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Externally Secreting Clands of Freshwater and Sea Turtles
Joar G, EHRENFELD Axp Davio W, EHRENFELD

The axillary and inguinal glands of the sca tartle Chelonin mydas, and
the freshwater turtle Sternotherus odoratus, were studied using light micro-
scopic and histochemical rechniques, These externally secreting glands are
remarkably similar in the two species. They consise of holocrine lobules
sutrvunded by a thick capsule of ariated muscle. Within each lobule large
eells arise from an epithelinl layer and produce droplets of a secretion
product, The secretion material in both species containg a PAS-paositive,
provein-rich, non-acidic substance. Tn 5, sdoratus, additional cells, elabo-
rating droplets of froe lipid, are present. We propose that these glands in
turtles be named "Rathke’s plands,” after their discoverer,

Te is likely that Rathke's glands are homologous stroctures within the
order Testudines. Their sceretion product probably functions s g defen-
give substance to ward off predators; however, other [uncilons in intra.
species communication cannot be ruled ont,

ANY wurtle species bave large inguinal
and axillary glands which are externally
secréting. These glands have received litde
artention, and in no case bas their morphol-
oy besn describeed adequately, or has their
funcion been studied,
Integumental glands are found 1 all four
o ovders of reptiles (Gabe and 5 Girons,
1965 Gadow, 1923; Quay, 1972, Glands of
the Crocodilia are located under the skin of
the back, below the seoomd row of sales from
the midline, and aleo in the threat region
(Foese, 1920, 1921); those of lizards are sub-
femoral or preanal (Gabe and 5. Girons,
1965; Cole, 1966}, and those of makes are
nucho-doreal (Smith, 1988} and anal. These
glands have mostly been described as holo
cring (Gabe and St Girons, 1965 Quay,
1975}, but some workers have given descrip-
tiond of a tbular merphology (Cole, 1966).
Inguinal and axiflary glands are common
among turtles, having been r{pnn:cd inn all
fumilies excepe the Testudinidae (Loveridge
and Williams, 1957; Gadow, 192%; Deraniya-

gala, 1939: von Eggeling, 1931; Peters, 1848),
The glands were first described by Rathke
(1848} just prior wo the comparative stody
by Peters (1B48). Since then, their develop-
ment has been studied  (Stromsten, 1917;
Zangerl, 1941}, and the location of the gland
pores has heen nsed ag a taxonomic charac-
ter (Deraniyagala, 19390, We suggest that
the inguinal and axillary plands in tortles
be calted Rachke's plands.

With the current interest in  chemical-
mediated  communication in aquatic verte
brated (Schenk, 1968), the study of the struc-
ture and function of Rathke's glands as-
sumes a new significance. In this paper, we
compare glands from two distantly related
turtles, the green sea turtle (Chelonis mydas
Linnacus) and the musk wurtle (Sternotherus
odoratus Latreille). In the case of C. mydas,
behavior provides no obvious indication of
Fland function; in the case of 5 odoraiur, a
defensive funcrion is presumed in view of its
habit of seereting malodorous musk whenever
handled. We have studied these glands to
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determine whether their morphology  and
histochemistry are consistent with a function
i intra or INEErspecics communication.

METHODS

Eight immature green wireles of both sexes
were used in this study; thess were hatched
from egps collected at Tortuguers, Costa
Rica. Two adult female and four adult
male 5 odoroins were oollected at Pomana,
Mew Yook, The axillary and inguinal glands
from all furtbes were excised and preparved
for light microsopy by overnight [ixation in
San Felice's fixative (Humasan, 1962} or in
1EE neotral buffered formalin, [ollewed by
dehwdration in -butanol and embedding in
paraffin, The weight of cach turtle and the
wet weights of the glands were recovded,

Histological and histochemical  properties
were determined by wse of the following
atains: 1) Generpl histology. hematoooplin
and eosin, Mallory's connective tisue sain;
2y Proteins.  ninbydrin-Schiff, naphithol yel-
low & 3 Carbohydrates.  periodic  acd-
Schiff (PAS), I'AS afrer acerylation and afier
aaliva, methylene blue extinction, alcian
hiue-PAS, metachromasy with sulfation, col-
lodddal jron-PAS, toluidine blue (Monagna,
et af, 1951); 4 Lipids, Swdan Black B {all
of above in Thompeon, 1966 and Rarka and

1973,

plasiron of Chelonin mydas. A, Tuarile with pores in axillary (n)

Anderson, Iﬂﬁﬁ}. In addition, oneamwicron
sections  staimed  with  Richardson's  stadn
(Richardson, et al,, 1960) were faken from
material fixed in Karnovsky's fixative [Karn.
ovsky, 1968 and 29 osmium cerroxide, and
cmbedded in Epon.

A single axillary gland from a threcmonth-
old ridley mrtle, Lepidachelys olivaces Esch-
schaliz, from Surinam. which had been stored
in cocodylate-buffered 2% pluaraldebyde for
a vear, was available for histological stusdy.
Tliis material was not snitable for histechem-
tcal .'||1u.|1l.':i5; however, slides stained  with
hemaroxylin and cosin were examined for
i||is|:|:|5|:.\g.i|::|'| orgarimIinn.

ResoLTs

Chelonia  mydos,—Rachke's glands are  To
cated along the angle formed by the cara-
pace and plastron, and are outside the peri-
tongum. The anterior glands are largest and
lie below the dth and 5th marginal scuses;
cach ¢mpdies by means of o duct that mns
through the plasiral axillary scute (Fig, 1A%,
The glands are tightly applied w the plasiron
dircely internal to the duct opening (Fig, 2,
A small gland lies just anterdor te cach main
axillary gland and empties through a sepa-
Fabe pore in a scute anterior to the axillary,
Smaller posterior (inguinal) glands lie bebow
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Fig. 2, Ddagmem of an axillary pland from
Chelomia mydos. The gland s ghown disseceed
to ilfustrate the relative positions of the secye-
tory lobules (al), muscle sheath {m), and cara-
page (e} and plagtron {p),

the eighth and ninth marginals and empry
through ducts in these scutes. All glands are
marphologieally and histologically identical,
The duct aperture for cach gland Appears on
the external surface as o gie-like opening, [t
ts never closed by a plug or membrane and
it is lined by simple epithelium. Occasional

muscle; e, cpithelial eell: s, secrerory cell;
cells, Richardsens stzin. (608w

Fig. 3. Crossection of a representntive lobule from
v BeCrethon droplet; ¢ connective tisoe; degenerated

807

individuals possess supCrnumerary auxilinry
glands and scutes along the junction of the
carapace and plastron (Fig, 1B). Thee aro
histologically identical o the main glands,
about 3 mm in diameter, and void through
ducts in the inframarginal scutes. These
glands are variable in number, TANZINE on
each side from zero o foor (the oumber of
infra-marginal scutes on each side), and there
is never more than one pland per scota,
Thelr ductile openings may be contained in
small extra scutes derived from the infra-
marginals, The secretion is white, and has a
faint odor when relensed from the excised
glaind,

The glands are large: in a six-month-old
turtle (carapace 15 em long) an anterior
gland may measure more than 1.5 em fonyg
by & mm wide, and weigh 0.5 gut. The four
glands of this tmrile together ranged from
0.5 to 0.7 percent of the body weight, Varda.
tions obhserved in the entire sample did not
seem correlated with age or sex. Wil

A Chelonia mydas gland, sm, striated
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Flg. 4. Dizgram of cell types in n Rathke's gland from Chelonia mydas. Labels as in Fig 5

variation was probably the result of both
natuml variance in E{:mr] size amd logs of
secretion material during  dissection. The
anterior glands were largest, tanging from
two to five times the weight of the posterior
slancs,

The gland consisis of a serics of secretory
lobules embedded in a thick capsule of
striateédd musele (Figs. 2, 3. Each lobule is
further partitdoned by connective tissue in-
vaginations. Lobules empry direcily inoo
ducts in the central portion of the ventral
surface, but there is no tubule syitem to cone
vey the secretory product to the duct. A thin
connective  tissae  sheath  completely  sur
rounds each lobule and contains a moderate
number of blood vessels, Surmrounding this
sheath are bundles of muscle fibers, oriented
in all planes arcund cach lobale.

The secretory unit, encased in muscle and
conbective tsue, 15 condtructed of two Lypes
of cells, epithelial and secretory (Figs. 8, 4,
5y, Lying internal to the connective tissug
is a single layer of epithelial cells with a
well developed basal lamina, These cells
average 6 j wide and 10 4 long, and contain
large nucled. They do not form & continwous

sheet on the connective tissee, and in a few
reginds, the differentiated secretory cells can
be spen lying on the basal lamina between
two epithelial cells or extending to the basal
lamina through a narrow space between two
epithelial cells.

The i.-.p:ilJn]iaI cells have a small amounnt
of cytoplasm which s slightly basephilic,
gives light background staining in the PAS
reacrion (which is climinated by acetylation),
and contains no demonstrabls acid muoco-
polysccharides or lipid other than phospho-
lipid. The tests for protein also gave light
'I:-.urtgrmmci srnining.

Secretory cells producing large secretion
dropless form the bulk of the cellular por-
tionn of the lobule (Figs. 5 and 4 are repre-
sentative of lobule movphology). They are
J.ira:r.. a\'urngill.g k11 T l.-n-ng h].' 14 P~ wide.
There are several sirata of cells, and near
the lobule center the cells undergo degen-
eration. The cytoplasn of the seaetory cells
stains I'J.IEEPl:ll for hasic |.'I.1l,lus andd apprars
granular [Fig. 4). The cyproplasm of each
cell surrounds yvacuolated areas and secretion
droplers of various sives, including at Jeass

ong Inrge droplet averaging ¥ u in diameter
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basa

and ranging up to 19 . Secretory cells are
of smilar size and shape thronghout  the
lobule; cells more distal from the epithelial
layer have a slightly decreased amount of
cytirplasm and an increased number of drap-
fets. Lobules are often seen with thres or
four layers of secretory cells and an empey
lumen; it is probable that this represents a
postsecretary comdition. The cytoplasm of
these cells has the same seaining character-
istics as the epithelial colls, butl sains more
intensely. All PAS-positive staining was abol-
ished by aceryladon bue not by saliva, and it
was restored by treatment with 0.1 N KOH.
Methylene blue ssaining began at pH 3.6 in
the cytoplasm. Prodein was present in larger
amownts than in the epithelial cells. No lipid
or acid mucopolysaccharide was detected.
The secretion droplets stained similarly:
they contained a mucoprotein with no acidic
groups demonstrable by ehe technigues we
wsee. They stained with methylene bloe a
pH 46 Differences in staining intensity
were attelbuted o partal elution of the

Hf’ }i Section through edge of lobole of Chelonia mydat.  Armow Indiales secre

mina, . vaciolated arens: siher kabels as in Fig. 9. Richardon's sain, [EFTH;{].

eell an

droplet material during [ixation, but no
qualitative diffevences were found.

In the center of each lobule beyond the
layers of secretory cells lies a mass of discrete
globules of secretlon product surrounded by
bits of cyteplasm, membranes, and nucls
(e Fur 3. Pyknote nuclei are often scen,
but some nuclei retain an open-faced ap-
pearance. An acellular mairix surrounds the

neclel and fres droples,

Sternothenis odoratus—Gland  morphology
in this turtle i3 remarkably similar to that of
the green turtle, Glands beneath the anterior
and posterior edges of the plastral bridges,
vodd secretory products through the axillary
or inguinal pores. The four glands comprise
approgimately 0.1% of the body weight
They are histologleally identical and similar
in stze, Each gland is composed of a single,
Iarge unit about 1 mm in diameter and 4 1o
5 mm long. which is encircled by a sheath of
striated musche with a thin layer of connee
tive tissne hetween the Becretory portion and
the muscle (Fig. 6. The lumen of the gland
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Fig. 6. Crosssection of represeniative gland of Sternotherus odoratus. b, blood vessed; other
Labels as in Fig 3. Richardson's sinin. (o)

narrows to form & duct at the midpoint of
the gland, on the veniral surface. The secre-
ton marerial is yellow, and has a disagree-
able odor,

The secrerory portion of the gland @ com-
posed of three cell types; there are small
epithelial cells and lavge seoretory cells elab-
orating large droplets of nonlipid material,
ag in C. mypdog, but unlike ©, mypdns, there
are cells containing many small lipid drog-
leis (Fig, 7). The epithelial cells lie on 2
basal Lumina over the conmective  tissoe,
They are about 15 4 long with large nuclei.
The cells are similar o those in . mydas in
paucity of cytoplasm. light background stadn.
ing for protein and PAS-positive carbo-
hydrate, and absence of staining for lipid or
acid mucopolysaccharide.

The secrerory cells are large with finely
granular, uniform cytoplasm  surrounding
circular nuclei about 6.5 p in diameter and
large droplets averaging 14 u in dinmeter
(Fig. #. Small droples  are  dispersed
throughout the cytoplasm, Like the secre-
tory cells in O miydas, the secretory oyio-
plasm in 5, sdovatus differs fom the epithe-

lial gells only in thar ic stains more deeply for
the same components. The secretion droplet
material from these cells occupies the bulk of
the secretion mass; it is PAS-positive, stains
deeply for protein with ninhydrin and paph-
thal yellow 5, contains no  demonstrable
acidic groups, and has a pH of about 5.3 (as
determined with methylene blue staining),
Toward the center of the gland the secretory
cells degenerate, leaving nocled interspersed
with droplers, which remain discrete.

The Iipjﬂ mnuin:in_g cells are scattered
among the epithelial and eecretory cells and
the free dropleis of the secretory lobule; in
addition, they are found among the cocir-
cling muscle fbers and comnective  tisse
(Figs. 7,8). Lipid cells ave abowt 14 4 in odi-
ameter and contain pumerous sudanophilic
droplets sucrounding a small nuciens, They
appear yellow when not stained, which prods.
ably nooounts for che color of the wcretion
miterial.

Although the pattern of gland morphology
in these two tortle species §s eimilar, there
are some cifferences in details. 5 odoralus
does not have the auxiliary glands obeerved
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in some G, omydae. The green turile's glands
are proportionally larger {L5%-0.9% of the
body weight), and composed of several
Iobules, cach similar o the single wnit of
£ odomtus, Both epithelial and secretory
cells are less basaphilic in C. sydas than in
8. odaratus. Finally, no lipid-containing cells
are found anywhere in €. mydas and the
secretion material §s pot colored.

Lepidochelys olivecen—A gland from L.
olivacea reveals a similar histological strue
ture: (Fig. 9). Several large holocrine lobules
are conbedded in bundies of strizted muscle:
these are lned by an epithelial layer of small
cells and contain large secretory cells elab
orating large droplets of secretion material,
Invaginations of connective tissue divide sach
lobule into compartments which empry into
2 large central cavity. The bulk of each
lobube is  flled with discrere droplets,
pyknotic nuclei, and other cell debris. The
droplets are of comparable size o those in
the green turtle.

" Duscussion

The axillary and inguinal glands of both
C. miydas and 8. oderatus are large exocrine
glands specialized for the production and
rapid exirusion of a carbohydrate-protein
substance. The glands of both species have
a smilar morphology and  histochemistry,
A germinal epithelium, consisting of cells
with large nuclei and little cytoplasm, priof-
ably gives rise 1o the secvetory cells, These
cells develop large amounts of cytoplasm
which is strongly basophilic, a characreristic
of cells containing large amounts of rough
endoplasmic reticulum. They have vacuo.
lated areas that probably represent well
developed Golgi complexes, and have nu-
meroas small and large droplets of secretion
product. This morphology is slmilar to that
described for glands producing and secrer-
ing a “packaged” product (eg. Brandes ot
al, 1965 Iio and Winchester, 1968). In
the center of cach Iobule cells commanly e
generate leaving little cytoplasm, nuckei that
are aften pvknotic, and intact seeretion
droplets. This merphology suggests stragly
that the glands are holocrine as are most of
the intepumental glands in reptiles {Qhuay,
1WE), 1o addition w the positive  mor-
phologic evidence, we found no evidence
suggesting the presence of ductile syaleams
typical of merocrine glands. The morpho-

811

Fig. 7. Lipid droplets in center of Serno-
therus odoralns gland, 1, lipid; sd, secretion
dropler, Mallory's saln, (645 %)

logical progression from  epithelial  cells
through secretory cells in contact with the
basal lamina, te more median layers of cells
and finally to cell debris and secretion drop-
lets in the lumen sugpests that the glands
funcrion by differentiation of epithelial cells,
production and accumulation of secretion
product, and finally breakdown of the cells.

Histochemical tests indicate thar the secre-
tion produce in both turtle species includes
i protein moiety and a carbohydeaee moiery.
Modt PAS-positive substances are known to
be proteincarbohydrate complexes {Barka
and Anderson, 1968), The consistent tesults
of the various teses for acid mucopolysac-
charides indicate that sulfate esters are def.
initely not present in ihe cirbaolydrite frac-
tion and that other acidic groups such as
carbeyl groups or sialic acid residues are
unlikely as regulasly occorring constituents,
According to Leppi (1968), this indicates that
the product may be a glycoprotein, with a
carbobydrate moiety comprising Jess than 45
of the total molecule, which is compased of
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Fig. B Cell iypes in Stevmotherus odoradug gland, Labels ps in Figs. 3, 7. Richandson's stain.
I LUTE 4B

a short chain of varving residues, A muco-
protein, on the other hand, would be ex
pecied too have sulfate esters o the long-
chain carboliydrate comprisdng morve than 1%
of the total molecale. Althoupgh the sseretion
product stained uniformly in all our tests, we
cannot rule gut the possibility of undetected
eomponents withont  further  biochemical
analysis, Mo réptilian intcgumentary gland
has previously been described that produoces
mucoproteins (Quay, 1972, although PAS
positive proteinrich  marerials have heen
Fournd in other reptiles (Gabe and St Girons,
1965),

E.:Eamlna:hu of the glandular tissue of L.
olfvecen sugpests that large bolocrine glands
of similar morplolegy ave found throughowt
the Cheloniidas, Similarities in the details
of position, pgros morphelogy and  micro-
wnpic morplology among the turtles we ex
amined indicates posibly & common mode of
origin of these glands In the soborcder
Cryprodiva, only the Testudinidae are pre-
sumably without these glands; further in-
vestigation may yet veveal them. Othey stud-

ies have mentioned e exisience of similar
cuodrine ghands in the Pleuwradira (Rathke,
1848; Pregers, 1848). Thus, it i possible thay
these ame homolagows soructures within the
arder Testudines, althowgh a more compre.
hensive study would be peeded o substan-
tlare this,

Ppasible gland funcrion, in the light of the
characteristics described above, and with re-
speect to the oatural history of turtles, §s cone
siclered below:

I Functiens not invalving communication:
Excrevion of material flrered from the blood
seems unlikely; the moderate vascularization,
the morphalogy of the epithelial cells, and
the holedrine srecture are unlike those char-
acters in any gl:ml known o |_:|L~'r.|'|:|u'rr|. thas
type of function [eg. sl gland (Abel and
Ellis, 1966), eccrine sweat gland, (Montagna,
1962 ). The mode of extrusion of the secre-
tipn material and the small numbeer of duci
openings alsy make it unlikely that the
secretlon marerial is8 a lobricant or other
agent designed to remain an the shell. There
are, ne doubt, other pon-Communicatory
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Tunctions posihle, but pone have acomrred
o us that seem consistent with the specific
morphalogy and histochemistry of the gland,
Mewabolic functions, however, are varied and
cannot be exclided,

2} Functions invelving intra-species come
municition; a) Courtship and mating, The
ocourrence of functonal glands of conseant
relative size in embryns {Meill, 19484}, hatch-
lings, juveniles and adules of both sexes docs
not sipport the hypothesis that ihe glands
are involved in reproductive behavior. How.
ever, the chasing behavior seen in some ourtles
during the mating season could Invelve a
chemical cue, and the chemical diversity of
glycoproteing could provide for specificity
at the specica level. h) Aggregation, Soane
turtles aggregate at mating and nesting time
but most do not; Rathke's plands are wide-
spread among the tortle that de not. Aguaric
turtles may aggrefiate at basking sites, bt
there is no indication of sacial interaction al
this time. Basking aggregations probably 1e
sult from a limitation of the number of
Basking sites, and thus are noe necessaTily a
result of communiction, o) Alom. Turtles
are generally asocial organisms, and alavm
reactions of the type frequently seen in some
fish have not heen observed. However, this
vele is consistent with the hypothesis that
the thick, striated muscle capsule of the
gland enables rapid empiying, s this func
tion cannat be ruled our, d) Individual rec
ogmition. Although species and sex fden.
fieation occur duting mating, we have no
evidence that turtles can recogmize each
other  individually, &) Orientation. €,
mydas and other marine species undertake
long-range  migratons  between  nesting

., beaches and feeding aress; olfaction has

been suggested as o possible cue in orienta-
tion (Koch, Cwrr and Ehrenfeld, 1954],
However, any subsiance deposited on the
nesting beach (by hatchlings or nesting fe-
males) as a site marker would have o be
bath alighily soluble in seawater and capable
of persisting until the following mesting sea-
som, It ds difficult o conceive of a glyeo.
protein or related compound having these
properiies.

) Functions involving inter-species com
munication: As indicated above, the fune
tion of Rathke's gland must be consisent
with its widespread occurrence, with fis pres-
ence in turtles of both sexes and all ages,
with the generally solitary nature of turtle

515

Fig. . Crosesection of gland from e ida-
chetys olivaces. Labels as in Fig, 5 THematoxyiin
and casin, 00 ).

life, and with evidence of the capability of
episodic, rapid secretion. A defensive role
of the secretion against predators s con-
sistent with  these conditions, All turtles
have predators. Mammals, birds, large rep-
tiles, amphibians and fish prey on them:
turibes of all ages are vulnerable in varying
degrees.  Adult green turtles, which capmor
withdraw Inte their shells and which are
occasionally attacked by sharks [Carr, peers,
comm.), have holocrine glands {alithough the
duct openings may disappear with age in
some individuals). The box turtle (Terra-
fetie caraling) prodeces an offensive odor
when it is a seml-aquatic hatchling (Neill,
I4ED) but it does nor a5 a terresiral, heavily
armoved adult, Iodeed, many turtles thag
have glands produce a disapreeable odor
when handled, although a direct connection
between gland and ader has not been itk
Lialed in most coses

Defense against predators seems the only
function considersd thus far which might be
uselul to all turiles possessing such glamds.
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It is possible that in some tortle gronps the
function of the glands bas been modified;
the lipidenntaining cells found in §. cdora-
tis but not in G, mypdes may sapport this
notion. Although the evidence that suggets
a primarily defensive tole for Rathke's
glands is now crcomeantial, many of the
hypotheses above are amenable fo experi-
mental est.
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