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MYRMECOPHILISM.

BY WILLIAM TRELEASE, ST. LOUIS, MO.

[Address of the retiring president of the Cambridge Entomological Club, I January 889.]

It is customary in some circles for a for the most part protective, in that they
president’s address to consist of a gener- form a coating over young parts in the
al r6sum6 in some line of scientific work. bud, which prevents drying or other
I have availed myself of this opportunity injury or they prevent the access of un-
to review the more important literature
on a branch of biological work which has
long possessed an unusual degree of in-
terest for me,Dnamely, the mutual re-

lations, amounting in some cases to
symbiosis, existing between ants and cer-
tain members of the vegetable kingdom.
Such a forced review is profitable to
the writer, and it may be of interest
to the body befi)re which it is read;
but it by no means follows that it has
scientific value, for each worker must
perforce go back to original sources for
information needed in his own researches.
Quite naturally, I have treated the sub-
ject from a botanical standpoint, since,
with the exception of certain acquired
habits, the specializations are chiefly
such as fit plants to profit by the visits
of ants to their vegetative or fruiting
organs.

I. TIlE FUNCTIONS OF EXTRA-NUPTIAL

NECTAR-GLANDS.

The chief sorts of glands situated on
the surface of plants or opening super-
ficially, are divided into colleters and
nectar-glands, according as they secrete
resinous, mucilaginous, or gummy sub-
stances in the one case, or sugary fluids
in the other. The first are apparently

bidden guests to the flowers or fruit, or
deter vegetable feeders from making an

onslaught on the parts which bear them,
---in this respect resembling raphides,
alkaloids, volatile oils, etc., within the
plant.* A few such structures serve for
the attachment of fruit or seed to animals
for purposes of dissemination, etc. The
digestive glands of carnivorous plants
may, perhaps, be regarded as derived
from some of the numerous types of col-
leters, and the foliar nectar-glands of
many plants are pretty clearly homolo-
gous with the serration- and other col-
leters of the same and related species.
Typical colleters are, therefore, chiefly
protective, and there is good reason for
believing that many of them have been
evolved for preventing the access of ants
to the flowers of plants, where, almost
without exception, the presence of these
insects works mischief.

Nectar-glands, on the other hand, are
of indirect use by attracting suitable pol-

For a recent discussion of the protection of
plants, especially from the attacks of snails, by col-
leters and other deterrent structures, see an elaborate
paper by Stahl in Jenaische Zeitschrift ffir naturwiss.
und medicin, xxii.--reprinted under the title "Pflan-
zen und schnecken," Jena, x888.Abst, in Bot.
centralblatt, 888, v. 36, p. x64-x7o.
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linators to the flowers, by luring prey to
the digestive apparatus of some carni-
vorous plants, or by maintaining upon
the plant a body-guard of pugnacious
insects, which more or less efficiently
protect it against certain of its enemies.

Since the time of Sprengel (29)
it has been well known that many flow-
ers contain glands which secrete nectar
as a source of attraction to insects able
to cross-pollinate them. The occurrence
of this fluid was known long before his
day, but its use was either not investi-
gated, or misunderstood. Indeed his
keen insight into its raison d’etre was

scarcely appreciated for three-quarters
of a century, until Mr. Darwin took the
subject in hand in his classical work on

the pollination of orchids. To-day, how-
ever, Sprengel’s views, cleared and
somewhat broadened, and carried into a

thousand little details that he had not
followed out, are contested by very few
persons. So far as our purpose is con-

cerned, nothing further need be said of
floral nectar, since the structure and
habits of ants are such as to practically
debar them fi’om any important r61e in
pollination. In fact entomophilous
plants usually teem with devices for pre-
venting their access to floral nectar,
for which, very naturally, they have a

great liking.
The relation of extra-floral nectar to

the fructification of plants was, I believe,
first clearly pointed out by Delpino,
(6, 86), who coined the terms "nup-
tial" and "extra-nuptial" to indicate on

the one hand that which attracts polli-
nators, and on the other, that which is

of no value in this respect. These
terms are much less objectionable than
"asexual" and "sexual," the former of
which has recently been used by Kny
(13) as synonymous with extra-nup-
tial. \Vith nuptial nectar secreted out-
side the flower, we have quite as little to
do as with that secreted within it, for the
reasons already indicated; but the sub-
ject of extra-nuptial nectar and its rela-
tion to ants, is deserving of a much fuller
discussion than can be given to it here
without going into details to a tiresome
length.
Without an undue amount of search-

ing, I cannot say when or by whom it
was first observed that certain flowers
produce nectar outside of their flowers
but it has certainly been known for a

long time. Hall, a pupil of Linnaeus,
had seen the extra-floral glands of various
plants I, 266). Krfinitz (4), whose
work I know only from references
in Sprengel and elsewhere, observed
bees at the stipular nectaries of gicga,
over a century ago, and similar obser-
vations had undoubtedly been made, if
not heeded, even earlier. But the first
careful investigations into organs of this

sort, and their secretions and uses, were
made simultaneously but independently
by Delpino (6 and 7) in Italy, and Belt

(2), in tropical America. While
other observers have contributed many
isolated facts to the knowledge of these
organs in the fifteen years since the ob-
servations and conclusions of these nat-
uralists were published, the task of
following up and systematizing the dis-
tribution of protective nectar has de-
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volved upon Delpino (8), whose
evidently thorough studies are now in
course of publication, the results already
printed occupying over I5 quarto
pages.
Broadly speaking, this class of extra-

floral nectar-glands, by their secretion,
attracts to the plants which bear them
hordes of ants (rarely wasps), which
constitute a temporary and changing
body guard, disputing the presence of
all other insects with the exception of
their prot6g6s the sugar-excreting
aphides, coccids, etc., and resisting,
often furiously and effectively, the on-

slaughts of ruminants and other large ani-
mals. That this is a true explanation of
the reason for the existence of these
structures, is generally admitted, today.*
The plants which possess such glands

are phaenogams and ferns, chiefly of the
tropics and subtropics; yet the number
in our own and other temperate floras
is rather surprisingly large.
The ants attracted by extra-nuptial

nectar are mainly the omnipresent, om-

nivorous species. Protection is often
aflbrded against various caterpillars and
other leaf-eating larvae, as Ratzeburg
(24) and others have observed; but
the body-guard appears primarily des-

For general negation of the prevalent notions
concerning nectaries of all sorts, coupled vith good
histological study of many of these organs, reference
should be made to Bonnier’s essay---Les Nectaires--in
Annales des sci. nat., Bot., 879, 8. also published
separately at Paris,which reverts to the theories of
the last century.

It is also to be observed that Kerner Marilaun,
the learned Viennese biologist, quite recently describes
the petiolar glands of PotSulus organs, of absorption
Pflanzenleben, eiS), but without giving
for hisbelief indication that another function

had been previously ascribed to them.

tined to resist the depredations of other
members of their own group,the leaf-
cutting ants,which swarm in tropical
and subtropical regions, and quickly
detbliate plants not provided with this
defence unless efficient service is ren-

dered by colleters or alkaloids, which
prevent the access of these insects to im-
mature and tender parts, or render these
distasteful to them. Delpino was at first
inclined to explain the occurrence of
protective nectar in regions where no

leaf-cutting ants are found, solely with
reference to herbivorous larvae. But
it has been shown several times that
such larvae are permitted in large nmn-
bers on plants provided with a body-
guard of ants attracted by nectar. I
have myself observed this in the case of

Gossypium, which suffers notoriously
fi’om the attacks of Aletia and Hello-
this, although it is unusually well sup-
plied with extra-nuptial nectar that at-
tracts numerous ants which to a certain
but insufficient extent do attack the cat-

erpillars of the moths named. The
same thing is also to be seen on Populus
monilifera in the west and south, where
this tree is subject to very disastrous at-
tacks fl"om the larvae of a chrysomelid
beetle, Plagiodera scripta, and a moth,
Acronycta populi. Careful observa-
tions of the behavior of insects attracted
by extra-nuptial glands, carried through
a number of seasons, and on plants with
differing surroundings, accompanied by
correct ideatification of the insects are

possible to local entomologists every-
where, and are much to be desired.
There seems little reason to doubt
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that these protective adaptations are the
result of natural selection, acting through
the ages of co-existence of plants and
their enemies. I have long felt a con-
viction that the occurrence of extra-

nuptial nectar-glands on so many of our

own plants which are not menaced by
leaf-cutting ants (except in the extreme

southwest), must date back to later
geological periods, characterized by a

warmer climate in northern latitudes,
and by a much greater prevalence of
ants of many kinds than is the case with
us now* and that a corresponding prev-
alence of leaf-cutting or other noxious
ants is demonstrable in these periods.
Unfortunately, [ have never been able
to pursue the subject in this direction,
but the immense collection of fossil ants
in the possession of Mr. Scudder must
furnish instructive data for testing this

opinion, when its treasures shall have
been sufficiently studied to show the
affinities of the prevalent genera of those
times in northern America. That struc-
tures corresponding in position to the
foliar glands of existent species of Popu-
lus were found on tertiary plants, is

shown by their occurrence on P. wlan-
dulifera, Heer (31, p. 29o), but I do
not now remember that they have been
recognized elsewhere.
While, as has been shown, the secre-

tion of food for protective ants is often
rendered superfluous by the provision of
other more direct deterrents, the two
classes of protective adaptation sometimes
occur conjointly. Lundstr6m (6, p.

On this point very instructive note by Mr.
Belt in Nature, i877

83) has shown that the leaves of Popu-
lus which do not possess nectar-glands
are distinguished also by the thinness
and flexibility of their compressed peti-
oles, by which caterpillars, etc. are to
some extent rendered uncertain in their
footholds on these easily shaken leaves.
Delpino and Schimper have also ob-
served the protection secured to Rc/nus
by its smooth and very glaucous stems,
though its leaves likewise bear extra-
nuptial glands.
An aberrant function of the nectar-

glands on the leaves of some pitcher
plants is that of luring to their destruc-
tion, insects which are captured and di-
gested or at least macerated by these
carnivorous plants. From the large
number of ants found in our Sarracena
leaves in a state of nature, this would
seem to be true of species of this group;
for these ubiquitous insects are certainly
led to the orifices of the pitchers by the
sugary secretion on the exterior. In his
latest paper (8, zzT), Delpino holds this
secretion to be protective, as in the
cases already passed in review; but the
opinion which I have here and elsewhere
(3o, 38) expressed, is that of Riley (5,
P" 5), Mellichamp (8, I9), Gray
(o, xtz), and others, some of them
early writers on Sarracenaceae. That
ants are largely victimized by these
plants does not, of course, signify that
the structure of the latter is not such as
to facilitate the capture of larger, flying
insects, which are, in fact, often found
entrapped, especially by the southern
Sarracenias and the Californian Dar-
lintonia.
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Leave cannot be taken of the extra-
nuptial nectar of phaenogams and ferns
without reference to the sugary exudation
which escapes on the emission of sper-
mafia of (fredi,eae. As was shown by
Rthay ( 3/, this is greedily devoured by
ants and other honey-loving insects. But
the service that these render, if any is
rendered, is not clear, since it is not cer-
tain whether the spermatia are spores or
male reproductive cells, though there is
reason for consideringthem to be spores.*
That ants play a considerable part in scat-
tering these bodies is a necessary a priori
conclusion; but it is not so evident how
far the secretion of a sugary fluid is to be
regarded as an adaptation to this end.
It has recently been explained by Lud-
wig (15) in accordance with the Del-
pino-Belt theory.

2. OCCASIONAI, ANT-DOMICILES ON

PLANTS.

Some part of a plant is not infre-
quently tenanted by ants which find
there shelter or food to their liking, but
so far as our own and other temperate
floras are concerned, there appears to
be no adaptation by which the plant is
fitted to maintain or especially profit by
this residence of ants. The heart-wood
of some of our forest trees is often in-
habited in this manner by the large
black ant, Formica2bennsylvanica. On
several occasions I have also found an

undetermined small brown ant nesting
in the old hypanthia of Ca@canthus,
still adhering to the plant, in the botanic

See Ploxvright, managr, of British Uredineae and
Ustilagineae, I889, et se.

garden at St. Louis. No doubt any
close observer of the ways of ants can

add many instances of the same general
character, in which, so far as the biol-
ogy of the plant is concerned, the ants
are merely accidental residents, though
their pugnacity may lead them to resist
the attacks of other creatures whose
presence is distasteful to them.

It is also known that ants sometimes
construct somewhat elaborate nests on

plants. Some cases of this sort are

noted by Westwood (34, 222)and Pack-
ard (2I, 317), and I presume that a

person more familiar than myself with
entomological literature could cite other
references on this subject. Several years
ago I contributed to the Club the gist
of observations on a colony of Crema-
togasler which had erected a nest
over their wards, certain aphides, on a

branch of Andromeda, where they ap-
parently spent their entire time (Psyche,
v. 3, 3I) Similar nests had been ob-
served before by others(Psyche,v. 3,343
and the Minutes ofthe meetings held dur-
ing I883, z). In the case observed bymy-
self the ants appeared to be kept at their
post by the aphides (which they may
themselves have placed upon the plant),
and the shelter was evidently constructed
as much for these insects as for them-
selves. Where ants protect the enemies
of a plant in this lnanner, they are clearly
injurious to it in the first place, though
they may at the same time keep off others
of its enemies in endeavoring to guard
their prot6g6s. The good may even

more than counterbalance the harm done,
and Lundstr6m has suggested that in
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sonle cases aphides may be held as serv-

ing their host-plants in the capacity of
wandering nectaries (16, 84). It is
certain that they are sometimes a stronger
source of attraction to ants than either
nuptial or extra-nuptial glands.

3" MYRMECOPHILOUS PLANTS,
PROPER.

Some of the earlier travel]ers, in de-
scribing their collections, make mention
of the fact that cavities in the stems and
stipules, or pockets on the leaves, of
some tropical plants are tenanted by
ants. This was recorded for Cecropia
as early as 1648 by Marcgravius (17)
and for Acacia in 1651 by Hernan-
dez (l 2). Though scattering observa-
tions of more or less biological interest
occur in the literature of the succeeding
2z5 years, it was not until the early part
of the last decade that these plants re-
ceived careful study. In 1872 Professor
Caruel published a short paper (3)
on species of lfyd,e@hytum and
3frmecodia, two rubiaceous genera
that had been known to harbor ants at
least since the studies of Rumpf in 175o.
The field notes and material for this
paper were obtained from Beccari, who
was led to believe that shortly after ger-
mination the bases of these plants are

pierced by ants (subsequently identified
as species of Crematocaster and Iri-
domyrmex) which tunnel the gall-like
enlargement in various directions, mak-
ing a permanent residence there. The
plants were even thought to die while
quite small if not pierced, though these
attacks might have appeared necessarily

injurious, to another observer. Later
observations by Forbes (9) and es-

pecially by Treub (33) who has
made good use of the unusual facilities
aftbrded by the botanical garden at
Buitenzorg in Java for cultivating tropi-
cal plants, seem to show that this punct-
uring of the stem is not so essential to the
life of the plant as was supposed by
Beccari for in a series of cultures it was
found that n.ot only do young plants and
seedlings develop when removed from
all possibility of ant visits, but the exca-
vations and perforations in their stems
appear spontaneously. According to
Treub, these elaborate structures, which
in a state of nature appear to constantly
serve as domiciles for ants, represent in
reality a highly developed water-tissue,
by which the plant is adapted to its
epiphytic habit. The view that they
are not primarily connected with the
maintainance of a body-guard of ants, is
accepted by Schumann (28, 4I 9) in the
last extensive study of myrmecophilous
plants that I have seen, so that what
have for years passed for ant-plants
par excellence, seem likely to lose
even a subordinate position in the grow-
ing category of plants of this class. Yet,
as it seems to me, granting the full ac-
curacy of Treub’s observations, it by
no means follows that the curious struc-
ture of Myrmecodia and related rubia-
ceous plants is not to be looked upon as
an adaptation for providing a body-guard
of ants with lodging; and it has been
abundantly proved that they are ready
to fight whenever they are disturbed in
these residences.
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At about the time when Beccari was

making his first observations on these
Malayan plants, Belt (2) was en-

gaged in a similar study of the bull’s-
horn Acacia in tropical America, and
here, as in the case of extra-nuptial
nectar, the credit of having first recog-
nized the protective signification of the
structure, is shared by Belt and Delpino
(6, 9 ). As a result of his studies and
those of Francis Darwin (5) and
Schimper (27) it seems to be defi-
nitely settled that in the spongy enlarged
stipular thorns of several species of
Acacia, certain ants find shelter, and
are kept upon the plant by a sugary
secretion similar to that which attracts
wandering ants to so many other
species of this and other genera, while
in highly nutritious bodies at the tips
of the leaflets is to be seen a further
food-supply,--the three provisions secur-
ing their permanent residence.

Cecroitia pellata and some other spe-
cies of the genus are also known, thanks
to Fritz Mueller (9), Francis Darwin
(5), Schimper (27) and others, to
produce upon their petioles food-bodies
that are likewise eagerly gathered and
eaten by ants, which inhabit the
hollow stems of these species. Ouite
recently Schimper(27) has shown that
in C. aden@us an unmistakable pro-
vision facilitating the entrance of the
ants, exists in a thin soft spot observable
on each internode of the hollow stem,
a fact which was indicated in 876 for
the Imbauba, by Fritz Mueller (4).
The number of species that may be

classed as truly myrmecophilous, in that

they aftbrd lodging, sometimes accom-
panied by a provision of nectar or solid
food, or both, calculated to maintain
upon them a permanent army of ants,
is already large. All are, so far as I
know, phaenogams, but they are distri-
buted through widely separated orders
in this group. To Beccari, more than
to any other single naturalist, is due the
credit of having systematically under-
taken their study in the field; and few
biologists have published their observa-
tions so sumptuously as his appear in
the volumes of his "Malesia." Unlike
the plants with simple extranuptial nec-
tar, these symbiotic plants often show a
restriction in the species of ants which
frequent them. And it is interesting to
observe that closely related species some-
times inhabit myrmecophilous plants of
widely separated regions.* Time will
not permit me to enter into a more de-
tailed discussion of the many cases of
proved or probable symbiotic myrmeco-
philism, but enough has been said to
show that on the one hand myrmeco-
philous plants join closely to those which
provide food for a body-guard of ants
which they do not furnish with a resi-
dence; while on the other hand they
offer equally good transitions to those
more or less constantly inhabited by ants
which must seek their food from other
sources than special secretions or deriva-
tives of the plant. While both of these
classes are represented in temperate
climates, it is suggestive that the most
highly specialized cases of myrmeco-
philism are not known to occur out-

Cf. Schumann, I. c., p. 4x6.
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side the tropics, where, as the obser- therefore, be worth while to note that
vations of Belt, Fritz Mueller, and Lundstr6m holds acaro-domatia for
others show, plants that do not possess slightly specialized mostly hereditary
some special and effective means of structures that serve as a shelter for
repulsion or defence are quickly stripped various mites, which benefit the plant
of their foliage, and where, from a per- by clearing its leaves of fungus spores
sistance of this danger since the cooling which may fall upon them, and by con-

of higher latitudes, natural selection tributing to their nutrition carbonic acid
has been kept in operation after it ceased from their own respiration, as well as

to work great changes in this respect their excrement, exuviae, and, ultimate-
elsewhere. _/ks might be expected, myr- ly, their dead bodies. While this ex-

mecophilism in the more restricted sense planation appears far-fetched to most

may be replaced by other protective biologists, it is not unlike that applied
devices; and Schimper (27)has in fact by Beccari to the myrmecophilism of
shown that a tropical American species 3ryrmecodia, the ant-inhabitants of
of Ceczoia is enabled to dispense with which are thought to contribute to its
the body-guard needed by its relatives, nutrition in a similar manner. What-
through having very glaucous stems, ever the value of his hypothesis may
over which leaf-cutting ants cannot climb be, it must be conceded that the Swedish
to its foliage, botanist has brought together about

In 1887, a rather remarkable paper them a large series of little known and
(16) was published by Lundstr6m, unexplained structures, which can
of Sweden, in which the hairy nerve- scarcely be looked upon as insignificant
axils on the lower leaf-surface of oaks by the present school of utilitarian biol-
and other woody plants, the pits simi- ogists.
larly situated on the coffee plant, etc., In closing, attention should be called
and a variety of other structures, were to the relations of ants to the seeds of
described under the name of domatia plants. It is well known that in warm

(diminutive of ,;, a house). The countries some ants carefully and syste-
greater number of these are held for matically harvest the fruit of species
mite-domiciles (acaro-domatia), but it which are to their taste, and itwould ap-
appears as ifa fairly good series might pear that they also take some agricultu-
be made from the simpler acaro-domatia ral interest in the welfare of these plants.
to some of the more specialized pockets While this indicates a high grade of
of leaves (myrmeco-domatia) inhabited care for the food-producing species, the

by ants, that have especially been de- benefit to the plant is that which a
scribed by Schumann (aS). If this cultivated crop receives from the self-
is true, a plausible explanation of the interest of man in its preservation and
one, when reached, may throw light propagation, without in any way ap-
upon the origin of the other. It may, proaching symbiosis.
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The resemblance of some seeds or
fl’uits to different kinds of insects or

other arthropods has several times been
commented on. Perhaps it is still an

open question whether or not this is
mimicry, but it has been so regarded by
a number of naturalists, being held in
some cases to secure dissemination by
insectivorous birds, etc., and in others
to render the detection of the seed by
graminivorous birds, difficult. Sugges-
tions are not wanting that in some of
these resemblances, and some other
seminal peculiarities, adaptations exist
for securing dissemination through the
agency of ants’. Mr. Charles Robert-
son tells me that the arils of Sanui,z-
aria seeds possess an attraction for ants,
which drag the seeds off for consid-
erable distances. I cannot say whether
they finally eat these fleshy appendages.
According to Lundstr6m (6, 79),
Zelampyrum seeds resemble ant pupae
in size and form, and, as he believes, in
odor also, to such an extent that ants
are deceived into caring for them as if
they were their own pupae, until the
mistake is discovered. Mimicry, such
as he suggests, is a very difficult thing
to prove to the satisfaction of unbiased
biologists, but observations cited by him
would seem to show that unusual atten-
tion is really paid to these seeds by ants
which do not subsequently make use of
them for food. The bracts of some spe-
cies of this genus bear extranuptial nec-

tar-glands, which R8thay (zz ), who
studied them carefully, could not ex-

plain by the protective theories of
Delpino and Belt, or Kerner, though

they are visited by ants. As the latter
are thus attracted close to the fruit,
Lundstr6m suggests that the office of
these nectar-glands may stand in close
relation with the supposed mimicry
observed in the seeds, but this entire
subject, while full of suggestion, is still
in need of careful and comparative
study.

REFERENCES.

This list ofpapers mentioned in the preced-
ing pages makes no claim to completeness.
Many references to contributions as important
as some dfthese might have been added, but
the student who examines those that are cited
here will find in them references to all that
has been pablished elsewhere. A rather re-
cent and very useful bibliography, although
it is not complete, is that of Huth,Myrme-
cophile und myrmecophobe Pflanzen, Berlin
1887,as no. 7 of his samnlung naturwiss-
enschaftlichen Vortriige.

I. BECCAR1, O, Piante ospitatrici ossia
piante formicarie della Malesia e della Parua-
sia. "Malesia," 1884, fasc. and ; 1885,
fasc. 3. A very full abstract in Engler’s Bot.
jahrbticher, 1886, v. 7, P" 51-72.

2. BELT, T. The naturalist in nicaragua,
London, 1874.

3. CARUV:L, T. [llustrazionedi una Rubi-
acea del genere Myrmecodia (Nuovo Gior-
nare bot. Ital. 1872 v. 4, P. 17o). Includes
quotations from Beccari’s manuscript notes.

4. DARWIN, C. Fritz Mueller on Brazil.
Kitchen middens, habits of ants, etc. (Na-
ture, 1876, v. 13, p. 304-5.)

5. DARWIN, F. On the glandular bodies on
Acacia skaerocebkala and Cecrohiajbeltata
serving as food for ants. With an appendix
on the nectar-glands of the common brake
fern, Pteris aquilina. (Journ. Linn. soe., Bot.,
v. 15, p. 398-4o9.)

6. DELPINO, F. Ulteriori osservazioni
sulla dicogamia nel regno vegetale, . fasc. 2,



180 1SYCI-t1" February--March x889.

Milan, t874, from Atti soc. Ital. sci. nat. in
Milano, v. 16. Some copies erroneously dated

187 on the title page.
7. DELPINO, 1’. Rapporti tra insetti e tra

nettarii estranuziali in alcune piante. (Boll.
della Soc. entomol, in Firenze, 1874, v. 6.)

8. DELPIO, F’. F’unzione mirmecofila nel
regno vegetale. Prodromod’una monografia
delle piante formicarie. (Memorie della R.
accad, delle sci. dell’ Istlt. di Bologna, set. 4,
1886, v. 7, P, 215"323; v. 8, p. 6Ol-65o.)

9. FORBES, H. O. A naturalist’s wander-
ings in the Eastern Archipelago. A narrative
of travel and exploration from 1878-1883-
London and New York, 1885.

lO. GRAY, Ash. The botanical text-book,
sixth edition, Part x, Structural botany, 188o.
References to Dr. Gray’s writings on carni-
vorous plants will be found in the fully in-
dexed list of his writings, in appendix to
Amer. Jour. Sci. v. 36.

11. HALL, B. M. Nectaria F’lorum. Lin-
naeus’ Amoen. 1762, v. 6.

I2. HERNANDEZ, F. Nova plantarum
regni mexicani historia. Rome, 1651.

13 KNY, L. Die Ameisen im dienste
des gartenbaues. (Gartenflora, v. 36.)

14. KRUNITZ. Oekonomische encyclo-
ptdie, 1783. iv. 663.

15. LtrDWlC, . [review of Delpino, no.

8.] (Bot. centralblatt, 1888, v. 35, P. 236.)
16. LUNDSTR6M, A. N. Pflanzenbiolo-

gische studien, 9.. Die anpassungen der
pflanzen an thiere. Upsala, 1887.

17. V[ARCGRAVIUS, G. Historia rerum nat-
uralium Brasiliae. Amsterdam, I648.

18. MELLICHAMP, J. H. Notes on Sarrace.
nia variolaris. (Proc. Amer. assoc, advi. sci.
1874, v. 23, Nat. hist., p. 113-133.

19. MUELLER, F’RITZ. Ueber das haarkis-
sen am blattstiel der Imbauba. Cecrohia.
(Jenaische zeitschr, f. naturwiss. 1876. See
Just’s Bot. jahresbericht, 1876, part 2, p. 946.)

20. MUELLER, F’RITZ. Die Imbauba und ihre
beschfitzer. (Kosmos, 1879 v. 8, p. lO9-116.

21. PACKARD, A. S. r. Half hours with
insects. Boston, 1877.

22. R%THAY, E. Uebernectarabsondernde
trichome einiger Melampyrum-arten. (Sitz-
ber. K. akad. der wiss. zu Wien.mAbth. I.

Feb. 188o, v. 81.)
23. R,THAY, E. Untersuchungen tiber di,

spermogonien der rostpilze. (Denkschr.
Kais. akad. der wiss. zu Wien. (Math.-nat-
urwiss.-klasse, 1882, v. 46.)

24. RATZEBURG. Die forstinsekten, 1844,
v. 3, P. 42 45. See also the other works on

forest entomology by the same writer.

25 RILEY, C. V. On the insects more
particularly associated with Sarracenia vari-

olarisspotted trumpet-leaf. (Proc. Amer.
assoc, adv. sei., 1874, v. 3. Nat. hist., 18-
25.)

26. RUMPF(RuMPHIUS), G.E. Herbarium
Amboinense 3o. Amsterdam, I75O, v. 6.

27. SCrlIMPR, A. F.W. Die wechselbe-
ziehungen zwischen pflanzen und ameisen
irn tropischen Amerika. Jena, 1888. As
Bot. mittheilungen aus den tropen, no. I.

28. SCHUtAI, K. Einige neue ameisen-
pflanzen (Jahrb. ffir wiss. bot., 1888, v. 19, p.
357-42.)

29. SPRENGEL, C.K. Das entdeckte ge-
heimniss der natur im bau und in der be-
fruchtung der blumen. Berlin, 1793.

3O. TRELEASE, W. Nectar, its nature, oc-

currence, and uses. (Comstock’s report on
coton insects. U.S. Dept. Ag. Washington,
188o.)
3. TLAsE,W. The foliar nectar glands

of Poibulus. (Bot. gazette, 188t, v. 6, p. 284-
290.)

32. TREUB, M. Sur la Myrmecodia echi-
nasa, Gaud. (Extr. et Ann. du Jard. bot. de
Buitenzorg, I883,v. 3, P. 129-16o.) See Gard.
chron., 1883 n. s. v. 20, p. 71.)

33. TROB, M. Nouvelles recherches sur
la Myrmecodia de Java, h//. tuberosa, Becc.
(Ann. du Jard. bot. de Buitenzorg, 1888, v. 7,
p. 191-213. See Bot. centralblatt, 1888, v. 25,
295-6.)

34" WESTWOOI, J.O. An introduction to
the modern classification of insects. London

184



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Anatomy 
Research International

Peptides
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation 
http://www.hindawi.com

 International Journal of

Volume 2014

Zoology

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Molecular Biology 
International 

Genomics
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Bioinformatics
Advances in

Marine Biology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Signal Transduction
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Evolutionary Biology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Biochemistry 
Research International

Archaea
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Genetics 
Research International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Advances in

Virolog y

Hindawi Publishing Corporation
http://www.hindawi.com

Nucleic Acids
Journal of

Volume 2014

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Enzyme 
Research

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Microbiology


