subequal.

Ventral profile of antennae and wings mod-
erately projecting ventrally. Postmedial and
submarginal wing tubercles moderately devel-

oped.

General color brown.

Length about 27 mm.

9. Heliconius numata (Cramer)

(PI. XV, Figs. 90,91)

Very similar to H. melpomene, from which

it differs as follows: 1. Subdorsal spines on 3

AB shorter and directed more laterally. 2.

Spines on 6 and 7 AB slightly shorter, directed

more anteriorly. 3. Postmedian tubercles on

wings less well developed. 4. Ventral profile of

antennae and wings projecting less ventrally.

10. Heliconius wallacei Reakirt

(PI. XV, Figs. 92, 93)

Differs from both H. melpomene and numata

as follows: 1. No gold spot on 1 TH; wallacei

is the only species in the subgroup lacking a gold

spot in this position. 2. Flanges on 3 and 4 AB
narrower, not partially fused, their spines very

long, much longer than height of larger flange.

3. Spine of 4 AB directed strongly outward. 4.

Spines of 5, 6 and 7 AB about as long as in

melpomene but arising from small flanges. 5.

Ventral profile more strongly arched; postme-

dian and submarginal tubercles very distinct.

6. Veins strongly pigmented.

11. Heliconius sara (Fabricius)

(PI. XII, Figs. 74, 75)

Intermediate between H. melpomene, numata

and wallacei, above, and erato and ricini, which

follow. It shares with the first three the long sub-

dorsal spines on the abdomen, which are very

similar to those of wallacei. Unlike wallacei, a

gold spot is present on 1 TH, although the supra-

spiracular gold spot on 3 TH is absent and the

spines of 5, 6 and 7 AB arise almost directly

from the abdominal surface instead of being

elevated on small flanges. Flanges of 3 and 4 AB
about as in wallacei, unfused and even some-

what separated. The ventral profile of antennae

and wings projects little and is only slightly

arched.

H. sara differs from all the three preceding

species in the subgroup, and resembles erato and

ricini in having the first few segments of the

antennae non-spinous, almost smooth, although

small spinules are present beginning at about the

5th segment, and in having the cephalic pro-

jections prolonged to more than twice their

breadth and lacking a ventral tubercle. The pro-

jections are about as long as the longest ab-

dominal spines; internally they have three broad
scallops, externally about 4 to 7 or more small

tubercles or spinules, not symmetrically placed

or totalling the same on the two projections.

General color light brown with well marked
dark pigment over veins.

Length about 25 mm.

12. Heliconius erato (Linnaeus)

(PI. XV, Figs. 94, 95)

Along with H. ricini, below, erato differs from
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the four preceding members of the subgroup in

having all the abdominal spines short.

In erato, the cephalic projections are pro-

duced as in sara, but are relatively longer, ex-

tending up to five times their maximum breadth.

Two or three broad, widely separated scallops

on inner margins; external tuberculation coarser

than in sara. Gold spot present on 1 TH, and
supraspiracular gold spot on 3 TH. Flanges on
3 and 4 AB closely apposed but not fused. A
minute flange present under spine base on 5 AB;
flange on 6 AB well developed, almost as large

as that on 4 AB; a smaller but distinct flange

also on 7 AB. Ventral profile of antennae and
wings moderately arched and projecting; post-

medial tubercles well developed, submarginal
tubercles moderately.

Length about 27 mm.

13. Heliconius ricini (Linnaeus)

(PI. XV, Figs. 96, 97)

Pupa very similar to that of sara, from which
it differs chiefly as follows: 1. Antennae with

fewer spines; this character is of course depen-
dent on the presence of the fewer antennal seg-

ments characteristic of this species. Antennal
spines all shorter than in other species with
spinous antennae. 2. Postmedian wing tubercles

feebly developed; submarginal tubercles strong-

ly. 3. Flanges on 3 AB larger, their posterior

edges strongly overlapping flange on 4 AB. 4.

Flange on 6 AB, though still larger than those

on 5 and 7 AB, is smaller than in erato.

Color: Medium brown; veins not strongly

pigmented.

Length: About 26 mm.

14. Heliconius doris (Linneaus)

(PI. XIV, Figs. 86, 87; Text-figs. 5D, 6N, 7N)

The pupa of H. doris is the most aberrant of

the Trinidad heliconiines, and has more in com-
mon with the species in Group A (p. 146) than

with other members of the genus Heliconius.

Pupa almost smooth, without spines or ab-

dominal flanges; all tubercles feebly developed

except on the antennae, where they are pointed

but too low and thick to be designated as spines.

Cephalic appendages represented only by a pro-

jection of the external angle at each side of the

head. Gold-colored spots absent. Paired, low,

subdorsal tubercles present on 1-3 TH and 1-7

AB. Supralateral tubercles on 3 and 4 AB feebly

developed. Two low, postmedian tubercles dis-

tinct on wing; submarginal tubercles indistinct,

confluent; ventral profile of antenna and wings

little projecting. Cremaster triangular and flat-

tened, its hooks with a single barb, much as in

other Heliconius.

Although spines are absent from 10 sibling

pupae from Trinidad, they are present on the

abdomen in 5 of 18 specimens from Surinam.

The spines take the form of thick projections,

scarcely tapering, on 3, 4, 5 and 6 AB; when un-

broken, they are apparently of similar length,

but vary from one individual to the next.

Whether these Surinam pupae were siblings is

unknown. In all other respects the five, repre-

senting both sexes, were unremarkable, and not

to be distinguished either from the remaining

Surinam examples or from the Trinidad speci-

mens.

VI. Discussion

This study of immature stages makes it appar-

ent that a number of previous ideas on relation-

ships within the Heliconiinae are erroneous. It

would, however, be premature to present a sys-

tematic revision at this time, or to draw conclu-

sions on the phylogeny of the subfamily. Instead,

a few observations will be made concerning

similarities among groups of species.

Never has the necessary use of a linear order

of species seemed more unrealistic, since it is

clear that the heliconiines have evolved explo-

sively in a number of directions. It is equally

apparent that the developmental stages in vari-

ous species have evolved at different rates and

not necessarily in parallel directions. Since

mimicry between imagos is certainly a factor in

some cases, it is to be expected that the larvae

of two mimics do not necessarily also appear

similar to each other. Aside from the complica-

tions of mimicry, however, further complexities

arise, in which the larvae resemble larvae of one

group of similar species, while the pupae show
affinities to another; it does not seem in these

latter cases that mimicry is evolved.

One clearly apparent result of this study is

that the old division of the genus Heliconius, in

the original narrow sense, into two parts, is arti-

ficial. The division was proposed by Stichel and

Riffarth (1905) and accepted by a number of

subsequent authors. According to this concept,

groups of similarly colored species, on each side

of a dividing line, mimic each other. The divi-

sion was based on details of the genitalia and on

the extent of the area covered by specialized

scales on the wings. For example, H. melpomene

and H. erato, two well-known red and black

butterflies, supposedly are widely separated in

the genus and resemble each other only through

mimicry. The present study of their growth

stages seems to us clearly to indicate a close

relationship. The falsity of the Stichel & Riffarth

division forms one more bit of evidence for the

ever more obvious necessity of basing systems
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of classification on numerous aspects in the life

of any group of animals.

Based only on similarities in external char-

acters of the immature stages, the following

groups of species may be made:

Eggs. Dione juno and Heliconius doris alone

lay eggs in large groups in a single layer. In H.

ricini, H. sara and H. wallacei, the eggs are laid

in clusters. In all other species the eggs are laid

singly.

First Instar. (For a discussion of the chaeto-

taxy, see Fleming, 1960, p. 91).

Color: In Agraulis vanillae, Dryadula phae-

tusa, Dryas iulia and Philaethria dido, white

spots and dark bands occur on the same seg-

ments and are a prominent feature of the colora-

tion throughout the instar; in H. isabella, H.

melpomene and H. erato, the dark bands ap-

pear for only a few hours shortly after the

middle of the instar; no dark bands are present

in any of the other species during the first

instar. In the first group of species, the bands

and spots are traceable at least through the sec-

ond instar and sometimes longer; in D. iulia,

they are traceable throughout all of the larval

instars.

In D. juno and H. ricini the larvae have black

heads on hatching; in no other species does

black develop on head before the second instar.

Older larvae. Scoli: In D. juno, all scoli are

very short; in H. doris all except those on the

second thoracic segment are short. The longest

scoli are found in H. aliphera and P. dido, which

are, respectively, the smallest and the largest

species in the group; thus, development of scoli

is not dependent merely on the principle of

heterogonic growth. Species with notably

elongate scoli on the second, or second and third,

thoracic segments are H. sara, H. wallacei and

H. doris. In company with D. juno and H. doris,

H. sara has the head scoli remarkably short.

D. juno alone has a scolus on the first thoracic

segment, as do some non-heliconiines. H. doris

is the only species in the group lacking a scolus

on the anal segment.

Color: In coloration, the bodies of D. juno,

D. phaetusa, H. sara and H. wallacei are prac-

tically without patterns and very dark. A. va-

nillae is characterized by narrow longitudinal

stripes on the dorsal half of the body. In H.
isabella and H. aliphera the markings are also

chiefly longitudinal, but are in the form of very

broad, boldly contrasting stripes. In D. iulia

alone is an obviously disruptive pattern, coupled

with cryptic coloration, well developed; it is

effected by a complex combination of bands,

stripes and spots. It is certain, however, that

under field conditions some of the other species

also appear inconspicuous. Finally, H. mel-

pomene, H. numata and H. erato have very simi-

lar patterns of black spots on a white back-

ground; in H. ricini it is similar, but the ground

is yellow. It appears from the literature that H.
phyllis and H. charithonius also belong to this

spot-patterned group (Edwards, 1868-1897;

Bourquin, 1955).

During development, it is often possible to

trace similar pigment patterns in a number of

species, through the tendency of the dark pig-

ment to develop in three to five vertical bands

on each segment, at least partly in accordance

with the positions of the annules. Even the spots

of H. melpomene and those similarly pigmented

can be homologized with parts of the bands vis-

ible in, for example, D. iulia and P. dido. Again,

the development of the longitudinal bands in A.

vanillae may be clearly traced during the middle

instars to similar origins.

In any phylogenetic survey of this group, the

occurrence and development of color patterns

will assuredly prove a useful tool; it will com-
pare, perhaps, in value with the well-established

use of larval pigment patterns in helping to trace

affinities in many families of fishes.

Pupae. The pupae of the various species fall

more readily into homogeneous groups than do

the larvae. The pupae of D. juno and A. vanillae

resemble each other more closely than they do

those of other species, while D. phaetusa, D.

iulia and P. dido also resemble A. vanillae to

varying extents. D. phaetusa is equipped with

well-developed cephalic appendages which, in

that character, make it resemble H. sara, H.
erato and H. ricini.

All of the species referred, in the present

classification, to Heliconius are spinous and
equipped with enlarged flanges, except H. doris.

The latter, although sometimes furnished with

atypical spines, is in other respects altogether

aberrant.

H. isabella and H. aliphera resemble each

other very closely, and show little similarity to

any of the others in the group.

H. melpomene, H. numata and H. wallacei

form an exceedingly similar group, as do H.
erato, H. ricini and H. sara.

Imagos (PI. XVI). For comparison there is

listed below the general coloration of species in

the study which form similar pairs or groups.

These species include several of the most famous
examples given in support of the concept of

Mullerian mimicry.

I. D. iulia, D. juno, H. aliphera. Orange with

a few narrow black markings. A. vanillae is

less similar, being orange with black spots.
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2. A. vanillae, D. juno. Under surfaces of

wings spotted with silver as in the Argynninae.

3. H. numata and H. isabella. Primarily

brownish-orange, marked with yellow and black.

4. H. melpomene and H. erato. Black with

red forewing bands.

5. H. sara, H. wallacei and H. doris. Black,

with yellow spots on forewings and, on hind-

wings, blue ray-like markings or blue irides-

cence.

To conclude, when eggs, larvae and pupae
are all considered, the following groupings are

apparent:

1.

A. vanillae, D. phaetusa, D. iulia and P.

dido appear to form a very loosely knit group
having more in common with other nymphalid
groups, notably the Argynninae, than do mem-
bers of the genus Heliconius, excluding H. doris.

Within the group, P. dido seems most similar to

D. iulia and D. phaetusa to A. vanillae.

2. D. juno and H. doris both seem to be aber-

rant from the rest of the group. Their few simi-

larities to each other are probably not signifi-

cant.

3. H. isabella and H. aliphera are closely simi-

lar to each other and do not greatly resemble any
of the other species under consideration, al-

though they are clearly members of the sub-

family. In coloration, their imagos are very dif-

ferent from each other.

4. H. melpomene and H. numata are more
closely similar to each other than to any other

species, but also have much in common with

the larvae of H. erato and H. ricini, and with

the pupa of H. wallacei. The imagos show no
similarities in color.

5. H. sara and H. wallacei have similar eggs

and larvae, but their pupae do not greatly re-

semble each other, that of sara being close to

those of H. ricini and H. erato, while that of

wallacei is very similar to those of H. mel-

pomene and H. numata. In color, the imagos of

H. sara and H. wallacei are very similar.

It is hoped and expected that future studies,

particularly on the ethology of all stages, will

shed the next types of illumination needed for

clarifying the evolution of this outstanding

group of butterflies.

VII. Summary

External characteristics of the growth stages

are described and compared in 14 species of

Heliconiinae from Trinidad, West Indies. In the

egg stage, size, color and numbers of ridges have

diagnostic value. The colors and patterns of

living larvae form the most useful taxonomic

[45: 9

characters in this phase, and also seem to be of

importance in indicating relationships. In pre-

served larvae, the relative lengths of the scoli

and the shape of the head are of practical use.

Diagnostic characters of the highly varied pupae

include length and form of cephalic projections,

the development of tubercles and spines and the

occurrence of gold-colored spots. The life cycle,

from egg to eclosion, usually requires about four

weeks.

It seems apparent that the heliconiines devel-

oped radially and that the developmental stages

within species often evolved at different rates.

While the needed systematic revision of the

subfamily cannot be based solely on present

knowledge, it is expected that this contribution

will prove useful in future studies of other as-

pects of the group’s biology, including questions

of phylogeny.
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Eggs of heliconiine butterflies.

Fig. 1. Dione juno, cluster.

Fig. 2. Heliconius ricini, cluster.

Fig. 3. H. sara, cluster (laid atypically on tendril,

rather than as usual on tip of terminal

leaf bud).

Fig. 4. Agraulis vanillae.

Fig. 5. H. ricini.

Fig. 6. H. melpomene, lateral view.

Fig. 7. Same, dorsal view.

Fig. 8. Dryas iulia, lateral view.

Fig. 9. Same, dorsal view.

Fig. 10. H. isabella, lateral view.

Fig. 11. Same, dorsal view.

Plate II

First instars of heliconiine larvae.

Fig. 12. Dione juno, lateral view.

Fig. 13. Same, dorsal view.

Fig. 14. Dryas iulia, lateral view.

Fig. 15. Same, dorsal view.

Fig. 16. Agraulis vanillae, lateral view.

Fig. 17. Same, dorsal view.

Diameter of wire support in all figures: 2 mm.

Plate III

First instars of heliconiine larvae (contd).

Fig. 18. H. isabella, lateral view.

Fig. 19. Same, dorsal view.
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OF THE PLATES

Fig. 20. H. aliphera, lateral view.

Fig. 21. H. sara, lateral view.

Fig. 22. H. ricini, lateral view.

Fig. 23. Same, dorsal view.

Fig. 24. H. melpomene, lateral view.

Fig. 25. H. erato, lateral view.

Diameter of wire support: 2 mm.

Plate IV

Fifth instars of heliconiine larvae, lateral views.

Fig. 26. Agraulis vanillae (a pale individual; cf.

Text-fig. 11 A, B).

Fig. 27. Dryas iulia.

Fig. 28. Philaethria dido.

Fig. 29. Heliconius isabella. (Photographed on
Stick).

Fig. 30. H. aliphera.

Diameter of wire support: 2 mm.

Plate V
Fifth instars of heliconiine larvae, lateral views

(contd).

Fig. 31. Heliconius melpomene.

Fig. 32. H. erato.

Fig. 33. H. ricini.

Fig. 34. H. sara.

Diameter of wire support: 2 mm.

Plate VI

Growth stages of Dryas iulia, lateral views.

Fig. 35. First instar (same as PI. II, Fig. 14).
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Fig. 36. Second instar.

Fig. 37. Third instar.

Fig. 38. Fourth instar.

Fig. 39. Fifth instar (same as PI. IV, Fig. 27)

Diameter of wire support: 2 mm.

Fig. 71. Agraulis vanillae, dorsal view.

Fig. 72. Same, lateral view.

Fig. 73. Same, ventral view.

Fig. 74. Heliconius sara, lateral view.

Fig. 75. Same, dorsal view.

Plate VII
Growth stages of Heliconius ricini, lateral views.

Fig. 40. First instar (same as PI. Ill, Fig. 22).

Fig. 41. Second instar.

Fig. 42. Third instar.

Fig. 43. Fourth instar.

Fig. 44. Fifth instar (same as PI. V, Fig. 33).

Diameter of wire support: 2 mm.

Plate VIII

Growth stages and color variation in

heliconiine larvae.

Fig. 45. H. aliphera, lateral view, second instar.

Fig. 46. Same, third instar.

Fig. 47. Same, fourth instar, dark individual.

Fig. 48, Same, light individual.

Fig. 49. H. isabella, lateral view, second instar.

Fig. 50. Same, fourth instar.

Fig. 51. H. aliphera, dorsal view, fourth instar,

dark individual (as in Fig. 47).

Fig. 52. Same, pale individual (as in Fig. 48).

Diameter of wire support: 2 mm.

Plate IX
Fifth instars of heliconiine larvae, dorsal views.

Fig. 53. Agraulis vanillae.

Fig. 54. Dryas iulia.

Fig. 55. Philaethria dido.

Fig. 56. Heliconius aliphera.

Fig. 57. H. isabella.

Fig. 58. H. melpomene.

Fig. 59. H. erato.

Fig. 60. H. ricini.

Fig. 61. H. sara.

Diameter of wire support: 2 mm.

Plate X
Fifth instars of heliconiine larvae,

frontal views of heads.

Fig. 62. Agraulis vanillae.

Fig. 63. Dryas iulia.

Fig. 64. Heliconius isabella.

Fig. 65. H. aliphera.

Plate XI
Fifth instars of heliconiine larvae,

frontal views of heads (contd).

Fig. 66. Heliconius melpomene.

Fig. 67. H. erato.

Fig. 68. H. ricini.

Fig. 69. H. sara.

Plate XII
Heliconiine pupae.

Fig. 70. Dryas iulia, lateral view.

Fig. 76.

Fig. 77,

Fig. 78.

Fig. 79.

Fig. 80.

Fig. 81.

Fig. 82.

Fig. 83.

Fig. 84.

Fig. 85.

Fig. 86.

Fig. 87.

Fig. 88.

Fig. 89.

Fig. 90.

Fig. 91.

Fig. 92.

Fig. 93.

Fig. 94.

Fig. 95.
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Plate XIII

Heliconiine pupae (contd).

Heliconius melpomene, lateral view.

Same, dorsal view.

H. aliphera, lateral view.

Same, dorsal view.

H. isabella, lateral view.

Same, dorsal view.

Plate XIV
Heliconiine pupae (contd).

Dione juno, lateral view.

Same, dorsal view.

Dryas iulia, lateral view.

Same, dorsal view.

Heliconius doris, lateral view.

Same, dorsal view.

H. aliphera, lateral view.

Same dorsal view.

Plate XV
Heliconiine pupae (contd).

Heliconius numata, lateral view.

Same, dorsal view.

H. wallacei, lateral view.

Same, dorsal view.

H. erato, lateral view.

Same, dorsal view.

H. ricini, lateral view.

Same, dorsal view.

Plate XVI
Imagos of Heliconiinae from Trinidad. All the

species are illustrated in color in Seitz: Macrolepi-

doptera of the World; the American Rhopalocera,

Vol. V, Plates ( 1924). For general remarks on ima-

ginal color, see p. 151 of the present paper.

Fig. 98. Dione juno.

Fig. 99. Agraulis vanillae.

Fig. 100. Dryadula phaetusa.

Fig. 101. Dryas iulia.

Fig. 102. Philaethria dido.

Fig. 103. Heliconius isabella.

Fig. 104. Heliconius aliphera.

Fig. 105. Heliconius melpomene.

Fig. 106. Heliconius numata.

Fig. 107. Heliconius erato.

Fig. 108. Heliconius ricini.

Fig. 109. Heliconius sara.

Fig. 110. Heliconius wallacei.

Fig. 111. Heliconius doris
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Design for a Fry Trap

C. M. Breder, Jr.

American Museum of Natural History, New York

(Plates I-IV; Text-figure 1)

Introduction

T he trap described in this paper was de-

signed to catch fry and slightly larger

fishes. It owes much to experience with

the small, plastic, funnel traps generally used by

aquarists, and perhaps more to discussions with

Dr. Robert W. Harrington, Jr., of the Entomolo-

gical Research Center, State Board of Health

of Florida, who was faced by problems similar

to our own.

Requirements of the trap were:

1.

Must be capable of fishing on the bottom,

the surface or at any desired intermediate level.

2.

Must permit the transfer of trapped fish to

an aquarium or preservative without removal

from water or contact with any solid surface.

3.

Must be made entirely of non-metallic

materials.

4.

Must permit the size of the entrance to be

changed, so as to variously limit the sizes of

organisms admitted.

5.

Must make operation by one man, working

from shore, a dock or a small boat, easily pos-

sible.

6.

Must be so constructed as to be readily

modified or repaired under field conditions.

Item 1 makes possible a full vertical range of

comparative fishing. Since many larval fishes are

exceedingly sensitive to handling, even in a very

fine net, item 2 proved to be important. It per-

mitted, for instance, the rearing in aquaria of a

wide variety of larval and post-larval fishes

which otherwise would have been impossible.

The use of non-metals throughout (item 3 ) elim-

inated the possibility of repulsion by incident

electrolysis and avoided corrosion problems in-

herent in immersion. Adjustment of the size of
the trap entrance (item 4) greatly restricted

damage to the desired fishes by the entry of

larger and predatory fishes and invertebrates.

Items 5 and 6 are clearly matters of practicality.

Design and Construction

The body of the trap consists of two separable

parts, both made entirely of transparent plastic.

The vinyl chloride-acetate copolymer, sold under

the trade name “Plexiglas,” was used for these,

but any equivalent, chemically similar plastic

no doubt would be suitable. The pieces were

cemented together with Duco Cement Since this

is a solvent for the plastic used, the two pieces

became bonded together in what amounted to

a very strong weld. The numbers and dimen-

sions of the pieces of plastic used in the two parts

of this trap are given in the Bill of Materials,

and the appearance of the finished parts is

shown in Plate I, Fig. 1 , with the two parts both

separate and together. The construction is so

obvious that fully detailed drawings are not nec-

essary. The side pieces of the box-shaped part

are adjusted so that they fit on the 6" X 6" bot-

tom piece as a perfect square. In making this box

it is critical to have the adjacent sides at exact

right angles to each other. This is most easily

done by making an accurate square jig of four

wood strips, about 6" XI" X Vi", nailed to

the top of a bench or board. One of these should

be readily removable. The freshly cemented
pieces may be positioned while the cement is

hardening. It is easier to cement two at a time,

rather than to try to cement all four at once.

The form of the jig is unimportant as long as

it maintains the required right angles, but its

use is important if several traps are being built

serially, for it is highly desirable that the accu-

racy of these parts permits interchangeability.

After the box is formed, a strengthening rim of

155
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small strips is placed around the open end and

a few holes are drilled near the top at both cor-

ners of one side. These features are evident in

Plate I, where the holes are most clearly seen

on the right face of the right hand box as three

white dots in each of the two upper corners of

that face. When this has been completed, a

small fillet of cement should be run around all

joints of sides and bottom on the inside of the

box, to strengthen it and insure a non-leaking

box. Properly made, these boxes may be lifted

by one top edge when full of water, with no

danger of damage. They may, in fact, be used

as temporary aquaria for transporting the con-

tents if they are not too crowded. A lug, for

securing a rubber band, is cemented to each

of the two apposing sides. It is made of a short

and a long piece of the strips used for the lip

of the box, the shorter being underneath. These

are seen clearly in Plate I, Fig. 1. Their exact

position is not critical. It may be found con-

venient to use a longer piece for the top part

of the lug so that it overreaches the smaller

under-piece at each end instead of only at the

rear end.

The other part of the body of the trap, the

“funnel,” is similarly made. The triangular piece

is isosceles, with the base 5Vi" and the altitude

5". The two side pieces are 5V&" wide so that

the “funnel” will slip inside the box, which

has that interior dimension. The triangles there-

fore are cemented to the inside surfaces of these

pieces so that the whole part presents a plane

surface 5%" from top to bottom. The entering

slit is filed so that if brought together along

the triangles they would meet in a line parallel

to the sides of the boxes. If these angles are

cut by machine or other device with a protractor

scale, a setting of 29° will be accurate enough

for all practical purpose. This detail is shown
in Text-fig. 1. The width of the entering slit,

S in Text-fig. 1, is determined by sliding the

sides back and forth along the triangles. The
largest-sized slit we have used measures lA "

and will take moderately-sized Gambusia and

Mollienesia as well as fairly large prawns and
small crabs. The smallest size we have used,

3/32", will not take the above but will take

post-larval Brevoortia, new-born Gambusia and
Mollienesia, and small, transforming eels. The
only crustaceans that have entered the latter

trap are tiny prawns and small gammarid
amphipods. It is noteworthy that usually these

smaller animals do not appear in traps with the

larger slits. The funnels are most easily formed

with a jig somewhat similar to that described

for the box part, but with wood strips at the

angles determined by the triangular pieces of

plastic. After the funnels have been formed,
j

they should be strengthened with two long

strips on their inner surfaces, L in Text-fig. 1,

and a transverse one at the two extremes, most

clearly seen in the upper left of Plate I, outer

ends. Another transverse piece is cemented to

each side, T in Text-fig. 1, so positioned as to

fit snugly against the mouth of the box when
the funnel is inserted as seen to the left in Plate

I. This is most easily accomplished by placing

the funnel in its proper place in the mouth
of the box and then cementing these two in

place, which guarantees that the fit will be

properly snug. A good fit is important because

it forms the seal between the two parts and
prevents the fishes from “leaking out” at that

point.

This completes the plastic construction work.

For accuracy, the plastic 1/16" thick should be

cut by the supplier unless one has access to a

suitable power saw. The strips Va" X Vfc" may
be obtained in lengths and cut to size by hack
saw. Small variations in them have no bearing

on the fitting of the traps.

Good rubber bands, No. 64, 3V£" X V4",

are used in several places. Two are seen in

Plate I, holding the two parts of the trap together.

In service, two are normally used on each side.

The bands were found to last about a month
under continual service in warm sea water.

Rubber bands are used also for securing the

trap to the tail stake, as shown in Plate II, Fig.

3, and Plate IV, Fig. 6. Here three or four are

made into a chain, the two end ones being

slipped over the forward ends of the two lugs.

To prevent abrasion of the rubber bands, sharp

edges of the plastic should be slightly rounded
by a fine file. The rubber bands attached to the

tail stake should be slipped over the lugs first

so that the funnel may be removed without

interfering with the tail stake attachment.

Wings of Seran mosquito netting may be as

long as necessary. Those shown in the Plates

are strips 6" wide and 6' long. They roll up
conveniently when not in use and are sewn
to the plastic part of the trap with nylon cord.

At each outer end, a 6" piece of the Va
" X Vfc

"

plastic strip is sewn to act as a spreader. For

anchoring the bottom-fishing form, a light cord

runs from the spreader to a stake (Plate II,

Fig. 3).

Seran screen wings sink in sea water and do

not require weights to keep them down. To keep

the “cork line” up, floats were made of Styro-

foam, a very light plastic filled with minute

air cells, which is easily cut and does not become

water-logged.
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Text-fig. 1. Detail of construction of entrance funnel.

A. Plan view of funnel mouth, set at an opening one-quarter inch wide. F = Edge of side of

funnel; I = Isosceles triangle forming top, or bottom of funnel; L = Longitudinal strengthening

strips; S = Slit, forming entrance to trap; T = Transverse strip to fit against mouth of box.

B. Enlarged detail of the angle to be filed on the side pieces. It equals one-half the apex angles

of the top and bottom triangular pieces.

For surface-fishing, two pieces of Styrofoam,

1" X 2" XI 2", will easily float the trap itself,

while the wings are supported by smaller pieces

sewn along the top edges of the screen (Plate

III, Fig. 4). The traps may be attached to a

dock or other suitable place by the lines from the

wings and, when faced into a tidal flow, will

ride nicely with the water force holding them
in proper place. These positions must be changed

with the change of tide. If this is inconvenient

the trap may be anchored to a third place as

shown in Plate IV, Fig. 6. Also, the wings may
be bridled off as shown in Plate IV, Fig. 7, with

a single line for attachment at that end.

When fishing in mid-water, the traps may be

set as when fishing at the surface except that

each float is connected by a light line of uniform

and appropriate length to the trap or wings
(Plate III, Fig. 5). It should be noted that the

surface fish trap shown in Plate III, Fig. 4, has

the two pieces of Styrofoam attached to the

top of the trap, while the traps shown in Plate

IV have their floats attached to the sides flush

with the top. In the first instance, the trap floats

a little lower, which prevents the entrapment

of air when there is some wave movement. This

arrangement is not necessary in quiet situations,

such as shown in Plate IV; in the latter, floats

are placed at the sides so that the contents of

the trap are visible at all times.

Use of Trap

Protection of small fishes from injury at the

time of removing them is simple. It is usually

possible to see whether there are fish in the trap

before any attempt is made to lift it. In any

case, the contents are always visible as soon

as the trap is being lifted. The procedure is to

release the tie line, if any, to the trap itself,

but to leave the wing lines attached to their
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Bill of Materials

The following list of materials is the amount required to construct one trap.

No. of

Pieces Materials and Dimensions Remarks

Clear Plastic (Plexiglas

)

Ha" Thick

2 12" X 6" Opposite sides of box.
2 12" X 5V&" Remaining sides of box.
1 6" X 6" Bottom of box.
2 12" X 5%" Sides of funnel.

2 Base 5V2 ", Altitude 5" Isosceles triangles for funnel.

Clear Plastic Strips (Plexiglas) Vs" Thick X ¥4" Wide
2 6" long Opposite lips of box (sides of

5 7/s" width).
2 614" long Remaining lips of box.
2 3A " long Under parts of lugs.

2 1" long Upper parts of lugs.

4 5%" Cross braces on funnel.

4 \l 3A” long Longitudinal braces on fun-

nel.

2 6" long On end of screen wings.

Cement

1 tube Duco cement (or equal) For construction of plastic

trap.

Styrofoam for Floats

4 or more 6" X 1" X 1" For wings.

2 12" X 2" X 1" For plastic trap.

Wooden Stakes

3 2' or more in length Old broom handles are sat-

isfactory.

Seran Screening

2 6' X 6" or longer Cut edges bound with Duco
cement.

Rubber Bands

9 or more No. 64, 3X2 " X 1/4 " Provide some spares for re-

placements.

Strong Cord

2 6' or more To secure wings to stakes or

other.

9 T or more To float complete trap below

surface.

support. Thus the entire plastic trap may be

tilted up so that the 6" X 6" piece, called the

bottom in the design plans, becomes the bottom
in fact and the trap rests in the position shown
at the left in Plate I, Fig. 1. In this position,

some of the water drains out of the small holes

provided in part for this purpose. While the

water drains, the rubber bands should be slipped

off the lugs on the box sides and the entire

funnel lifted out. The box is then free from
the rest of the trap and the fishes are, for all

practical purposes, swimming in a small aquar-

ium. Here they may rest while the trap is reset

with another identical box. The fishes may be

released in an aquarium, or killing and fixing

agents may be added to the plastic box, as

desired. In resetting, the trap should be sub-

merged with the bottom end low so that en-

trapped air escapes through the small holes in

the upper end.

There is no especial merit in the precise di-

mensions specified for this trap, but it should be

borne in mind that the larger it is, the less

handy it becomes, and if the weight of water

relative to the strength of the box exceeds some
critical value, it may burst on handling.
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Thus far, the traps have not been baited and
captures resulted from the spontaneous move-
ments of the fishes themselves, since trapping

was part of a preliminary survey of the move-
ments of fishes in response to the naturally

occurring changes in their environment. For
other purposes, the traps could be baited, or

electrodes might be used to direct fishes into

them.

On the Florida Gulf coast where these traps

were used, it was found that when one trap

was placed a short distance “behind” another

it almost never caught any fishes, which we
took as a measure of efficiency. Visual observa-

tions indicated that when the traps caught no
fishes, the latter were simply not moving about

very much, and that empty traps were associated

closely with rough water or low temperature

when no fishes could be seen in their neighbor-

hood. Mid-water traps caught much less than

either surface or bottom traps under our con-

ditions, seemingly indicating that the fishes

tended strongly to hug the surface or the bottom
—which was in agreement with visual observa-

tions.

The trap set as shown in Plate II, Fig. 3,

caught principally young Lagodon rhomboides,

Menticirrhus saxatilis, Gobiosoma robustum
and Mugil curema. The floating trap shown in

Plate III, Fig. 4, although catching very few

individuals, contained L. rhomboides, Strong-

ylura notata and M. curema. The mid-water

trap (Plate III, Fig. 5) took only a few L.

rhomboides. The two traps in Plate IV, set in

more confined waters, showed a rather interest-

ing difference in their contents. The leaders

of the trap in Fig. 6 came close to the shore

line. Its contents were almost entirely small

Gambusia and Mollienesia. The trap shown in

Fig. 7 rarely contained either of the above but

caught small Mugil curema and post-larval

Brevoortia. Since the two poeciliids normally

hug the shore line closely, they evidently pass

around the leader ends unless they nearly reach

the shore. Just how the less shore-bound Mugil

and Brevoortia avoid the trap only when it is

in a position suitable for catching Gambusia is

less easily surmised. The three sites shown, a

bay shore, the end of a 100-foot dock and a

small inlet, are scarcely more than 100 feet

from one another. It is evident, that the precise

setting of the trap, as well as the size of its

aperture, can greatly influence the type of fishes

it will catch.

No attempt was made to study in detail the

differential catching of invertebrates, but then-

variety was equivalent to that of the fishes.

When left on land, the traps also caught insects

and isopods. It is probable that they will be

found useful for a variety of purposes other than

those for which they were developed.
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Fio.

Fig.

Fig. 3

EXPLANATION OF THE PLATES

Plate 1

The two parts of the fry trap, shown as Fig.

the “box” and “funnel” separately and
together, held by the retaining rubber Fig.
bands.

Plate II

Three complete traps with their screen

wings attached and ready for setting. Fig.

A trap fishing on the bottom between

tides, held open by three stakes. Fig.

Plate III

4. A floating trap fishing from a dock and
held out by tidal flow.

5. A trap fishing below the surface in mid-

water, suspended from the surface by

means of floats.

Plate IV

6. A floating trap with three-point anchorage,

independent of tidal flow.

7. A floating trap, so bridled with a spreader

as to require a head and tail stake only.

The latter is on the left bank just out of

the picture.
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Tumors of the Thyroid Gland in Teleost Fishes 1

Pamela A. Mac Intyre

Genetics Laboratory of the New York Aquarium,

New York Zoological Society

(Plates I & II)

TUMORS of the thyroid gland have been

investigated more thoroughly than most

other types of teleostean tumors, princi-

pally because of the economic value of many
of the fishes involved and the similarities to

goitrous conditions in man. The genetic and
environmental bases for atypical thyroid growth

in fishes are still not fully understood, however.

The study of this condition also may throw light

on the elusive problem of the normal functions

of the fish thyroid. Since 1948, thyroid tumors

have been under study in poeciliid fishes main-

tained in the Genetics Laboratory of the New
York Aquarium. Recently we had the oppor-

tunity to study, in Girardinus falcatus and
Xiphophorus variatus variatus, thyroid tumors

that exhibited some characteristics different

from the ones reported in other poeciliids. As
part of this study, all known cases of thyroid

tumors in teleosts were reviewed, with special

reference to the influences of heredity and
environment.

Atypical Thyroid Growths in

Girardinus falcatus

When several Girardinus falcatus2 from a

stock kept at the John G. Shedd Aquarium in

Chicago were received in the Genetics Labor-
atory in 1957, their gill regions were seen to be

markedly swollen. Two immature females,

measuring 18 mm. in standard length, were se-

lected for histological study. The remaining fish

1This work was supported by a grant, C-297, from the

National Cancer Institute to the late Dr. Myron Gordon
and was aided by the laboratory facilities of the Ameri-

can Museum of Natural History, New York 24, New
York.

2Formerly classified in the genus Glaridichthys (Rosen
& Bailey, 1959).

were placed in a five-gallon aquarium, the water

of which was supplemented with several drops

of potassium iodide. Within a month the external

swellings had disappeared. About four months

later, one of these live-bearing fish produced a

brood which was reared in iodine-enriched

water. Two of the offspring, an immature male

and an immature female, were sacrificed when
18 mm. long for the purpose of comparing their

thyroidal tissues with those of the two fish with

indications of thyroid hyperplasia. The fish were

fixed in Bouin’s fluid, decalcified in formic acid,

embedded in paraffin and serially sectioned at

10 microns. Staining was with Masson’s tri-

chrome.

Microscopic Appearance of Normal Thyroid

Tissue

The thyroid tissue consisted of isolated folli-

cles located mainly around the ventral aorta,

especially at the bases of the aortic arches (Fig.

1). In any single cross-section, no more than

ten follicles were present. The follicles extended

anteriorly in the floor of the mouth slightly an-

terior to the first aortic arch, at the level of the

posterior part of the lens of the eye. Posteriorly,

they extended around the ventral aorta to a level

slightly anterior to the auricle. No follicles were

found in the gills. The follicles ranged from 10

to 80 microns in diameter. They contained

dense homogeneous colloid that stained bright

red or, in certain follicles, purple with Masson’s

trichrome. The cuboidal epithelial cells forming

the follicles were 2 to 6 microns in height; their

nuclei were oval, with a single nucleolus.

Microscopic Appearance of Hyperplastic Thy-

roid Tissue

The thyroid follicles were greatly increased,

both in number and size. A typical cross-section

through the pharyngeal region contained several

161
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hundred follicles (Fig. 2) . The follicles extended

anteriorly along the floor of the mouth well in

front of the first aortic arch. Posteriorly, they

extended along the floor of the pharynx and
around the ventral aorta and inferior jugular

veins to the auricle. Dorsally, the enlarged

tongue consisted almost entirely of thyroid tis-

sue. Ventrally, the follicles had spread through

the muscular mass of the lower jaw and between

the elements of the visceral skeleton. Laterally,

they had spread into the gills, often to the tips of

the gill filaments (Fig. 3). No heterotopic thy-

roid tissue was present in the kidneys or else-

where in the body.

The follicles often appeared to follow the

course of blood vessels, but no evidence of inva-

sion of the walls of these vessels or of pro-

nounced pressure on these vessels was seen. The
proliferating thyroid tissue had, however, caused

the gill epithelium to pull away from its vascular

and skeletal elements at some points; the involved

secondary gill filaments were enlarged and

showed evidence of various degrees of pressure

against one another. Some of the anterior bran-

chial epithelium was replaced by thyroid tissue,

and respiration probably had been considerably

impaired. Some of the deep musculature of the

lower jaw had apparently degenerated. Bone and
cartilage were essentially normal.

Most of the thyroid tissue was arranged in fol-

licles. There was great variation in follicle size—

from 10 to 300 microns in diameter. The lumen

in most cases was filled with dense homogeneous
colloid that stained bright red with Masson’s

trichrome or, in certain follicles, purple. In some
cases the lumen was filled with granular colloid

that stained gray. Other follicles contained no

colloid. The epithelial cells forming the follicles

were mostly cuboidal (some were low co-

lumnar) and ranged from 3 to 8 microns in

height. The nuclei were oval, with a single

nucleolus (Fig. 4). Some afollicular thyroid

cells were present. No mitoses were found. The
growth was highly vascularized.

Girardinin Iodine Requirements

The second generation offspring produced by

some of the original fish obtained from the

Shedd Aquarium were reared in the Genetics

Laboratory in relatively iodine-poor water. In

the same water (aquarium water in which, over

a period of several years, evaporation loss had

been made up by the addition of distilled water,

rather than tap water) members of certain

strains of Xiphophorus maculatus had developed

thyroid tumors both in the pharyngeal area and

in the kidney. None of the girardinins, however,

developed any external evidence of abnormal

thyroid growth. Histological examination of two

20-mm. fish showed normal thyroid tissue. From
this it appears that the iodine requirement of

girardinins is not as high as that of platyfish. If

this is correct, it is probable that the water in

aquaria in the Shedd Aquarium was extremely

low in iodine. Despite their hyperplastic thyroid

tissue, these Girardinus have been maintained

for many generations at the Shedd Aquarium.

Thyroid Tumor in

Xiphophorus variatus variatus

The specimen was an adult male Xiphophorus

variatus variatus from the first laboratory-reared

generation of fish collected in 1957 from the

Rio Necaxa, Mexico. Of 8 fish reared together

in the same tank, this was the only one with a

visible thyroid tumor. Its standard length was

35 mm. Externally the entire body was swollen.

The specimen was fixed in Bouin’s fluid, decalci-

fied in formic acid, embedded in parafl&n and

serially sectioned at 10 microns. Staining was
with Harris’ hematoxylin and eosin.

Microscopic Appearance

The pharyngeal thyroid was markedly hyper-

plastic. The thyroid tissue had spread anteriorly

along the floor of the mouth well in front of the

first aortic arch, posteriorly around the ventral

aorta, and laterally into the bases of the gills.

It consisted of follicles of varying sizes and of

afollicular tissue (Fig. 5). A number of the

follicles were filled with eosinophilic colloid,

which often was vacuolated. The thyroid cells

were hypertrophied; some contained eosino-

philic droplets at the end distal to the lumen.

Large quantities of thyroid tissue were found

in the spleen and in the body cavity among the

pancreatic tissue and intestines. The spleen was
no longer a discrete organ, its walls being pene-

trated by thyroid tissue, and only a small amount
of normal splenic tissue could be found. The
other body organs appeared normal, despite the

large amount of thyroid tissue in the body cavity.

There is a possibility that the thyroid tissue had
first been located in the spleen and later burst

into the body cavity. No thyroid tissue was found
in the kidney. The distribution of thyroid tissue

in this specimen differs markedly from that in

X. maculatus, in which heterotopic tissue appears

first, and is most abundant, in the kidney, is

frequently located in the spleen, but has not been

found in the body cavity (Baker, 1958a).

The thyroid tissue in the spleen and body

cavity generally consisted of follicles of varying

sizes, some very large (Fig 6) . Most of the folli-

cles contained a scant amount of eosinophilic

colloid. The cells forming the follicles ranged

from cuboidal in the larger follicles to high co-
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lumnar in the smaller ones; most of them con-
tained eosinophilic droplets at the end distal to

the lumen (Fig. 7).

Discussion

Tumors of the thyroid gland have been re-

ported in more than 40 species of teleosts. The
first report was by Bonnet in 1883; the most re-

cent comprehensive review of the literature was
by Schlumberger & Lucke in 1948.

It is often difficult to distinguish between a

simple goitrous response to environmental con-
ditions and a malignant growth, even in animals
where the thyroid is encapsulated (Willis,

1953). It is especially difficult in teleost fishes,

where the thyroid tissue is generally not encap-
sulated. Hyperplastic thyroid tissue in fish can
readily invade surrounding tissue and also mi-
grate to the kidney and other body organs
(Baker 1958a, 1958b, 1959; Baker-Cohen,
1959), causing death of the animal by pressure
on the gills and body organs. Histologically, it

is often not possible in fishes (Lucke & Schlum-
berger, 1949) or in other vertebrates (Willis,

1953) to distinguish between a simple hyper-
plastic condition, a non - malignant tumor
(adenoma), and a true neoplasm (adenocarci-
noma) . Most thyroid tumors in fish regress when
the animal is treated with iodine and thus should
be classified as goiters; however, some of these

growths do become malignant, although there

are differences of opinion among investigators

as to how frequently this occurs (Lucke &
Schlumberger, 1949). There is general agree-

ment that, in all vertebrates, goiter predisposes

to and usually precedes adenoma and adenocar-
cinoma (Willis, 1953; Crile, 1958). Schlum-
berger (1955) stated that “cancer of the thyroid

occurs under the same conditions and in the

same animal species as does thyroid hyperplasia
and goiter.” In the present paper, all spontaneous
thyroidal growths that appear to be atypical and
not normal physiological fluctuations are con-
sidered.

Thyroid Tumors in Nature
The records for most types of fish tumors show

that the majority have been obtained from speci-

mens that were living in their natural habitat

(Lucke & Schlumberger, 1949) . Thyroid tumors
form a notable exception, being relatively rare in

nature. They have been reported in only 1 2 spe-

cies (Table I), and most of these are represented
by a single tumorous individual. Many are asso-

ciated with low iodine conditions. The longear
sunfish came from the Scioto River, Ohio, which
has an iodine content of only .21 /ig per kg/wa-
ter, as compared with .83 fig in the Mississippi

River (Schlumberger, 1955). The brook trout

and whitefish from New York and the Atlantic

salmon from Maine reported by Gaylord &
Marsh (1914) came from waters in populated

regions and possibly had been planted from
hatcheries, which at that time did not supple-

ment their diets with iodine.

In the Great Lakes area, a well-known goiter

belt, Marine & Lenhart (1910a) found goiters

in fishes from four families. Robertson &
Chaney (1953) reported marked thyroid hyper-

plasia in rainbow trout inhabiting this area, with

the exception of some fish that had access to

additional iodine discharged from the holding

ponds of a nearby hatchery. These authors also

studied the same species in coastal streams of

California and found no evidence of hyper-

plasia.

Takahashi (1934) examined 100,000 marine

fishes and found 154 tumors, none involving the

thyroid. This may be considered typical, for,

despite the great numbers of marine teleosts

taken for food and among which tumors of all

types have been recorded, thyroid tumors have

been found in only two specimens—a cutlass fish

and a bogue. These, however, are sufficient to

indicate that factors other than iodine deficiency

may be operative in thyroid hyperplasia.

Spontaneous Thyroid Tumors in Captivity

The great majority of fishes with thyroid

tumors have been found in hatcheries, public

aquariums and research laboratories (Table II).

Among conditions that may occur in captivity,

the following have been suggested as agents in-

ducing thyroid hyperplasia: iodine deficiency

(Marine & Lenhart, 1910b; many other investi-

gators), low oxygen tension (Duerst, 1941),

changes in light intensity (Rasquin & Rosen-

bloom, 1954), decreased salinity (Olivereau,

1948), altered calcium-magnesium ratio (Ni-

grelli, 1952), increased activity forced on captive

fish by tankmates (Nigrelli, 1952), an infectious

agent (Gaylord & Marsh, 1914). Of these fac-

tors, iodine has received the greatest emphasis.

The concentration of iodine in aquaria some-
times becomes quite low because of extraction

by algae, snails and fishes (Berg, Gordon &
Gorbman, 1954). Most thyroid tumors in tele-

osts can be prevented or induced to regress by
adding iodine to the water; for example, Pick-

ford (1953) reported that thyroid hyperplasia in

Fundulus maintained in sea water can be pre-

vented by the addition of iodine. Presumably,
the lack of iodine leads to a deficiency of thyrox-

ine in the blood, which in turn results in an
increased secretion of thyrotropin (TSH) by the

pituitary gland, which causes hyperplasia of the

thyroid gland (Pickford, 1957). Similarly, de-

creased oxygen tension or a stress factor may
place an increased demand upon the thyroid and
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lead to hyperplasia. The addition of iodine may
not only compensate for a deficiency in the en-

vironment but may, by making possible an in-

creased production of thyroxine, counteract fac-

tors such as low oxygen tension.

Hereditary Differences in Susceptibility to Spon-
taneous Thyroid Tumors

That heredity influences the thyroid tumors of

fishes seems well established. Under identical

environmental conditions, certain species and
strains show considerably greater susceptibility

to these atypical growths than do others. In their

extensive study of salmonoid fishes in hatcheries,

Gaylord & Marsh (1914) stated that certain

species, as well as certain lots among susceptible

species, showed a high degree of immunity. The
brown and rainbow trout at one hatchery devel-

oped into resistant strains during a 25-year per-

iod. Hybrids of brook trout with landlocked

salmon and sunapee trout were similar to the

parental strains; Oncorhynchus hybrids, how-
ever, generally showed much more susceptibility

to thyroid disease than either parental strain.

Marine & Lenhart (1910a) reported that the

lake pike and white bass in Lake Erie were “very

commonly” found with goiters, but the lake

herring and sheepshead rarely, and the carp

never.

Of 400 species of small, tropical freshwater

fishes under observation in the New York
Aquarium from 1931 to 1936, only two, Ras-

bora lateristriata and Heterandria formosa, were

found with thyroid tumors (Smith & Coates,

1937). At the Fairmount Park Aquarium in

Philadelphia, where Schlumberger & Lucke

(1948) found thyroid tumors in several shark

suckers, no thyroid tumors were found in other

marine fishes kept under identical conditions, or

Table I. Thyroid Tumors in Teleosts in Nature

Species1

Family Clupeidae

Landlocked Alewife, Pomolobus pseudoharengus (Great Lakes,

U.S.A.)

Lake Herring, ?Pomolobus pseudoharengus (Lake Erie, U.S.A.)

Family Salmonidae

Atlantic Salmon, Salmo salar (Sebago Lake, Maine, U.S.A.)

Brown Trout, Salmo trutta (Moon Lake, Austria)

Trout, ?Salmo trutta (streams in Bavaria)

Rainbow Trout, Salmo gairdneri (Naini Tal, India; Great Lakes
area, U.S.A.)

Brook Trout, Salvelinus fontinalis (Hosmer’s Creek, New York,

U.S.A.; Algonquin National Park, Ontario, Canada)

Family Coregonidae

Lake Whitefish, Coregonus clupeaformis (Lake Keuka. New
York, U.S.A.)

Family Esocidae

Lake Pike, lEsox lucius (Lake Erie, U.S.A.)

Family Trichiuridae

Cutlass Fish, Trichiurus lepturus (off the south coast of

Portugal)

Family Serranidae

White Bass, ILepibema chrysops (Lake Erie, U.S.A.)

Family Sparidae

Bogue, Box boops (trawled near Trevose, England)

Family Centrarchidae

Longear Sunfish, Lepomis megalotis (Scioto River, Ohio, U.S.A.)

Family Sciaenidae

Sheepshead, 1A plodinotus grunniens (Lake Erie, U.S.A.)

Reference

Hoar (1952)

Marine & Lenhart (1910a)

Gaylord & Marsh (1914)

Hofer (1904)
Plehn, in Gaylord & Marsh (1914)

Southwell (1915), Robertson &
Chaney (1953)

Gaylord & Marsh (1914)

Gaylord & Marsh (1914)

Marine & Lenhart (1910a)

Pinto (1958 )

Marine & Lenhart (1910a)

Johnstone (1923)

Schlumberger (1955)

Marine & Lenhart (1910a)

Scientific and popular names are those in present usage. Scientific names preceded by a question mark have been
inferred from the popular name, which was the only one given and which is not necessarily the one used most
widely today.
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in any of the freshwater fishes, during the same
12-year period. The goldfish ( Carassius auratus)

exhibits many types of tumors, but only one
thyroid tumor has ever been reported in this

frequently studied species (Nigrelli, 1954).

In the Genetics Laboratory of the New York
Aquarium, where various fishes of the genus

Xiphophorus have been maintained in water of

low iodine content, tumors have been commonly
observed in X. montezumae cortezi, X. pygmaeus
pygmaeus and in most strains of X maculatus.

Such tumors have been rare in X. variatus vari-

atus and X. variatus xiphidium and have never

been observed in X. couchianus, three subspecies

of X. helleri, and one strain of X. maculatus. The
latter is our strain “30,” which has been inbred

brother-to-sister for 29 generations; its ability to

live in low-iodine water with no perceptible diffi-

culty may well have been selected for during the

15 years of its existence before iodine supple-

ments to aquarium water became routine in the

Laboratory. The pattern of tumor development

also varies among the species. In X. maculatus

the thyroid in the throat area is moderately hy-

perplastic, but extensive tumors appear in het-

erotopic locations such as the kidney and spleen.

In X. montezumae cortezi there are large tumors
in the throat, but heterotopic tumors are very

rare (Baker, 1959).

Berg, Edgar & Gordon (1953), who studied

the differences in thyroid tumors between two
strains of X. montezumae cortezi, suggested that

the enhanced tumor development in the more
inbred strain was the result of an increasing

homozygosity of multiple factors. Baker ( 1958a)

made crosses between resistant and susceptible

strains of X. maculatus; she came to the provi-

sional conclusion that multiple genetic factors

were involved and that the factors promoting
tumor development had some degree of domi-
nance. Additional crosses are now being made
in the Genetics Laboratory to study the genetics

of susceptibility to thyroid tumors.

Experimentally-induced Thyroid Tumors

Observations of spontaneous tumors are par-

alleled by experimental studies. Pickford (1957)
summarized the effects of anti-thyroid drugs on
23 species of marine and freshwater teleosts. In

the marine forms, there was generally a lower

degree of reactive hyperplasia than in the fresh-

water ones. Anti-thyroid drugs had little or no
effect on the thyroid of the goldfish; as noted
above, spontaneous thyroid tumors appear to be
very rare in this species.

Physiological Genetics of Thyroid Tumors

The physiological mechanisms by which gene-

tic differences operate remain to be elucidated.

Undoubtedly, fishes differ in their iodine require-

ments or metabolic needs for iodine. Berg, Gor-
don & Gorbman (1954) pointed out that a con-

centration of 2.3 /xg/liter of iodine was sufficient

to prevent tumor formation in X. montezumae
cortezi, whereas in rainbow trout, a species in

which many thyroid epidemics have been re-

ported, at least 5 /xg/liter was necessary, accord-

ing to the data of Robertson & Chaney (1953).

Our studies indicate that G. falcatus has a low

iodine requirement.

Iodine requirements are presumably closely

related to thyroid function. The thyroid gland

may play a more active role in certain fishes than

in others. Unfortunately, little is definitely

known about the functions of the piscine thyroid

(Pickford, 1957; Gorbman, 1959; Harris, 1959).

If the thyroid plays a role in such processes as

osmoregulation, temperature regulation or sex-

ual maturation, the iodine requirements—and
therefore, we assume, susceptibility to thyroid

hyperplasia—would differ according to the ecol-

ogy of a fish and would also vary during its

ontogeny. At the time of reproduction, thyroid

hyperplasia occurs in some landlocked species

in the Great Lakes area, e.g., the alewife (Hoar,

1952) and the rainbow trout (Robertson &
Chaney, 1953)—a condition not found in their

marine counterparts. It does not, however, occur

in the landlocked smelt, Osmerus mordax (Hoar,

1952) . Pink and chum salmon fry when retained

in fresh water beyond the time of their usual

migration to the sea developed hyperplastic thy-

roids( Hoar & Bell, 1950), which Hoar (1959)
interpreted as due partially or wholly to a defi-

ciency of iodine, since the condition could be
prevented by an iodine-rich diet.

It has been suggested that metabolic level is

important and that active species with high oxy-

gen requirements are more susceptible to thy-

roid hyperplasia (Schlumberger, 1955; Pick-

ford, 1957). In this connection, Pickford

pointed out that at least some of the marine

species that have been treated with anti-thyroid

drugs are sluggish in their habits, whereas most
of the freshwater species are highly active, the

sluggish goldfish being a significant exception.

Duerst (1941; reviewed by Schlumberger &
Lucke, 1948) presented experimental evidence

that active fishes, such as trout, require a greater

quantity of oxygen for proper functioning of the

thyroid than do inactive ones, such as carp, the

former developing hyperplasia at low oxygen
concentrations.

In addition to differing body demands for

thyroid hormone, genetic differences may in-

volve many other factors, such as the efficiency

of iodine-trapping mechanisms, the processes of
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Table II. Spontaneous Thyroid Tumors in Teleosts in Captivity

Species1

Family Clariidae

African Catfish, Clarias dumerili

Family Salmonidae

Atlantic Salmon, Salmo salar

Salmon, ‘ISalmo salar

Brown Trout, Salmo trutta

Trout, ISalmo trutta

Rainbow Trout, Salmo gairdneri

Brook Trout, Salvelinus fontinalis

Char, 1Salvelinus alpinus

Lake Trout, Salvelinus namaycush
Lake Trout, ISalvelinus namaycush
Pink Salmon, Oncorhynchus gorbuscha
Several salmonid species

Hybrids

Trout, ISalmo trutta X Char, ^Salvelinus alpinus

Brook Trout, Salvelinus fontinalis X Sunapee Trout,

Salvelinus aureolus

Brook Trout, Salvelinus fontinalis X Landlocked Salmon,
Salmo salar sebago

Silver Salmon, Oncorhynchus kisutch X Pink Salmon,
Oncorhynchus gorbuscha

Silver Salmon, Oncorhynchus kisutch X King Salmon,
Oncorhynchus tshawytscha

Blueback Salmon, Oncorhynchus nerka X Pink Salmon,
Oncorhynchus gorbuscha

Family Cyprinidae

Pearl Danio, Brachydanio albolineatus

Zebra Danio, Brachydanio rerio

Danio, ?Brachydanio sp. or Danio sp.

Rasbora lateristriata

White Cloud Mountain Fish, Tanichthys albonubes
Cherry Barb, Barbus titteya

Barb, IBarbus sp.

Iraqi Blind Cavefish, Typhlogarra widdowsoni
Goldfish, Carassius auratus

Family Cyprinodontidae

Killifish or Mummichog, Fundulus heteroclitus

Redjaw Killy, Epiplatys chaperi

Sheepshead Minnow, Cyprinodon variegatus

Flagfish, Jordanella floridae

A phanius sophiae

Family Poeciliidae

Montezuma Swordtail, Xiphophorus montezumae cortezi

Reference

Schreitmiiller (1924)

Gilruth (1902), Gaylord & Marsh,

(1914)
Crettiez, in Jaboulay (1908),

Peyron & Thomas (1930)
Bonnet (1883) 2

, Gaylord & Marsh
(1914)

Jaboulay (1908), Peyron & Thomas
(1930)

Gilruth (1902), Gaylord & Marsh
(1914), Leger (1925)

Scott (1891), Pick (1905) 2
, Marine

& Lenhart (1910b, 1911), Marine

( 19 14), Gaylord & Marsh (1914)

Crettiez, in Jaboulay (1908)
Gaylord & Marsh (1914)

Smith (1909)

Gaylord & Marsh (1914)
Plehn (19022

, 1912)

Crettiez, in Jaboulay (1908)
Gaylord & Marsh (1914)

Gaylord & Marsh (1914)

Gaylord & Marsh (1914)

Gaylord & Marsh (1914)

Gaylord & Marsh ( 1914)

Klemm (1927)
Roth (1913)
Plehn ( 1920) , Schreitmiiller (1924)
Smith, Coates & Strong (1936),

Smith & Coates (1937)

Stolk (1956a)
Baker (1959)
Schreitmiiller (1924)
Olivereau, in Baker (1959)
Nigrelli (1954)

Nigrelli (1952), Pickford (1953)

Klemm (1927)
Nigrelli (1952)
Schreitmiiller (1924),

Miiller (1926)
Weissenberg (1922),
Susebach (1922)

Gorbman & Gordon (1951), Berg,

Edgar & Gordon ( 1953), Berg &
Gorbman (1954), Berg, Gordon
&Gorbman (1954),Baker(1959)
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Table II. Spontaneous Thyroid Tumors in Teleosts in Captivity (Continued

)

Species1 Reference

Pygmy Swordtail, Xiphophorus pygmaeus pygmaeus Berg, Edgar & Gordon ( 1953

)

Common Platyfish, Xiphophorus macuiatus Berg, Gordon & Gorbman (1954),

Baker, Berg, Gorbman, Nigrelli &
Gordon (1955), Baker (1958a,

1958b), Baker-Cohen (1959)
Spike-tailed Platyfish, Xiphophorus variatus xiphidium MacIntyre & Baker-Cohen, ms.
Variatus Platyfish, Xiphophorus variatus variatus MacIntyre (1960)
Guppy, Poeciiia (= Lebistes ) reticulata Vivien & Ruhland-Gaiser (1954)
Mosquito Fish, Heterandria formosa Smith, Coates & Strong (1936),

Smith & Coates (1937)
Yellow Belly, Girardinus falcatus MacIntyre (1960)

Family Serranidae

Serranus scriba Marsh & Vonwiller (1916)
Comber, Serranus cabrilla Marsh & Vonwiller (1916)

Family Anabantidae

Climbing Perch, Anabas scandens Southwell & Prashad (1918), Plehn

(1920)

Family Chaetodontidae

Blue Angel Fish, Angelichthys isabelita Nigrelli (1952)

Family Cichlidae

Jack Dempsey, Cichlasoma biocellatum Stolk (1956b)

Family Echeneididae

Shark Sucker, Echeneis naucrates Schlumberger & Lucke (1948),

Schlumberger (1955)

Scientific and popular names are those in present usage. Scientific names preceded by a question mark have been
inferred from the popular name, which was the only one given and which is not necessarily the one used most
widely today.

2 Cited by Gaylord & Marsh (1914).

thyroid hormone synthesis and secretion, the
activities of the pituitary gland, or the sensitivity

of thyroid tissue to thyrotropin. For example,
Berg & Gorbman (1954) showed that the thy-
roids of tumerous X. montezumae cortezi pro-
duced thyroxine much more slowly than did the
glands of normal species.

Summary

Several cases of spontaneous hyperplasia of
the thyroid gland in the poeciliid fish, Girardinus
falcatus, in which thyroid tissue had invaded the

gills, are described; this condition was relieved

by the addition of iodine to the aquarium water.

A thyroid tumor in a specimen of Xiphophorus
variatus variatus is described in which extensive

growths were found in the pharyngeal area,

spleen and body cavity. Many reports of spon-

taneous thyroid tumors in teleost fishes in cap-

tivity and a few in nature have been made. These
are listed and discussed, with particular refer-

ence to the strong evidence for genetic suscep-

tibility to this condition.
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EXPLANATION OF THE PLATES

Plate I

Girardinus falcatus

Fig. 1. Normal thyroid tissue around the ventral

aorta in an immature female. Four small

follicles are present. 60 X.

Fig. 2. Hyperplastic thyroid tissue around the ven-

tral aorta, in the floor of the pharynx, and
in the gills of an immature female. The
follicles are greatly increased in size and
in number. 60 X.

Fig. 3. Hyperplastic thyroid tissue in the gills of

the same fish, 300 X.

Fig. 4. High power view of hyperplastic thyroid

tissue. 970X.

Plate H
Xiphophorus variatus variatus

Fig. 5. Thyroid tissue around the ventral aorta in

tumorous specimen. 140X.

Fig. 6. Heterotopic thyroid tissue in the spleen

and body cavity of same fish. 100 X.

Fig. 7. Detailed view of thyroid follicles in the

spleen and body cavity. 290X.
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Natural Hybridization between the Clupeid Genera Dorosoma and

Signalosa, with a Report on the Distribution of S. petenensis
1

W. L. Minckxey & Louis A. Rrumholz

Department of Biology, University of Louisville, Louisville, Kentucky

(Plates I & II; Text-figures 1 & 2)

F
ISHES of the order Chipeiformes are vir-

tually world-wide in distribution (Berg,

1940), and include a great variety of spe-

cies. The systematics of the group, including the

family Clupeidae which contains some of the

more important commercial food fishes as well

as many others, has been studied intensively.

Despite the volume of research on classification,

there are no records of natural hybridization

between any clupeid species in North America
(Hubbs, 1955).

This paper is concerned with the description

of apparently the first known hybrids between
the threadfin shad, Signalosa petenensis (Gun-
ther), and the gizzard shad, Dorosoma cepe-

dianum (LeSueur). In addition, there is a re-

port on recent findings regarding the range of

the threadfin shad.

Here, it seems appropriate to discuss briefly

the generic status of these two species, both of

which have been placed in the genus Dorosoma
by some recent workers. At present, “lumping”
of genera of North American freshwater fishes

sometimes occurs with alarmingly little data to

substantiate the change. Sometimes, however,

the synonymization is validated on the grounds
of new or re-evaluated data on morphology,
ecology and distribution, and on the incidence

of hybridization between species assigned to

different genera. The latter, for example, was
utilized by Bailey, Winn & Smith (1954) in

merging the percid genera Percina and Hadrop-
terus, an action that may have been premature
according to Hubbs & Strawn ( 1 957a : 58 ) . AJ-

1Contribution No. 33 (New Series) from the Depart-
ment of Biology, University of Louisville, Louisville 8,

Kentucky.

though the identification of hybrids between

Dorosoma and Signalosa may add credence to

their congeneric identity, we feel that the genera

should be regarded as distinct until a thorough

study is made of the group. Until such time, we
believe that the characters used to distinguish

these genera, as summarized by Miller (1950:

389-391) and by Moore (1957:59-60), are

sound, notwithstanding the more recent assign-

ment of Signalosa to subgeneric rank under

Dorosoma by Miller (1960:373). Additional

evidence that supports the validity of these two

genera is being studied in this laboratory and

concerns anatomical differences in the pharyn-

geal pouches.

Until 1945, the genus Signalosa was consid-

ered to include three species: S. petenensis, S.

atchafalayae Evermann & Kendall and S. mex-
icana (Giinther). Hubbs ( in Hubbs & Allen,

1945 : 1 16) relegated the nominal species to sub-

specific rank under S. petenensis. As indicated

by Miller (1950), differences exist between
these forms that indicate the need for an exhaus-

tive revision. Until the problem is resolved it

seems unwise to use other than the binomial

designation.

All fishes used in this study were collected as

part of the Ohio River Valley Water Sanitation

Commission—University of Louisville Aquatic-

Life Resources Project on the Ohio River. We
are grateful to these organizations for the use of

this material and to the numerous personnel

who took part in the investigation.

We acknowledge the assistance of Drs.

Robert R. Miller and Reeve M. Bailey of the

University of Michigan Museum, of Zoology,

for verifying our identifications of the hybrid
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specimens and for supplying x-ray pictures of

the hybrids. Also, we acknowledge the assist-

ance of Dr. E. L. Pirkey of the University of

Louisville for x-ray pictures of the Dorosoma
and Signcilosa. We are grateful to Charles B.

Stone for taking the photographs shown in

Plates I and II.

Materials and Methods

Body measurements and meristic counts of

specimens used in this study were made follow-

ing the methods of Hubbs & Lagler (1958) and
Miller (1950). The study specimens are cata-

logued in the collection of the University of

Louisville, Department of Biology. Data were
collected from 25 specimens of each species and
from 6 hybrid specimens. Catalogue numbers
and locality data for the specimens examined
are as follows: D. cepedianum—UY 9054, 111.,

Massac Co., Massac Creek, at confluence with

Ohio River, Sept. 9, 1957; and UL 9655, Ky.,

Jefferson Co., Ohio River, Lock No. 41, at

Louisville, Jan. 30, 1958. Hybrids-UL 11372,
Ky., Ballard Co., Ohio River, near Mound City,

Pulaski Co.. 111., Aug. 26, 1959 (1 specimen,

PI. II, B); UL 11407, Ky., Jefferson Co., Ohio
River, Lock No. 41, at Louisville, Aug. 13, 1959
(4 specimens, PI. I, B-D, PI. II, A); and UL
1 1543, same locality as UL 11407, Sept. 9, 1959

( 1 specimen, PI. II, C) . S. petenensis—UL 7529,
Ky., Henderson Co., Green River, Lock No. 1,

at Spottsville, July 9, 1957; UL 10982, Ky.,

Jefferson Co., Ohio River, Lock No. 41, at

Louisville, July 6, 1959; and UL 7562, Ky.,

Lyon Co., Cumberland River, Lock “F,” July

11, 1957. Plates I and II are photographs of

specimens of D. cepedianum from UL 9655
(PI. I, A), the 6 hybrids, and of S. petenensis

from UL 10982 (PI. II, D).

Characters of the Hybrids

As in the case of most papers dealing with

natural hybrids, our evidence of hybridization

between S. petenensis and D. cepedianum is cir-

cumstantial; however, this type of evidence has
been validated by comparisons of natural and
experimentally produced hybrids (Hubbs &
Hubbs, 1932; Hubbs, 1956; Hubbs & Strawn,

1957b; Linder, 1958; and others), and strongly

supported by the great numbers of natural hy-

brids that have been described in recent years

(Hubbs, 1955). Our hybrids between Signalosa

and Dorosoma show few characters that fall

near true intermediacy, but exhibit a composite
of the characters of each genus. The relative

intermediacy of characters in hybrids may be

readily shown by calculation of the hybrid in-

dex, as defined by Hubbs, Hubbs & Johnson

(1942:7) using the following formula:

= Hybrid Index
M 2 — M 1

in which the value of Mh equals the mean value

for the given character in the hybrid specimens,

M l equals the mean for the parental species

assigned the value of 0 (£>. cepedianum) ,
and

M 2 equals the mean for the parental species

assigned the value of 100 (S. petenensis). The

results of these calculations are shown in Text-

fig. 1.

Proportional Measurements

Length of Head.—This measurement differs

little between the two presumed parental spe-

cies (Table I). The ranges overlap widely in the

parental species, with D. cepedianum being

much more variable than either S. petenensis

or the hybrid specimens. The measurements of

the hybrids are intermediate (Text-fig. 1, Table

I), but the lower variation corresponds with the

threadfin shad.

Distance from Origin of Dorsal Fin to Snout

( Predorsal Length) .—In this character the hy-

brids are intermediate, but tend toward S. peten-

ensis. This tendency appears to be a result of

shortening of the body between the origin of the

dorsal fin and the nape in the hybrids, rather

than an extreme shortening between the nape

and the snout. In the latter measurement the

hybrids fall midways between the parental spe-

cies (Text-fig. 1), whereas in the remaining

distance from the nape to the origin of the

dorsal fin, the hybrids are closer to S. petenensis,

as is shown by the following data on the means

and ranges (ranges in parentheses) for the giz-

zard shad, hybrids and threadfin shad, respec-

tively: nape to snout, 184 (167-198), 189

( 180-194) and 194 ( 1 80-207 ) , hybrid index 50

percent.; origin of dorsal fin to nape, 31 1 (274-

344), 277 (233-301) and 268 (255-274), hy-

brid index 79 percent.

Depth of Body—In the greatest depth of

body, the hybrids resemble the gizzard shad

more closely than the threadfin shad. It is of in-

terest to point out here that measurements of

body depth and caudal peduncle depth (see be-

low) each tends toward the parental species that

has the larger measurement. The tendency for

the hybrid clupeids described here to range to-

ward the parental species that exhibited the

more extreme development of the character of

body depth and caudal peduncle depth possibly

could be ascribed to hybrid vigor (“heterosis”).

Hubbs & Hubbs, (1931, 1933) found that hy-

brid centrarchids tended to grow faster and be

relatively heavier than either of the parental

stocks. Hubbs & Miller (1943:370-371) deter-

mined that depth of head, body and caudal pe-



1960] Minckley <& Krumholz: Natural Hybridization between Dorosoma and Signalosa 173

Table I. Standard Lengths in Millimeters, and Proportional Body Measurements of
25 D. cepedianum, 6 Hybrids, and 25 S. petenensis from the Ohio River Basin.

Measurements are expressed as whole numbers calculated as thousandths of standard length.

Means are followed by plus or minus one standard deviation. Ranges are in parentheses,

with values for each hybrid listed separately.

Hybrids

Character Dorosoma
UL 11372 UL 11407 UL 11543

Signalosa

Standard length 119.4

(91.8-148.3) 154.1 161.7

146.3

135.8 145.3 136.4 144.3

102.7

(90.5-147.0)

Length of head 284 + 18.46

(256-313) 287 281

285+4.44
282 279 290 288

286 + 2.32

(253-303)

Predorsal length 494 + 13.72
(462-535) 475 472

472 + 2.96

469 475 468 473
462+14.80
(422-478)

Depth of body 358 + 14.60

(330-385) 349 341

347 + 8.26

342 1357 356 337
320+16.40
(294-355)

Depth of caudal
peduncle

97 + 4.95

(88-110) 107 104
107 + 2.13

108 109 104 107

106 + 6.85

(90-115)

Length of upper jaw 69 + 7.16

(55-84) 80 77
79 + 3.06

80 75 79 84
90 + 5.48

(76-98)

Length of mandible 91+7.65
(78-106) 103 101

106 + 4.56
108 102 106 114

120 + 6.78

(104-130)

Length of orbit 76 + 7.45

(61-89) 69 66
70 + 2.49

73 70 72 71

86 + 4.61

(75-93)

Length of dorsal
filament

183 + 36.30
(107-260) 364 343

350 + 8.94

346 354 340 355
337 + 24.90
(255-365)

duncle, as well as certain other characters, were

extreme in hybrids between Siphateles moha-
vensis Snyder and Gila orcutti Eigenmann & Ei-

genmann, and attributed this to heterosis. The
over-all aspect of our hybrid specimens suggests

a greater “plumpness” of body than either of

the parental species. On the basis of the present

specimens, the parental species have a diverging

length-weight relationship with increase in

length, and the hybrid specimens fall on the

heavier side of D. cepedianum. We hesitate,

however, to use the term heterosis when refer-

VALUE FOR EXACT VALUE FOR

DOROSOMA INTERMEDIACY SIGNALOS A
0 50 ' 100

Text-fig. 1. Average values (hybrid indices) for all statistically analyzed

characters, excluding Pectoral Fin Rays for which the hybrid index was —500.

for the six Dorosoma X Signalosa hybrids on a percentage scale in which the

average values for Dorosoma are arbitrarily set at 0 and those for Signalosa

at 100.
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ring to excessive growth or extreme characters

of interspecific hybrids. Rather, we prefer to

follow Dobzhansky (1952:222-223) in dis-

tinguishing between true heterosis and luxuri-

ance, heterosis representing “normal adaptive
states attained in outbred sexual species as a re-

sult of an evolutionary history controlled by
natural or by artificial selection,” and luxuriance
pertaining to “an accidental condition brought
about by complementary action of genes found
in the parental form[s] crossed.”

Depth of Caudal Peduncle.—The mean value
for the depth of the caudal peduncle of the hy-

brids corresponds with that of 5. petenensis (see

above).

Length of Upper Jaw and Length of Man-
dible.—Measurements of both of these char-

acters approximate the general intermediacy of

hybrid fishes. However, the means of both char-

acters tend toward the mean of D. cepedianum.

Length of Orbit.—Orbital length in the hy-

brids was less in proportion to standard length

than in either parental species (Table I). The
small eye of the hybrids lies near the lower range

of variation in D. cepedianum, and may be a

result of the consistently larger size of the hy-

brids as compared with the smaller average size

of both the parental species. Miller (1950) in-

dicated that the eye (orbital length) becomes
progressively smaller in proportion to body
length in the three southern species of Doro-
soma (D . anale Meek, D. clavesi Meek and D.
smithi Hubbs & Miller). He observed that these

proportional changes also appeared to occur in

the specimens of D. cepedianum that he ex-

amined, but too few of these were available for

a conclusive analysis.

Length of Dorsal Filament.—Mean length of

the dorsal filament in the hybrid specimens ex-

ceeds that in either of the parental species (Text-

fig. 1). The mean length of the filament of S.

petenensis greatly exceeds that of D. cepedia-

num, with scarcely any overlap (Table I). The
excessive growth of the dorsal filament in the

hybrids may be an expression of luxuriance,

which corresponds with the condition of heter-

osis cited as the most probable reason for en-

largement of the fins in certain hybrid cyprinids

by Hubbs & Miller (1943).

Two similar theories have been advanced
pertaining to the extremeness of characters

found in hybrid fishes. The length of the dorsal

filament and the near-extreme values for the

characters discussed above may be a result of

varied developmental rates in the parental spe-

cies as postulated by Hubbs & Strawn (1956,
1957b) for experimentally propagated hybrids in

the Cyprinidae and Percidae. In this explana-

tion, the rate of development of a character

changes at certain times during ontogeny and

the points at which these changes occur

were called “points of inflection” by Martin

(1949). Hubbs & Strawn (1957b:9) stated

that if the “hybrid individual had the point

of inflection of one species for the initia-

tion of the period in which that character was

laid down and the point of inflection of the

other species for the stopping point, that hybrid

could be more extreme than either parent.” This

theory is similar to that of Hubbs & Kuronuma
(1942) who attributed the lack or diminution

of numbers of tubercles on the blind side of

hybrid flounders to an additive effect of two

genetic factors, both of which tended toward

reduction of the character. Such an additive

effect could function in the reverse situation,

thus causing a tendency for a greater expres-

sion of a character. Miller (1950: 405-407)

found that the dorsal filament of D. cepedianum,

D. anale and D. smithi increased in relative

length with age, “at least up to a certain size

range.” Our data on gizzard shad substantiate

this. This phenomenon, however, does not ap-

pear to be present in 40 specimens of threadfin

shad that we examined. Thus, in line with the

reasoning of Hubbs & Kuronuma (op . cit.), the

elongation of the filament in the hybrids could

have resulted from an additive effect of factors

that control the proportional increase in filament

length in the gizzard shad with increased size,

acting in conjunction with factors that control

the consistently greater length of filament in

S. petenensis.

Meristic Characters

Scales in the Lateral Line.—There was a

marked difference between Signalosa and Doro-

soma in the number of lateral-line scales, and

no overlap occurred in the counts of our speci-

mens (Table II). The mean and range of the

lateral-line scales of the hybrids falls between

the maximum for Signalosa and the minimum
for Dorosoma. The parental species differ mark-

edly not only in the numbers of scales, but in

the pattern of scales on the body (Miller, 1950)

.

in the threadfin shad, the scales are arranged

in regular series on the body and are loosely

attached and extremely thin. In Dorosoma, the

scale rows are irregular, the scales are thicker

and are more often embedded in the epidermis,

especially on the anterior part of the body. In

the hybrids, both mean number of scales and

general pattern of scalation tend toward Sig-

nalosa.

Pre- and Post-pelvic Scutes.—In the parental

species, there was an overlap in the number of
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Table II. Meristic Counts of 25 D. cepedianum, 6 Hybrids, and
25 S. petenensis from the Ohio River Basin.

Means are followed by plus or minus one standard deviation. Ranges are in parentheses,

with values for each hybrid listed separately.

Hybrids

Character Dorosoma Signalosa

UL 11372 UL 11407 UL 11543

Scales in lateral 62.5 + 2.34 51.5 + 1.95 45.4 ±1.63
line (59-67) 51 50 51 55 50 52 (42-48)

Pre-pelvic scutes 18.0 + 0.30 17.2 + 0.78 15.9 + 0.53

(17-19) 17 18 16 17 17 18 (14-17)

Post-pelvic scutes 11.6 + 0.80 11.0 ±0.63 11.1 ±0.03
(10-12) 11 11 11 11 10 12 (10-12)

Rays in anal fin 30.4+1.74 27.2+1.73 23.2+1.33
(25-33) 28 29 27 27 28 24 (20-25)

Rays in pectoral 14.5 + 0.96 16.0+ 0.00 14.2 + 0.49

fim (12-16) 16-16 16-16 16-16 16-16 16-16 16-16 (14-15)

Vertebrae 49.7 + 0.40 46.3 + 0.62 42.9 + 0.58

(48-51) 47 46 46 46 46 47 (41-44)

•All rays, including rudiments, were counted on both right and left fins.

pre-pelvic scutes but the means were signifi-

cantly different. The counts for the hybrids were

intermediate (Text-fig. 1). For the post-pelvic

scutes, the range was the same for each parental

species as well as the hybrids, and there was no
significant difference in the means (Table II).

Rays in the Anal Fin.—Ranges in the num-
ber of anal fin rays in Dorosoma and Signalosa

usually do not overlap in areas of sympatry
(Miller, 1950). One of the present specimens of

D. cepedianum had 25 anal rays, equal to the

highest count that we obtained for S. petenensis.

The mean count for the hybrids was intermedi-

ate, but varied toward the mean for the gizzard
shad.

Rays in the Pectoral Fin.—The number of

rays in the pectoral fins of the hybrids was
extremely high and very constant compared
with those of the parental species. The theory

of complementary points of inflection for the

development of certain characters was used to

explain the extreme numbers of fin rays found
in hybrid fishes by Hubbs (1956) and by Hubbs
& Strawn (1957b).

Vertebrae—The mean count of 46.3 verte-

brae in the hybrid specimens falls between
counts obtained for the parental species (Table
II, Text-fig. 1). Miller (1950), on the basis of
counts from 30 Signalosa and many Dorosoma,
cited 40 to 45 and 43 to 5 1 , respectively, for the

two genera, with 47 to 51 for Dorosoma where
its range overlaps that of Signalosa. Our counts
of vertebrae were made from x-ray photographs
using the technique of Miller (loc. cit.).

Pigmentation

The following color notes were made both

from preserved and freshly caught specimens.

Fish were preserved in formalin, washed in

water, then placed in 35 percent, isopropyl

alcohol, a preservative that removes all but the

basic color patterns. Notes taken from fresh

specimens are placed in quotes. One hybrid

specimen (PI. II, C) died before it was pre-

served and because of the loss of color is not

included in the descriptions. Only one of the

hybrids was recognized in the field and con-

sequently notes pertaining to yellow pigments

in the hybrids refer only to that specimen, UL
11372, taken near Mound City, Illinois.

Head.—D. cepedianum : brownish on dorsum;

dorso-lateral region with a spot postero-dorsal

to eye (very diffuse)
; upper one-third of opercle

pigmented, in some specimens pigment extend-

ing down to include upper one-half; “lower part

of head silvery, sometimes with a slight suffusion

of bronze” (PI. I, A). Hybrids: brownish cap
present on upper surface of head as in Signalosa,

with indication of unpigmented spot postero-

dorsal to eye (in three specimens); opercle

pigmented on dorsal one-third (in one), inter-

mediate (in two), and as in Signalosa-, “head

yellow below, becoming intense canary yellow

in brancniostegal region;” snout as in Signalosa

(in two) mustache weakly developed (in one),

and absent; chin white (in three) to weakly
pigmented; black inside mouth strongly (in

two) to weakly present as scattered melano-

phores along posterior edge of mandible (PJ. I,
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B-D, PL II, A-C). Signalosa : dark brownish-
black over top of head, extending from nape at

level with upper edge of eye, forward over eye
to snout; upper edge of opercle pigmented, ex-
tending down as scattered melanophores to

approximately middle eye; "lower part of head
yellowish, tending toward canary yellow, in the

branchiostegal region;” snout with a "mustache
of melanophores distinct on the maxillary”

(present also in preserved material); chin with
scattered melanophores, with intensified area

inside mouth on mandible (PI. II, D).
Body.—D. cepedianum: dorsal region brown

to brownish-black, extending one-third of dis-

tance down side; scales with thin band of mel-
anophores near posterior edge in area of dorsal

pigment; extreme dorsal area dark in a discrete

band; humeral spot diffuse, brownish-black

confluent with, and diffusing into, dorsal pig-

ment on postero-dorsal and dorsal sides, sharply

outlined anteriorly by light area; spot equal to

orbit, to slightly larger; humeral bar present (an

extension of head pigment down cleithrum be-

neath opercle), extending to lower edge of

opercle; lateral region, breast and posterior

body uniform silvery, dorsum sometimes with a

bronze cast, with faint punctulations along later-

al area in some specimens; fin bases with scat-

tered melanophores. Hybrids: dorsal pigment
brownish-black to brown, extending one-fourth

(in two) to one-third distance down side; scales

with dorso-ventrally diffuse groups of melano-
phores, forming distinct lines along sides; hum-
eral spot jet black, bordered before and below
by light areas, upper one-third of spot bordered

by (in four), and diffusing into, dorsal pigment;

humeral spot slightly smaller than eye (in four)

to equal or slightly larger; humeral bar present

to lower edge of opercle (in one), one-half of

distance (in three), to slightly developed; “lower

abdominal area as in Signalosa (in one); lateral

region as in Signalosa; postero-ventral side

silvery except at fin bases, where canary yellow

persists (in one).” Signalosa : dorsal pigment

intense blackish-brown; no distinct dorsal stripe;

color on dorsum extends about one-fourth dis-

tance down sides; dorso-lateral scales each with

discrete groups of melanophores near posterior

margins, giving dorsum a lined appearance that

is somewhat obscured by over-all color; “hum-
eral spot jet black, bordered behind, below, and
before by light areas, slightly confluent with dor-

sal pigment above; humeral spot smaller than

orbit; humeral bar absent; lower abdominal area

suffused with yellow, culminating in canary yel-

low on breast;” lateral region with small punctu-

lations, giving appearance of dusky band in some
specimens; “posterior ventral region silvery,

with yellowish cast.”

Fins.—D. cepedianum : dorsal and anal fins

with black pigment on rays, scattered melano-

phores on interradial membranes; pectoral fins

with black on anterior rays and near fin tips,

semi-clear between; pelvic fins totally black in

some specimens, grading to black near tips and

clear at base; caudal fin with blackened rays,

caudal band rarely evident; no yellow colors

noted in life, or in preserved material. Hybrids:

black pigmentation of dorsal, pectorals and

caudal generally as in Signalosa; yellow pig-

ments of fins “as in Signalosa, possibly more

intense.” Signalosa: “dorsal fin with over-all gray

appearance, rays darker; pectoral fins with dark

melanophores present on anterior rays, most

intense on posterior edge of first major ray,

becoming diffuse near end of fin; proximal por-

tion of fin slightly yellow, becoming more in-

tense near base; pelvic fins with little or no dark

pigment, canary yellow near base, grading to

clear at tips; anal fin largely clear, with intense

canary yellow along base; caudal fin with dark

pigment on dorsal lobe to most dorsal rays, and

on ventral lobe to second or third most ventral

rays, extending about two-thirds of length of

fin, becoming less intense, then reappearing as

a black line on extreme posterior edge; extreme

bases of rays in ventral lobe of caudal yellow,

extending onto and throughout the length of the

two or three ventral rays, and onto semi-

transparent band running dorso-ventrally on

the fin.”

Distribution of S. petencnsis

The range of the threadfin shad (including

Dorosonia petenense and D. mexicana) was

given by Jordan & Evermann (1896: 416-417)

as the “east coast of Mexico” to Lake Peten

(Guatemala). Evermann & Kendall (1898:

127 ) erected the name Signalosa and described

S. atchafalayae, thus defining the known range

as the “coast of Louisiana” to Lake Peten

(Jordan, Evermann & Clark, 1930:46-47). In

1925, Weed (1925) recorded Signalosa from

Florida (as S. atchafalayae vanhyningi Weed);

Miller (1950:390) recorded the range as “At-

lantic [Coast] (from Florida to northern

Guatemala and British Honduras).”

In 1948, fishery workers for the Tennessee

Valley Authority found threadfin shad in the

large Tennessee River impoundments (Anony-

mous, 1954). Within a few years the species had

spread to all of the mainstream reservoirs on

the Tennessee River. Apparently, small numbers

of S. petenensis had been present in the lower

Tennessee River and had rapidly increased in

numbers when more stable conditions were

created by the reservoirs. This northern acclim-

atization of the threadfin shad was recently
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recorded by Moore (1957:59-60) in his state-

ment of its range: “Gulf Coast from Florida to

Texas, northward in Mississippi Valley to

Tennessee and southern Arkansas and Okla-

homa and southward to British Flonduras.”

With the increase in abundance in the

Tennessee River Basin, the value of this small,

prolific “forage-fish” soon was recognized by

workers from other areas. Between 1948 and
1953 the species was introduced into other im-

pounded waters in Tennessee with general suc-

cess (Anonymous, 1954; Parsons & Kimsey,

1954); according to Parsons & Kimsey, how-
ever, the threadfin shad had not been recorded

in the Cumberland River System as of 1954.

Parsons (1957) recorded the species from the

Cumberland System (Center Hill Reservoir),

but failed to state whether the fish was native or

had been introduced. He did, however, record

the stocking and establishment of S. petenensis

in Dale Hollow Reservoir in 1955.

After a practical method of transporting the

threadfin shad had been found (Parsons &
Kimsey, 1954), it was stocked widely in the

United States. Mr. Charles J. Chance, Tennessee
Valley Authority, has informed us (personal

communication, Dec., 1959) that “Threadfin

shad . . . have gone either directly or indirectly

from the [Tennessee River] Valley to the fol-

lowing places: Virginia, Georgia, Pennsylvania
. . . California, Nevada, Arizona, Kansas . . .

and New Mexico. We understand that they
were transported from California to the

Hawaiian Islands where they have potential use
in chumming tuna.” The species had been in-

troduced into California in November, 1953
(Kimsey, 1958). The stock was held in San
Diego County until 1954 and 1955, when their

progency were released in Lake Havasu, Cali-

fornia. By September 1955. threadfin shad were
found near Brawley, in the Salton Sea and near
the Imperial Wildlife Refuge in California, and
near Yuma, Arizona (Kimsey, loc. cit.). Ac-
cording to Haskell (1959:298), the species was
subsequently stocked “in other impoundments
up and down the [Colorado] river by both Cali-

fornia and Arizona, and the species was also

introduced into the deep-water lakes of central

Arizona.” Haskell also noted that the establish-

ment of the species in western waters had been
easily accomplished because of “biological ex-

plosions” that occurred shortly after stocking.

Threadfin shad are now also established in

Virginia (Parsons, 1957) and in West Virginia

(Schwartz, 1958), the latter occurring in the

Ohio River Basin as a result of the downstream
movement of threadfin shad from Virginia

plantings in the upper Kanawha River System.

Threadfin shad introduced into Kansas failed to

survive the winter (Parsons & Kimsey, 1954)
and the species probably met a similar fate in

Pennsylvania (Charles J. Chance, personal com-
munication). An attempted introduction into

hatchery ponds in southern Indiana in 1958 was

unsuccessful (W. B. Barnes, personal communi-
cation). The results of the introductions into

Nevada, Georgia and Hawaii are unknown to

us.

The assumption that the threadfin shad is a

new invader of the waters of the Ohio River is,

of course, based on negative evidence. The
species was not recorded from the lower Ohio

in such exhaustive works as Forbes & Richard-

son (1904, 1920) in Illinois, Gerking (1945)

in Indiana, and Trautman (1957) in Ohio.

Moreover, the extensive surveys of the Upper
Mississippi River Conservation Commission
(1945-1959), reported in detail in Barnickol &
Starrett (1951) and others, failed to record the

threadfin shad in the vicinity of the mouth of

the Ohio River, or in the Mississippi River above

the mouth of the Ohio.

The information given above on the intro-

duction and occurrence of the threadfin shad in

Pennsylvania and West Virgina (the latter rec-

ords are known to be in the Ohio Basin) brings

up the possibility of downstream movement of

the species from upstream stockings. However,
the survey in which our specimens were obtained

included collections from the entire length of

the Ohio River, and no threadfin shad were
collected farther upstream than the vicinity of

Louisville, Kentucky. From the “lower river”

(downstream from the vicinity of Louisville),

S. petenensis was taken in 25 of the 62 collec-

tions that were made with gear that might be

expected to capture this species. Our collections

of threadfin shad in the Ohio River range from
approximately 10 miles upstream from U. S.

Government Lock No. 41, at Louisville, down-
stream to near the mouth of the river near

Mound City, Illinois (Text-fig. 2). The localities

plotted in Text-fig. 2, with the exception of those

localities and/or dates for the specimens listed

previously in this paper, are: Illinois. Massac
Co., Massac Creek, near its confluence with the

Ohio River, Sept. 9, 1957; Pulaski Co., Cache
River, 1.0 miles upstream from Ohio River, near

Mound City, Sept. 10, 1957; and Pope Co.. Big

Bay Creek, Sept. 10, 1957, and Grand Pierre

Creek, near their confluences with the Ohio

River, Sept. 11, 1957. Indiana. Harrison Co.,

Indian Creek, near its confluence with the Ohio
River, Aug. 15, 1957; and Crawford Co., Little

Blue River, near Alton, Aug. 16, 1957. Ken-
tucky. Ballard Co., Ohio River, Lock No. 53,

near Grand Chain, Massac Co., Illinois, Oct. 29,
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Text-fig. 2. Map of the Ohio River showing the locations referred to in this

report where specimens of Signalosa petenensis were collected.

1957, and Ohio River, near Mound City, Pulaski

Co., Illinois, Aug. 25, 27, 1959; Livingston Co.,

Ohio River, at Lock No. 51, near Golconda,
Pope Co., Illinois, July 18, 1957; Daviess Co.,

Ohio River, Lock No. 47, near Newburgh,
Warrick Co., Indiana, Dec. 2-3, 1957; Meade
Co., Ohio River, Lock No. 44, near Leaven-
worth, Crawford Co., Indiana, Nov. 26, 1957;
Hardin Co., Ohio River, at West Point, July 8,

1959; Jefferson Co., Ohio River, Lock No. 41,

at Louisville, Sept. 17, Oct. 22, Nov. 21, Dec.

17, 1957, Jan. 30, 1958, Sept. 9, 1959, Ohio
River, at Sand Island, 0.5 mile downstream from
Lock No. 41, Nov. 5, 1957, Ohio River, at the

north end of Dam No. 41, July 9, 1959, and
Ohio River, Sixmile Island, upstream from
Louisville, Nov. 21, 1959.

The numbers of S. petenensis in our collec-

tions ranged from single specimens to a maxi-
mum of over 1 0,000 young of the year that were
taken by brief seining at the station at Hardin
Countfy, Kentucky. The greatest number of adult

specimens taken in one sample was 2,770; these

were obtained bv rotenone from Lock No. 53

on the Ohio River near Grand Chain, Illinois.

Discussion

The occurrence of the hybrid fishes described

here is of special interest in light of the apparent

recent movement of one of the parental species,

S. petenensis, into the Ohio River Basin. This

invasion is of interest from the point of view of

determining the factors that permitted the in-

crease in range of the species. The movement of

S. petenensis into the Ohio River was undoubted-

ly augmented by the presence of navigation

dams and their probable (but relatively undocu-

mented) effect on the stability of water levels

and temperature. That the threadfin shad is

sensitive to low temperatures is attested by the

records of temperature-induced mortality in

Texas (Hubbs, 1951:297) and in Alabama
(Anonymous, 1954), where sudden drops in

temperature to about 50 degrees F. or less oc-

curred. Parsons & Kimsey (1954), however,

noted “heavy mortality” when threadfin shad,

which were being transported, were subjected to

temperatures lower than 45 degrees F. Appar-
ently, the threadfin shad can withstand water

temperatures lower than 50 degrees if they are

lowered slowly, or, as an alternative, the stock-

ing of the threadfin shad in Tennessee Valley

may have made possible the selection of a cold-

resistant form, which then continued to pene-

trate into the cooler waters of the Ohio River.

Acclimatization of this sort was described by

Krumholz (1944) for Gambusia affinis (Baird

& Girard) after stocks of this species had been

transferred from near Carbondale, Illinois, to

northern Illinois and thence to Michigan and

other northern states.

The lock and dam emplacements on the Ohio

River obviously have not prevented the move-

ment of S. petenensis upstream. The dam at

Louisville, however, is at present the highest on

the Ohio River, being approximately 37 feet at

“normal pool,” and could be a major deterrent.

The causes of hybridization between Signa-
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losa and Dorosoma cepedianum are unknown;
however, some conclusions may be drawn in light

of recent remarks on causes of hybridization in

other freshwater fishes by Hubbs (1955). The
gizzard shad is a very abundant fish in the Ohio
River, exceeding the relative abundance of all

fishes in weight and being exceeded in number
only by certain minnows. Conversely, the thread-
fin shad is relatively rare, comprising consider-
ably less than 5 percent, of all fishes taken in 19
of the 25 collections in which it occurred. In ad-

dition, the threadfin shad is presumed to be a

new, or relatively recent, invader following the

man-made alterations in the Ohio River. All

three of these factors, viz., (1) the rarity of
species, (2) the introduction or recent invasion

of one species and (3) the alteration of the

environment by man, were cited by Hubbs
( 1955) as factors bringing about the breakdown
of “species lines” in fishes. It seems probable that

hybridization between these two shads occurred
as a result of the less abundant threadfin shad
joining spav/ning aggregations of D. cepedian-

um.

Summary

This paper concerns the first known natural

hybrids between the gizzard shad, Dorosoma
cepedianum (LeSueur), and the threadfin shad,

Signalosa petenensis (Gunther). Six specimens

of this hybrid combination, all from the Ohio
River, are compared with 25 specimens of each

parental species from the same general area.

The hybrids were intermediate in most propor-

tional and meristic characters examined; how-
ever, in characters involving plumpness of body
and development of fins, the hybrids were ex-

treme. The extreme development of these char-

acters is attributed to complementary action of

genes. Basic color patterns of the hybrids resem-

bled Signalosa more closely than Dorosoma, but

mingling of the two patterns was obvious.

Signalosa is a recent invader of the Ohio
River Basin, and a review of the current distri-

bution of the species is included. The recent

invasion of the Ohio River Basin by one species,

the modifications of that basin by man’s activi-

ties, and the relative rarity of Signalosa are

probably all contributory to the breakdown of
the isolating mechanisms between these two
clupeids, and the subsequent miscegenation.
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Annual and Lunar Periodicity in the Sexual Cycle of the

Javanese Toad, Bufo melanostictus Schneider
1

Gilbert Church

University of California Field Staff,

Medical Faculty, University of Indonesia, Djakarta2

(Plate I; Text-figures 1 & 2)

T he reproductive cycles of the temperate

zone Anura have been known for many
years to correspond closely to seasonal

changes in climate. Almost nothing, however,

is known about the reproductive cycles of tropi-

cal amphibians. In the wet tropics the average

temperature is almost constantly the same and
the amount of rainfall, although usually under-
going seasonal variations, is never so slight as to

cause drought conditions. Consequently, a con-
stant supply of food is available. The breeding
cycles of Amphibia in such an unchanging en-

vironment might be expected to differ signifi-

cantly from those of the variable temperate
zones.

This report presents a study of the reproduc-

tive cycle of Bufo melanostictus Schneider in a

truly tropical environment. The city of Djakarta,

at the western end of the island of Java, where
the animals were collected, lies about 6° S. Be-
ing so close to the equator, the days are about
twelye hours long throughout the year.

The climate of Djakarta is constantly warm
and humid. The average monthly temperature

throughout the year varies from about 26°C. to
28 °C.; the absolute maximum and minimum
temperature range is from 18°C. to 36°C. The
mean monthly relative humidity varies between

78% and 88%.

Of all conditions in Djakarta, the amount of

rainfall varies most throughout the year, the

1 This study was supported by a grant from the

Gustav and Louise Pfeiffer Research Foundation of

New York City, and the China Medical Board.

2 Present address: Departemen Kimia/Biologi, In-

stitut Teknologi, Djl. Ganeca 10, Bandung, Indonesia.

changes producing so-called “wet” and “dry”

seasons. The rainfall is greatest from December

to March during the northwest monsoon, and

in January averages about 8”. From April to

October the southeast monsoon brings less rain,

but local thunderstorms, occurring on the aver-

age of 122 per year, are common. The average

rainfall for the month of September is about 2".

In this monotonously damp climate B. melan-

ostictus occurs widely and in large numbers. It is

an urban, nocturnal toad, most frequently

found around human habitation. In the evening

it is often aggressive enough to invade houses

and porches in its hunt for insects, and it will

often congregate under street lamps in quiet

areas for the same purpose. It breeds in drain-

age ditches or other shallow standing water, and

the eggs are laid in typical Bufo fashion in two

mucilaginous strings during amplexus which

may continue for one or two days before actual

spawning takes place. (Church, 1960).

The females for this study were collected at

weekly intervals from September, 1957, to Sep-

tember, 1958; the males, from March to July,

and September to November, 1958. Studies of

the blood, hormonal changes and the concentra-

tion of liver glycogen as related to the sexual

cycle of this species throughout the same period

have also been made but will be presented later.

A preliminary report of this work was pre-

sented at the First Indonesian Science Congress

at Malang (Java) in August, 1958 (Church et al,

1958).

Materials and Methods

1. Female specimens. For this study between

ten and twenty adult female specimens were col-

lected one evening each week in Menteng, a dis-

181
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trict of Djakarta. The following morning they

were brought to the laboratory, killed and ex-

amined. Records were kept of the snout-vent

lengths, total body weights, weights of the ovar-

ies, the maturity of the ovarian eggs, the pre-

sence of ovulated eggs, the size of the oviducts,

the amount of food in the stomach and the pre-

sence or absence of fat bodies.

The ovaries were excised and weighed separ-

ately until it became apparent that there was no
significant difference between the weights of the

two. The maturity of the ovarian eggs was de-

termined by a consideration of egg size and pig-

mentation. They were grouped as follows:

Group I: Small, unpigmented ova.

Group II: Eggs small; pigmentation of ova
variable.

Group III: Almost all eggs pigmented com-
pletely, but showing no distinction between
the animal and vegetal hemispheres.

Group IV: A difference in pigmentation be-

ginning to appear between the animal and
vegetal hemispheres.

Group V: Large eggs with a clearly dis-

tinguishable animal and vegetal hemis-
phere.

Group VI: Post-ovulation, distinguished by
the condition of the ovary, which usually
contained some unovulated Group V ova.

2. Male specimens. The testes of a smaller
number of animals, collected also at weekly in-

tervals from the same area as the females, were
studied. Approximately seven male toads were
examined every week from March to July, 1958.
In a total of 130 animals, records were kept of
the snout-vent lengths, and the total body
weights. The lengths and the widths of the testes

were determined, and the weights recorded. One
of the testes of each male was crushed in water
and examined for viable spermatozoa. Records
were also kept of the pigmentation of the fingers,

the presence of Bidder’s organ, and the number
of vocal slits leading to the vocal sac.

A histological study of the testes was made on
another group of 200 males which were collected

at weekly intervals from September to Novem-
ber, 1958. To determine whether only mating
animals with testes full of sperm were to be found
in water, half the animals were taken from land
and half from water. The testes were excised the

morning after the animals were collected, fixed

in Bourn's, sectioned at 8 mu, and stained with
Mallory’s phosphotungstic hematoxylin. Records
were also kept of the snout-vent lengths, the

gross body weights and the secondary sex char-

acters of these animals.

Results
1. Female specimens. A total of 878 females

were studied. The average snout-vent length was

70 mm.; the average gross weight, 32.9 gms. The
weekly data collected over the whole year are

presented in Table I.

It was found that the ovarian weights varied

considerably throughout the year. They were

largest from September to November, decreased

markedly in January and February, and reached

their smallest size in March and April (Text-fig.

1 ) . Considerable evidence was accumulated

from December to March to indicate that in

many cases not all eggs were ovulated at the

same time but, presumably, in two or even three

small batches over a number of months. Ani-

mals kept in the laboratory were found to under-

go the same spawning variations and some
females were even able to ovulate without the

presence of a male. Ovaries examined eight

months after females had spawned in the labor-

atory contained eggs which had reached Group
III in development.

A fully developed pair of ovaries containing

ova ready to be ovulated could equal as much as

30% of the gross body weight. On the other

hand, a Group I immature ovary sometimes

weighed as little as 0.3 gm. Ova in three stages

of development could be found in the ovary:

the youngest generation was small, clear and

transparent; the second, medium in size and yel-

low in color; and the most mature, large and
pigmented. After ovulation of the mature ova

the remaining two generations continued to de-

velop and a new generation was produced. A
similar condition has been reported in B. arena-

rum (Allende, 1939).

Within the yearly variation in the weights of

the ovaries, there was also found to exist a

monthly rhythm in ovulation which followed

the lunar cycle. During the time of the full moon
more females were collected that were ready to

ovulate or had just ovulated than when there was
no moon. Attempts to correlate this cycle with

temperature changes and amounts of rainfall

have been unsuccessful. These data are present-

ed graphically in Text-fig. 2.

The size of the oviducts could invariably be

correlated with the maturity of the ovaries. If

the ovarian eggs were immature, the oviducts

were almost threadlike. When the ovaries con-

tained mature eggs, the oviducts were large and

swollen and greatly convoluted.

The stomach contents were not weighed, but

food was invariably present in the stomach

throughout the time studied.

Occasional animals were found with large fat
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Table I. Weekly Averages of Data for Female
Specimens of B. melanostictus Examined from

September, 1957, to August, 1958.

Date No. Average

body

weight

Average snout-vent

Average

Ovarian

weights

No.

in

Groups

V
&
VI

%

of

Groups

V
&
VI

Sept. 11 17 49.2 gm. 79.6 mm. 4.1 gm. 1 6%
18 13 34.9 68.3 2.8 2 15
25 15 47.1 76.0 5.3 0 0

Oct. 2 10 56.6 82.8 8.1 0 0
9 17 31.9 68.1 2.7 1 6
17 20 36.9 69.9 4.1 2 10
23 19 46.5 73.8 7.6 4 21
30 13 40.7 66.9 7.5 1 7

Nov. 6 19 45.2 75.4 11.4 7 36
13 6 33.6 75.3 6.2 2 33
20 13 35.3 72.3 5.8 4 30
27 18 39.4 76.7 6.5 3 17

Dec. 4 22 34.0 74.1 4.0 14 63
11 16 29.4 66.7 3.0 8 50
18 16 35.4 75.3 6.3 1 6
24 19 32.1 73.3 3.2 2 10
31 17 23.9 67.6 3.2 0 0

Jan. 7 19 37.3 73.7 4.8 8 42
15 18 29.7 75.0 1.8 12 75
22 18 37.2 76.0 5.1 2 11
29 20 30.7 71.5 4.7 3 15

Feb. 5 10 38.1 77.1 3.9 3 34
12 11 28.5 75.4 2.6 2 18
19 12 23.3 67.3 1.4 0 0
26 17 24.5 69.7 1.2 2 11

Mar. 5 21 29.3 71.7 2.6 5 25
12 12 29.8 74.0 1.6 3 25
19 10 32.5 76.7 3.1 2 20
26 16 25.1 70.3 1.4 3 33

Apr. 2 16 23.9 67.4 1.1 1 6
10 13 32.3 65.7 1.7 0 0
16 16 20.9 64.2 2.6 0 0
23 14 26.5 68.6 1.5 1 7
30 24 23.0 68.8 1.3 1 4

May 7 21 28.8 71.8 1.4 3 14
14 20 35.5 66.4 1.7 1 5
21 24 31.9 73.3 1.5 0 0
28 21 34.5 79.7 2.4 1 5

June 4 25 23.6 69.2 1.0 3 12
11 28 33.9 69.1 3.0 1 3
18 11 30.5 68.7 2.6 1 5
25 17 29.4 71.0 1.6 4 16

July 2 24 32.1 72.1 2.6 7 29
9 20 39.9 73.7 2.6 6 30
16 19 24.2 64.0 0.8 0 0
23 24 33.5 65.6 1.6 6 25

Aug. 6 24 29.4 66.5 1.1 1 4
13 23 26.6 62.6 1.5 5 21
20 21 30.9 65.7 1.6 6 28
27 19 34.3 68.5 3.6 6 31

bodies, but in the majority of cases these organs

were rarely of a size to store any appreciable

amount of fat. Usually the fat bodies were en-

tirely lacking, or almost invisible. The constancy

of the climate and the unending food supply

obviously make an estivation period unneces-

sary; consequently, the storage of fat either for

the maintenance of general metabolism or the

production of ova becomes superfluous. There
was no correlation between the size or presence

of fat bodies and the maturity of the ovarian

eggs, and no explanation can be given for the

presence of large fat bodies in those few cases in

which they were found. Neither the presence nor
the size of the fat bodies varied throughout the

year as has been reported to be the case for this

species in Thailand (Alexander, 1933).

2. Male specimens. Two groups of males were

studied. In the first group totalling 130 animals,

approximately seven male toads were examined
weekly from March until July, 1958. In the

second, totalling 200 animals, the testes of ap-

proximately twenty animals were examined his-

tologically every week during the months of

September and October, 1958.

The testes of B. melanostictus are elongated

and in mature animals are typically grayish-

yellow; those of young males are opaque white.

In about 20% of the animals examined either

one or both testes were divided into two or three

separate lobules which were sometimes con-

nected together.

The average weight of a mature testis, taken

as percentage of the body weight, was 0.1%.
The average length of the testis was 11.2 mm.;
the average diameter, 2.4 mm. There was
no significant difference between the weights,

lengths or diameters of the right and left testes.

These data, including the snout-vent lengths and

gross body weights, for each week, are tabulated

in Table II.

There was no obvious correlation between the

condition of the testes and the monthly ovarian

cycle. Changes in the weights and volumes of

the testes which occurred from week to week
were probably related to changes in snout-vent

size.

All of the testes which were crushed were

found to contain some viable mature sperma-

tozoa. Histological sections also showed this to

be so, although in about 18% of the testes ex-

amined microscopically the tubules had been

evacuated. Another 27% had evacuted some
but not all of the mature spermatozoa; 19%
had tubules full of mature sperm ready to evacu-

ate; 20% had tubules in which the developing

and mature sperm were present in about equal

numbers; and 15% were in the early stages of
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Text-fig. 1. Changes in the ovarian development ot Bufo melanostictus throughout the year. Ovarian

Group I represents the most immature ovaries; Group V and VI, ovaries containing eggs ready to be

ovulated or post-ovulation. Animals with Group I ovaries were most numerous in April; those in Groups
V and VI, during December and January.

spermatozoa development, although even here

it was sometimes possible to find a tubule con-

taining mature sperm.

The testes did not show seasonal lobulation,

but every tubule formed an active center of

spermatogenesis. A recently evaculated tubule

might lack mature spermatozoa, but at least

three stages of development (primary sperma-

tocytes, spermatogonia and spermatids) could

be found in every tubule. The developing

spermatogonia and spermatids of the tubules

were arranged in groups separated in a mature
tubule by Sertoli cells holding spermatozoa

(Plate I, A) . In the testis of an animal apparently

ready to mate, the spermatozoa had become
disengaged from the Sertoli cells and were found

freely filling the tubular lumina (Plate I, B).

There was no clear-cut distinction between

the thickness or the amount of interstitial tissue

present in the different stages of development of

the tubules. In the few instances in which the

interstitial tissue was obviously thicker, the

tubules had just been evacuated, and this ap-

parent increase may have been due to stretching

of the interstitial tissue caused by the collapsed

tubule (Plate I, C).

OCT. NOV. DEC. JAN. FEB MAR. APR. MAY. JUNE JULY AUG.

GROUPS V a VI SHOWN AS PERCENTS OF WEEKLY TOTALS

Text-fig. 2. Weekly percentages of animals in Groups V and VI from September, 1957, to August, 1958.

Vertical lines mark approximate days of full moon. Data on rainfall, temperature and humidity supplied

by Lembaga Meteorologi dan Geofisik, Kementerian Perhubungan, Djakarta.

OVARIAN

GROUP
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Table II. Weekly Averages of Data for Male Specimens of B. melanostictus Examined from

March-July, 1958.

Left and Right Testes

No.
s-v
mm.

Body
wt.

gms.

Weight
mgms.

Length
mm.

Diameter
mm.

Volume
mm.8

L R L R L R L R

Mar. 5 10 70.5 25.9 26.4 26.8 10.8 10.8 2.3 2.3 52.3 51.6

12 7 72.5 34.0 45.8 42.6 11.1 10.9 2.6 2.9 65.1 75.3

19 7 71.0 26.0 42.1 30.9 12.3 9.9 2.5 2.5 62.8 47.4

26 10 66.3 22.4 19.5 20.2 8.3 8.8 2.1 2.1 27.8 30.0

Apr. 2 9 72.1 30.3 32.1 34.1 10.7 10.6 2.6 2.7 59.9 69.9

10 8 68.3 27.4 30.3 32.9 10.4 11.2 2.4 2.6 48.8 56.7

16 9 71.7 28.5 39.8 40.3 12.0 11.4 2.5 2.6 63.6 64.1

23 8 68.5 24.4 30.3 35.7 10.5 11.1 2.2 2.6 39.4 56.0

30 5 70.2 23.8 32.6 31.8 10.9 10.8 2.5 2.3 59.6 47.0

May 7 5 68.3 23.0 29.8 29.7 10.8 10.5 1.9 2.1 36.7 45.5

14 11 66.0 22.2 25.1 25.0 10.2 9.6 2.0 2.1 34.0 36.0

21 5 72.2 35.0 37.6 34.2 11.7 11.9 2.3 2.3 59.1 62.5

28 7 69.3 28.0 31.3 35.0 11.5 12.2 2.3 2.4 50.8 58.4

June 4 7 66.3 20.5 25.1 25.7 9.9 11.2 2.3 2.5 43.6 55.9

18 8 70.1 38.7 34.7 37.6 11.4 12.8 2.2 2.4 51.4 68.2

25 4 68.7 26.3 20.1 21.9 11.0 10.7 1.9 2.1 34.7 38.5

July 2 7 74.1 33.5 37.4 37.0 11.8 11.9 2.3 2.6 55.6 61.5

9 4 70.2 31.7 25.9 29.1 10.0 10.9 2.3 2.3 43.8 48.2

No difference was found between the testes

of the males collected on land and those col-

lected in water. In both instances the tubules

were in all stages of development.

Immature ova were found embedded in the

testicular tissue of 10% of the testes examined
microscopically. There were five hermaphrodites

in the collection, in which the ovaries were im-

mature and the testes normal. They all showed
typical male secondary characters.

The secondary sex characters were always
present in mature males. Although they are

known to show seasonal variation in other parts

of the range of this species, they are retained

throughout the year on Java (Church, 1959).
Only the first two fingers were found to be pig-

mented in mature animals. This finding is in

keeping with the observations of Stejneger

(1907), Boulenger (1912), Van Kampen
(1923) and Pope (1931). Liu (1936), however,

has reported the presence of well-developed

black nuptial pads on the first three fingers of

breeding melanostictus in China. All males also

showed the characteristic red pigmentation

under the chin throughout the year.

The vocal sac, which is median and internal

in this species, was also pigmented. The vocal

slits opening into it varied in number and posi-

tion. Of 255 animals examined, 12 had two

openings equally developed; 124 had only the

left; 1 1 1 had only the right; and 8 had no slit

at all. But studies of other Javanese populations

(Church, 1959), and of China (Liu, 1936),

show this to be a highly variable structure in

this species.

In keeping with the observations of Davis

(1936) for Bufo in general, and Rau & Gatenby

( 1 923 ) for melanostictus, Bidder’s organ was

found in all male animals examined. No sea-

sonal variation in the size of this organ was
noted.

The fat bodies were absent or small and un-

developed as in the females.

Discussion

That Bufo melanostictus can reproduce

throughout the year in West Java has been

demonstrated by this study. Whether the annual

reproductive pattern as reported here for 1957-

58 is typical of every year is still open to ques-

tion. The chances are that, considered in detail,

it is not. Mating in this species appears to be

due to fortuities which are determined to a large

extent by local and immediate amounts of rain-

fall. Since in any given month there can be a

wide deviation either above or below the month-

ly rainfall average, these shifts conceivably

could bring about yearly variation. September
and October, 1957, as illustration, showed rain-

fall averages far below the normal means for
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these months. For fifty days preceding the

“rainy” season almost no rain was recorded in

Djakarta. This extended dry interval could have
hindered a large number of females from mating
during those two months, forcing them to wait

until favorable conditions arrived with the

northwest monsoon in November. Perhaps in

a year of more normal rainfall, the ovarian

weights and the number of ovulating females,

which were highest at this time, would appear
more constant.

A number of other species are also known to

depend upon heavy rainfall to bring about

breeding, but the causes for this are not alto-

gether clear (Annandale, 1903; Savage, 1935;

Berk, 1938; Alexander, 1932; Kirtisinghe,

1957). It is possible, as pointed out by Holmes
(1927), that during warm dry weather the body
temperature of a toad would be lowered and
activity thereby diminished by rapid evapora-

tion of body fluids. During an extended period

of drought as much as 50% of the body might

be lost in this way without causing death. The
onset of rain would, by raising the body tem-

perature and increasing metabolism, be expected

to stimulate activity.

It is questionable whether heavy rains cause

Javanese B. melanostictus to seek water pri-

marily to breed. The nature of the climate is

such that even a few days without rain can

bring about unsatisfactorily dry conditions for

a toad, and rainfall might only stimulate them
to migrate to water to replenish their depleted

body fluids. This possibility is pointed up by the

fact that both breeding and non-breeding toads

enter the water after a rain. Male and female

toads deprived of water and kept under dry

conditions in the laboratory for as short a time

as three days invariably, when given a dish

of water, went directly to it and sat in it for

some hours. After a few days with lessened

rainfall a similar need to replenish depleted

body fluids may occur in nature. It is estimated

(Schmidt & Ferguson, 1952) that during a

month in which the amount of rainfall in Indo-

nesia drops below 2 inches, evaporation with-

draws more water from the soil than is provided
by precipitation. These periods, especially if ex-

tended, would undoubtedly have desiccating

effects on toads, but in spite of this one heavy
rain v/ould be enough to bring them out to

replenish their body fluids in the newly flooded

pools and ditches.

The urge to relieve partial desiccation may
be strongly compelling. In a small pool enclosed

with a three-foot wire fence close to the labo-

ratory, toads were observed on a number of

occasions climbing the fence to enter the pool

during a rain. Not all of them were in breeding

condition, although eggs were frequently found
in the pool after the migration. It would appear

that, having entered the water primarily to

regain their water balance, mating occurred

secondarily. At any given time some female

toads are ready to mate, and the testicular find-

ings show that there is always a majority of

males available in suitable condition to mate
with them. That they can hold back from mating

throughout dry weather without ill effect indi-

cates that the process is flexible and not gov-

erned by immediate necessity. The longer the

dry period prevailed to keep the animals on

land, the greater would be the number ready

to mate when a rain finally came.

Mating, when it does occur, apparently pro-

ceeds indiscriminately. Males have been found

in amplexus with females with immature ovaries,

and at other times they have been found on

land clasping unripe females which presumably

have just leit the water. During the time males

and females are in the water together, some
males may be stimulated by the presence of a

gravid female to clasp any female available and

to discharge some of their sperm. It is commonly
known that frequently many male urodeles as

well as anurans will clasp the same female, and
male Rana fusca that were unsuccessful in find-

ing a mate have been observed climbing over

and through egg masses and discharging sperm
over them, apparently stimulated to do so by

the egg masses themselves (Holmes, 1934). If

male melanostictus were similarly induced to

discharge their sperm, either by the presence

of a gravid female or by newly-laid eggs, it

would account for the large percentage of testes

examined which were partially evacuated. On
the other hand, one would expect the testes of

males after normal amplexus to be emptied
of sperm. The testes of a group of males, ex-

amined after amplexus and successful spawning
of the females in the laboratory, contained

tubules which were almost completely devoid

of spermatozoa (Plate I, D).

No ready explanation can be found to account

for the increased number of females ovulating

or ready to ovulate collected during the time of

the full moon. Lunar periodicity is of course

well-known among the invertebrates, and re-

cently Harrison (1952, 1954) has postulated

a “moonlight effect” to explain the more fre-

quent occurrence of conception in four species

of Malayan rat at some part of the lunar month
than at another. In other vertebrate forms, of

all the external stimuli known to exert an in-

fluence on reproductive cycles, light and photo-

periodism have been demonstrated to be most
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definitely influential (Rowan, 1938) and it may
be the increase in light at the time of the full

moon which is working here.

Parker (1903), Torrelle (1903) and Pearse

(1910) have shown frogs and toads to be sen-

sitive to light intensity and color even when
blinded, their forebrains removed and their optic

nerves cut; and March (1937a, b) has demon-
strated with experimental irradiation that light

may play an important part in regulating the

breeding cycle in various temperate zone Am-
phibia. Church (unpublished) has found evi-

dence that Rana cancrivora is perhaps also

influenced in its reproductive behavior by the

lunar cycle, although in this case by a negative

phototropism; and data collected by Church
(unpublished) in Bali on B. biporcatus indicate

that this species, like melanostictus, is also more
active in its breeding habits during the time of
the full moon.

It appears possible that the increased light

at the time of the full moon, which is consider-

able in the tropics, might be at least partially

responsible for bringing about an increase in

breeding activity in B. melanostictus, but further

investigation of the problem is needed before

definite conclusions can be drawn.

Summary

1. Under the constant climatic conditions of

West Java, Bufo melanostictus Schneider is able

to reproduce throughout the year. The variation

from year to year in monthly rainfall, however,
probably causes local and immediate shifts in

the reproductive pattern.

2. Within the yearly cycle which is determined
by rainfall, there is also a monthly rhythm in

ovulation which follows the lunar cycle. More
females which were ready to ovulate or had
just ovulated were found during the time of the
full moon; in the males there appear to be in-

dividual sex cycles, uncorrelated with the annual
or lunar cycles.

3. In many cases mating may occur sec-

ondarily after the animals have migrated to

water after a dry period to replenish body fluids.

4. The contents of the stomach show that

there is an unending food supply available

throughout the year.

5. The fat bodies are insignificant in size in

both males and females.

6. There is no inactive period of hibernation

for either males or females.

7. In the females the ovaries can equal 30%
of the gross body weight; there is no significant

difference between the weights of the two
ovaries; three generations of eggs can be found

in a mature ovary; and the size of the oviducts

increases as the oldest generation of ovarian

eggs matures.

8.

In the males the average absolute weight

of the testes is 0.2% of the body weight; there

is no significant difference between the weights

and dimensions of the two testes; sperm in all

stages of development can be found in some
testicular tubules at all times; the first two fingers

bear black nuptial pads throughout the year and
the redness under the chin is also retained per-

manently; Bidder’s organ was present in all

males examined; and there was a variation in

the number and position of vocal slits.
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EXPLANATION OF THE PLATE

Plate I

A. Mature tubule with spermatozoa still attached tubular lumina. (app. 75X).
to Sertoli cells (app. 250X). c. Recently evacuated testis (app. 75X).
B. Testis in which spermatozoa are free in the d. Testis immediately after amplexus (app. 75X).
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