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INTRODUCTION

Reported here are obaervations on the nesting

of the Tour-toed Ialamandier, Hemidactylium gcutatum (3lch=-
legel), in Virginiae 7This species is frequently regarded
as rare in areas where i1its3 nesting or hibernation are not
knowne. 2Prior to this report it was so considered in Vire
ginia, and leas than a score of adult gpecimens from this
state were found in the coliections of the major museums.
During this investigation §9 per eent of the nests found
in the field were collected with their attending females
and studlied; thia included 144 nests containing over 16,000
egga, 250 adulis, 4 juveniles, and 82 larvae that emerged
from eggs at or shortly after the time of collection. The
pregent report i3 based upon the examination of 224 nests
in 21 loeslities, in 13 of the 100G counties of Virginia.

The abundance of suitable nesting areas for Hemidacty-
lium on the Virginla coastal plain, and the numbers of
gpecimens found in the few habitats explored, sugzeats
that this species is common in eastern Virginiz. In re-
lative abundance it anpeara to ramk fifith in this region,
exceeded in numbers by uryces bislineata bislinests {(Green}),

Desmognathus fuscus fuscus (Raf.), Diemyctylus viridezcens
viridescsns {iiafinesque), and Jlethodon cinercus




ginereug (Green) and their related aubspeclics.

sgga of Hemidpctylium scutatum {3chlezel) were

firat noted by Hughes (1886} in Indiana, and subseguently
npediscovered® by Bishop (1920; in New York. They have
been reported in Hichigan by Blanchard (1922, 1923, 1928,
1934a, 1934b, 1936), in fassachusetts by lunn (1926), in
Pennsylvania by fawling (1939), in Kentucky by Green (1941),
and in Tennessee by iing (1944). Investigations of nesting
conditions have bheen reported in some detall in !f{ichigan
(Blanchard, ibid.) and Wew York (Bishop, ibid., 19413 Gil-
bert, 1941}. The nesting of Hemidgctylium in Virginia is
compared with reports from these states.

Acknowledgement 183 made to all persons who aided
in this study. Assistance in field work was provided by
s Te Allen, . T. DuVal, 3. 3. Forrest, I. L. Fuller, Jra.,
Ue Ks Goodwin, J. B. facArthur, Jre, and C. D. Ronemous, Jra.
Drs s e “ntterson made the taxonomic diagnoses of mosses
and hepatics involved in nests. iemidactylium soutatum in
the United 3tates National useum collection were made avail-
able by Ure Do He Cochran, and in the American ijuseum of
fatural History collection by <. il. Bogert. Xire. 3. C. Bishop
encouraged this study and donated hizs last cony of his ex-
cellent out-of=-print piblication (1920 on this species.
Yaluable criticisnm of the manusceript was provided by ire R

?e Ash, Lir. O. P. Schuette, Hre. %. Re Sohns and “illism



Vogt. 3pecial thanks are expreassed to Dr. J. T. Baldwin, Jr.
and Dr. J. L. ¥oHugh for advice on the treatment of the data

and criticlsm of the manuscript.



Figure 1. A typical Hemidactylivim seutatuai (Schlegel) nesting area
near Five Forks, James City County, Virginia (figure 2, locality 13)j
a shallow, stagnant pond in a cypress-beech-holly woods.
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HRESTING HABITATS

Two conditions were noted in moat nesting sites,
stlll or gslowly moving watexr and some material closs to
the water in which eggs could be placed in concealment.
These conditions were filled by a variety of types of water
areas, and a number of "thin® mossea, ®"deep” mozses, sedzes,
hepatics, and other suitable concealment materials. liests
were examined in the 18 localities mapped in figure 1, and
in two Pledmont counties: A’POMATTON, 2 miles HNT of Anpo-
mattox; and CHARIOTTH, 4+ mile N. of ‘henix. lesting in
one additional coastal plain county, rsported by J. i. Fowe
ler (letter, 25 Yarch, 1950) i3 aa follows: PAIRFAX, bet-
ween MNew Alexandria and Iliyke.

In Virginia nests of Hemidactylium are found
near meandering, shallow, slow-water streams in bogs; by
pondg ranging in slze up to ten acres; beslde seepage
springa; and adjacent to stagnant »nools in drainage ditches
and temporary brooks. !foat nests are near the water sur~
face (Bishop, 1920; Blanchard, 1922), usually between
three and eight inches from it. The water area ranges in
depth from less than an inch in some seepage springs to
saveral feet in the larger ponds.

in two instances egs groups were found from three

to ten feet from the nearest surface water. Un Harch 24,



1950 a neat {A=-1927) was cullected in a ravine 2 miles Ni
of Gloucester Court House {(figure 2, locality 5,. The eggs
were found suspended froma the rhizoids of a *deep™ moss,
Thuidiwn delicatulum (Hedw.} Mitt., in a crevice on top of
a log three feet from surface water. 4 mucky area extend-
ing from the water to the log suggested that formerly water
ha¢ been in closer association with the nest. On darch 25,
1950 three nests (1-1966, A-1968, A-1970) were collected in
a ravine 2 miles Ni of lightfoot (figure 2, locality 10},
These nests were in crevices in "deep® mosses, Climacium
americanum Brid. and Ynium cuspidatum Hedw., on a bank by
a mucky area more than tem feet from surface water. In
selecting a nesting site female Hemidactylium scutatum
migrate ito the nesting areas, enter the water, and swim for
an undetermined periocd, finally emerging from the water to
plick a concealment immediately adjacent to the water sur-
face (Blanchard, 1934). In the above mentioned cases it
is probable that surface water was in c¢lose associztion
with the nesting sites prior to egg-laying.

iater adjacent to nesting asites is usually clear
and still, although it may be the "black®” water typical of
cypress swamps. Nestz near moving water were found in
moes hummooks growing over cyoress knees by bog streamse.
The flow of water beside these nests did not exceed 0.2

miles per houre.
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iifothing 13 reported in the literature on the pH of
waters adjacent to nests of Hemidactylium. The mean of
five determinations made Yarch 27, 1950 at Five Forks
{fizure 1; figure 2, locality 13) was pid 5.0 .

Hemidactylium nests have been noted in deciduous
biomes {Bishon, 19203 Blanchard, 1922). In Virginia nest-
ing sites are found in both deciduous and coniferous woods.
ests have been found freguently beneath the following

vwrees: cypress, (Taxodiun distichum (L.})s loblolly pine,

Jinus tgeds Do)y holly, (Ilex opaca Ait.); sycamore,
(Platanus occidentalis %.); beech, (¥agus grandifolis ihrh.)s
white oak, (iuercus alba ".)3 and chestnut oak, (yuercus
prinus T.). The tyne of trees near » water area anpears to
have little correlaticon with the suitabllity of the area as
a nesting site for Hemidactylium; several habitats were
found in deforested areas or onen bogas. A typleal cypress-
holly~beech nesting habltat near TFive Torks (figure 2, loc~
ality 13) ia L{llustrated in figure 1l.

Although Hughes (1886) first noted Hemidactylium eggs
in moss, it remained for Bishop (1920) to identify eggs
with sphagnaceous habitats. Gilvert (1941) found nests in
Wew York in several geners of mic :uess Climacium, ‘nium,
sphagnum, and Thuldiume Heasts have been found in Virginia
in mosses of these four geners and nine others: Atrichum,

Aula nium, Cirriphyllum, #ntodon, surhynchium, Hypnum,

Leptodictyum, leucobr y and Zlagiothecium. Providing a
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moss contains or covers crevices in which eggs can be depos-
ited, its sultablility as a mpesting babitat appears Lo be
determined by its proximity to water in nesting areass

dests are often found in humnocks containing mosses of
geveral geners, sedges of the genus {arex, and occasionally
hepaticse The followlng genera of iepsticae were involved:
Lo colea, allavicinia, Jcapnnia, and Telersnea. The
mosses and hepatlice in nesting habitats, and number of nests
asgociated with them, are compiled in table L.

Uceasionally nests are found in other tynes of habitats.
Blanchard {1922) noted some nests in southern }Michigan in
crevices in the sides of rotted, water~soasked logs, and
under the loose bark of stumpse Of the 224 nests examined
in Virginia, 78 per cent (175) were in mosses, sedges, and
hepaticg; 17.9 per cent {40) were suspended from the rhizolids
of moss over orevices in logs or banks; and 4.1 per cent (9)

were in less ususl habitats liasted in table Il

NE3T3 IN UUUSUAL HABLTATS

Ho. of leats Habitat Ceo ies
4 « =« -~ - Inglde of rotted planks, - - - James Ulty, iathews,
boards, and logs. Lancaster, and York.
2 - = « « Under the loose bark of - - = 35lizabeth City.
logse.

2 « = = « In damp mounds of pine - = =« Jumes Ciiy.
needles and bark.

l « = « = In g hollow cypress knee. James City.

{
]






Figure 2. locations of the Hemidactylium gcoutatum (3¢h-
legel) neating sites found on the Virginia coastal plain.

No . County Loenllity

l =« =« RISIMOND -« - 4 mi. W37 of Warsaw;

2 = = LANCASTER - Lively;s

3 - = LANCASTHR = 1/4 mi. Ne of Gray's Pt.;

4 = = FIIDIESEY « 3 mls 5« 0f 3aludas

5 = « ZLOCHATIN - 2 mie T8 of CGlous Tte Hoeg
6 « = I &T*{Ya 3 - - 1/2 mie« 3% of Hathews;

T = - CH L3 OITY 4 mie 33% of Holderofts

8 « = JAMSS z.,.i"“it' - 2 mi. % of Jolly ronds

9 - o~ TAMLY CITY - 3/4 mie 7w of Jolly Fond;
10 » =« YOHK = = « = 2 mle NI of agntfoot;

1l w = J3053 CITY - 4 mi. WV #11llismsburg;
12 @ « YUORK « = = = 1/2 mie I 01’ %1lliamsbuarg;
13 « ~ JAYES 2ITY « 1/2 mis e of Five Forks;
14 - - YE}'«‘J& -~ « « = Torktown aresj

158 « =« YANICH - - 1 mis. Te of Denbigh;

16 = = UARYICK =~ - 1/2 mie 4. of Marpersvilles
17 « = BLIZABATYH CITY « Buzzard's HRoost ares;
18 « « SLIZABUTH CITY - Fox'a 3tore areaes
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GG LAYIRG

On February 24, 1951 three nests of recently
deposited Hemidpotylium eggs were found near Flive Forks
(figure 2, loeality 13)« Thiz date, the earliest on
which recently devoasited eggs have been found in the field
in sastern Virginia, is from six to seven weeks earlier
than the date on which egg-laying is reported to commence
in scuthern fichigan (¥lancharé, 1934) and New York (Bishop,
1941;.

Rlanchard (1934) reported that egg-laying in
Flehigan gtarted in mid-‘ioril, and was completed before
Haye It iz probable that the neriod in which the majority
of Hemidactylium deposit thelr egos in Virginia is also
about of two weeks durations In 1951 8C per cent of the
18 femnles collected “ebruary 24th were gravid, and had no
large ova in thelr oviductss this is Interpreted as meaning
that they had not started to lay their eggs. Hine days later,
on Hareh 4th, only 17 per c¢ent of 94 females were found in
this condition. Only two ver cent of all femanles collected
after farch 10th were gravid.

Uff-3eason egz devosition was first indicated by
a nest of 22 hatehing eggs found ‘‘greh 4th, 1951 near Den-
bigh (figure 2, locality 15) by 0. K. Goodwin. This neat

is discuszsed in the section on incubation.
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Bishop (1941) reports that Hemidactylium egss
are deposlied in nest cavities which often have the ap~
pearance of bheilny formed by turning movaments of the fe-
malea, but in some Inastances it is evident that the fe-
males have merely exploited natural cavities in the mosses.
All nests examined in Virginia appear to result from the
selection of natural eraevices by the femnles, andi the shape
of the crevices to some extent determine the ghaoes of the
egg groupse The outer envelones of the exgs are adhesive,
and as the eggs are deposited they adhere together in come-
pact clusters in “"deen”, loose mosses like Thuidium; in
"thin®", dense mosses like Zlagiotheciwa the eg s are spread
over 2 lazrge surface in 2 single coapact layer.

Blanchard (1922) specified that the eggs are
placed "elther Just under the moags covering of =2n 0ld stump
or root or entangled in moss rhizolds and zraszs roots, not
in the egarth below the roots not in the moss and zrass above
the rcatéc“ In Yirginia 78 per cznt of the nests were found
above the roots, among the shoois and leaves of mosses, hep-
atles, and sedges; 17.9 ner cent were attached to rhizoids
and roots. The latter was noted in the Cirriphyllium habitat
2 miles NNY of Appomattox, vhere egs groups were suspended
ever orevices in the Pank from the rhizoida of this *thin*
mO33e

Jometimes femnles exploited habitate with very



18

confining erevices such as those listed in table IT. In
thege nests egss were often scattered over a larze surface,
and freqguently they were not in contact with one anothere.
T™he space limitationz of these habitats 4id not prevent
nuambers of females from forming compoaslte nests. ‘eparate
nestsz of Y238 and 438 eggs were found in mounds of pine
necdles, and a composite nest under loose bark contsined
284 eggse

Bishop (1941) noted that Hemidactylium turns "upside
down" to deposit eggs. This behavior is characteristic of
a nuaber of salaaander species which lay their eggze in
water, attaching then to the lower surface of zome 3unport.
3inilar behavior has been observed for geveral snecles of
salsmanders that deposit their eggs in terrestrinl sitaat-
ionge. in Virginia the Four-toed Salsmander uzually follows
tals behavior paltiern when denositing egga in erevices in
1oose moss hummocks where some freedom of movement is af-
fordeds .dovwover, egiss in some nests could not have been
deposited In this way because of the shan2 of the neating
crevices .xamples of these neats are the egy groups found
on the vertical surfaces of boards arcund seepage snrings
ne2r Jilliamsbarg {figure 2, locality 12} and ¥athews
{figure 2, locuzlity 6,« In the laboratory femalez have
been obazserved depositing ezggs on vertical surfaces; they

acconplisbh this in aguaria while "standin: on their heada®.
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un Mareh 23, 1950 near Yorktown (figure 2, loce
ality 14), and on ¥arch 4, 1951 near Denbigh (figure 2,
loeality 15) nests were observed which had been depoaited
in expoged positions on top of moss hummocks. It seens
doubtful that these eggs were deposlted by females in the
"upside down" positione.

In many nesting sites the majJority of nests were
found in moss hummocks along the banks of ponds, but in
habitats containing little islands of floating moss~covered
logs, sedge hurmocks, or cypress knees, many neats were
found in locations femamles could reach only through swim-
mings. On “areh 27, 1950 there were 28 nests around the
pond near Five Forks (figure 1); 19 of these were on islets,
and the remaining nine were on the bank {(4), or on moss-
covered logs extending out from the bank (5). The females

had departed from many of the nests on this date.
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INCUBATION PERIOD

Bighop (1941) reports the incubation period to
be variable, depending on temperature, mbisture, "and per-
haps other factoras.® In ¥Wew York, as a result of field
observations of egg-laying and hatching, Bishop {(ibid.)
found that it varies from 52 to 60 days. Laboratory-
reared embryos emerged in 3¢ days (Bishoos, 1920). One egg-
group deposited ilarch 4, 1951 near Five Forks, James City
Gounty, Virginia, wazs obgerved 'Tay 3rd with larvae emergings
this establishes an incubation period of 61 days for this
nest.

Agg mortalities are common , especially during
April in nesting areas on the Virginia coastal plain. Dead
egcs are found mere frequently in Zphagnum than in other
mosses; nortalities are more comaon in composite nests than
in amall egg-groups. Iead eggs are distinguished from living
ones by their opaque or milky appearance, as contrasted with
the transparent or translucent envelope of living eggs. The
causes of these mortalities have not been determined, but
Bishop (1920) reports that excessive moisture is lethal to
laboratory-incubated eggs, and Green {1941) cites a case in
which natural mortality occurred in a wet habitat. Liince
geveral Virginla egg groups suceessfully passed through their
incubation submerged, it is probable that excessive moisture

is not 2 direct cause of egg mortalitye.
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Yo data on the temperatures of nests and of
adjacent alr and water were found in the literature. A
group of nine nests near Five Forks (figure 2, locality
13) were checked on Yarch 25, 1950, and these readings
with the identity of the moasses surrounding the eggs are
compiled in tzvle I[II. Hest temperatures were measured
with the thermometer bulb Iin contact with the egg clustersg
air temperatures were measured five ocm. above the nest
huamocks, and water temperatures were taken adjacent to

the nestse.

&

TABLE I

W ——

&

Nu3T, AIR, AWD WATOR THMPERATURES; (%C.)

liegt Alr Hest Yater fosa sround
fioe Temp. Temp. Temp. ecgs

1 31.0 24.5 21.5 Thuldium
27.0 24.0 21.0 Thuidium
29.5 24.0 22.0 Thuidium
29.5 25.0 23.0 Thuldium
28,0 23.5 225 Thuidium
28.0 24.0 23.0 Thuidium
28.0 23.0 21.0 Thuidium
29.0 21.0 21.0 Sphagnum

28.0 19.0 21.0  Sphagnum

O O =2 O oo o BN
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Vests in Thuldium habitats were intermediate
in temperatures between those of adjacent alr and water.
They were always more closely correlated with the lattier.
The two nests in 3Sphagnum had temperatures below or eqgual
to that or adjacent water. Further astudies re needed to
determine whether the differences in temperatures of nests
in 3phagnum and Thuidium are sustained through the incu-
bation period. If so, it i3 possible that different rates
of embryonic development occur in these mosses.

The extent of the incubation period of the egg
group found hatching on Hareh 4, 1951 near lLenbigh (figure
2, locality 15) is unknowne. It undoudbtedly exceeded the
length of the incubation period experienced by embryos
developing in darcn and April. If incubation takes avout
60 days normally, and incubation was notl retarded in this
brood, the egis were lald during the firat week of Januarys
it seems more llkely that the eggs were ¢ epoaited during
the fall montha.
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THE RALATION OF TS HOTIHG OF VIWGIWHIA

HOfIDBACTY LL U TO OTHUR SORING SVEET3

A3 related to other aspring events in southern
“ichigan Hemidactyliun e¢gg-laying occurs when hepaticas
(liepatica triloba Chaix) sre¢ beginning to bloom, and
spring peepers {Hyla crucifer grucifer 'eld, are begin-
ning to chorus (Blanchard, 1922). This correlation was
not noted in eastern Virginia in 1951. llepaticas were
blooming in Yorkitown ravines one month prior to the
initiation of iemidaectylium egg~-laying, and the spring
peepers were not heard from until two weeks after the
Henidactylium soawninge. In 1951 the egg-laying of the
Two-1lined Jalamander, suryces bislinesta be X cirrigera
colncided with the blooming of hepatica in Yorktown, and
the apring beauty (Claytonis virginiea -.+) and bloodroot
(3anguinaria canadensis '..) were blooming when Hemidactylium
started to lay thelr eggs.

Blanchard (1934) further notes that Xichigan
Hemidactylium emerze from hibernation "many days, perhaps
three weeks, after the spotted salasmanderz have mated and
laid their eggs.” In 1951 in the Yilliamsburz area (fizure 2,
locality 12} a few Ambystoma maculatum {haw) deposited

their eggs three or four days before {emidactylium started

denositing egzas, but the period in which most egss were
deposited by both of these species (Febe. 24th to Yar. 10th)

coincided.
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NRdBAR OF 30G3 IH HAIGACTYLI™MI HE3TS

The number of eggs in 141 jlemidactyliima nests
collected in Virginia in 195C and 1951 are plotted in
figure 3. individual nest complements ranged from six to
868 eggs, witih the mode consisting of nests containing
from 30 to 40 eggs. Gilbert (1941) considers lemidacty-
lium nests in New York contalning more than 40 eggs as
provably the product of more than one female. If this is
true in Virginia, 74 per cent of the nests collected in
the field contained the products of more than one female.

In examining 47 nests in Pemnmsylvania, lawling
{1939) found none containing more than 50 egzs; the maxi-
mum count of egzgs in 32 nests in Hew York was reported by
Gilvert (1941) as 68. Bishop (1941) reports only a single
composite neat from dew Yorke In marked contrast with this
are Blanchard's {(1934) records of 120, 173, 247, 250, 320,
455, 487, 644, and 1,110 eggs in Michigan nests. The ten-
dency toward composite nests in Virginia parallels this

behnavior in #ichigan.
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THS RULATION OF Tilo #4.18L5 FOUIR-TC D

SALASAUL SR G THE Humor

The sex of adnlt Hemicdactyvlium attending nesis
was determined by Blanchard {(1822) through digsecting 40
gnecinens; all were fomasles. The diasection of 244 adults
collected in Virginia nesting siltes verified this reportiy
243 females, one male. The male was found at a nest also
attended by a female.

Yo one has determined why females are found at
nests after ezg~laying; no aggreasive behavior wihieh could
be interpreted as guarding has been noted in Virginia, al-
though Gilbert {(1941) reports “gusrding” in New York statee.
Koble {1930) reports that the female of

{iravenhorst) remains with her eggs mersly because of ex-
haustion. If this is true of Hemidactylium it would be
expected that following a period of recuperation the female
would abandon thc nest. A further incentive to stimalate
females to leave the nests might be the hunger drive. ¢Cn
Warch 18, 1950 it was observed that femsles remain with

the nests bvoth night and day; dissections of 243 females

at nesting sites showed that all specimens had empty sto-
machse The digestive rate in sslamanders is 30 slow that
this i3 strong evidence that feeding is rare while females

are attending nests.
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The ooaition of the sttending female in relation
to the egg mass has been described by Bishop (1920) as
follows: *In every instance the female was found elther
partly coilec unon the eggs or about theme" In VYirginia,
to thie contrary, females are found beneath the eggs in most
habitats, anc are rarely either upon the egy s or coiled
about theme In the Sirripnyllus habitat in Appomattox
County the nests were deposited in crevices of an sroded
brook bank, attached to the rhizoids of the moas. 3ome of
the femmles were found lying on the egg groups in this casee.

In Hew York females remain with the nests throuzh-~
out the incubation peried {Bishop, 1941) and in every nest
a female was found “"guarding" the eggs, even thougn the
majority of the eggs snowed an advanced stage of development
(GLlbert, 1941)s In .fichigan, too, females usually attend
thelr nests until the time of hatching unless tha nests are
cloaely assoclated with other nests, in which case all but
one of the females uaerually deserts the nests, and "only
occasionally will even two remain, "(Blanchard, 1934}. In
contrast to these reports, in Virginia 24 per cent of the
nests collected during the first three weeks after the
egg~laying period were unattended {tabvle V), and toward
the end of the incubation period (mid-April to May) few
females are found attending nests. The exodus of femsles
from the nesting sites is evidenced by the difference in

average number of eggs per female in tables IV and V.
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TABLG IV

WidT3 COLLICTE DIAING THI FIERST

DAYS OF 30C8-LAYIRG

Ho. of ioe. 0f Total Ave NOoe 0f AVe Woe of

females lests Hoe of Hggs per rggs per
agea Hest female
C O 0 0 0
1 23 1277 86 56
2 14 1354 87 48
3 7 921 132 44
4 2 939 180 45

Totals: 46 4,C11

average number of eggs per female: 5C.2

TABLE ¥V
N23T3 COLLICTI DURING THREE WSEKS

FOLLOVING KGG-LAYING PERIOD

Hoe. of ¥eo. of Total Avs Xoe 0f Avs XOs of

remales iests Hoe of iggs per ggs per
-4 £ Nest remale

o 23 3,201 140 had

1 57 4,747 83 83

2 13 2,522 194 o7

3 3 698 233 79

Totals: 96 11,1688
Average number of eggs ner female: 121

Ave loe of egg per female in nests
atill attended by females: 86.3
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Table IV includes counts of eggs and females
in 46 nests collected from ‘arwick and James City Counties
between February 24th and farch 4ta, 1951. Table V ig
based upon similar data from 96 nests collected in 1950
and 1951 betwsen iiarch 1lO0th and April 4th, a period of
three weeks following completion of egg-layinge. After
Yarch 10th the numbers of egzzs attended by one, two, and
three females was greater by from 49 to 102 per cent than
the numbers of eggs attended iarch 4th and earlier; thig
is evidence of the temndency to form composite nests, and
of desertion of females from these nests after egzg-layinge
The average number of eggs per female in Table V, 121,
greatly exceeds an average based upon the number of eggs
per female in nests still attended, because 23 nests con-
taining 3,201 eggs had been deserted. A comparison of the
average number of eggs per fem=le in Tables IV and ¥V shows
that a 141 per cent increase (from 50.2 to 121 egzs} has
occurred. By April 5th, here estimated as the mid-point in
the incubation period, 3 of every U females have deserted
the nestse.

legertion of composite nests can occur early in
the egg-layling period. isingz Pishon's (1941) average of
50 ezs9 deposited per female, a neat of 695 eggs collected
siaxrch 4, 1951 near Ilenbigh, Varwick County, must have been
deposited by 14 females, dbut it was attended by 5; nine
had departed by the time the egs-laying season was only

nine days old.
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The use of total length in a size study of
Hemidactylium scutatum is unsatisfactory because it is
not possible to distinguish between a specimen with @
norm=l tail and another with a nearly full-sized regener-
ated tail. The tail of Hemidactylium is usually lost at
the basal eonstrictiong of 39 Virginia specimena with
damaged or regenerated talls, 38 had lost the tail at this
point. The extensive variaztion in t=il lengths, as con-
trasted with head and body lengths, are demonstrated by
Blanchard and Blanchard (1931). Mevertheless all size
atudies in the literature are based upon total lengths,
anc for purposes of contrast these mensurements are used in
this report in addition to the far superior snout-vent
measuramnents.

Total lengths of adult femaleg in southern
¥ichlgan varied from locality to locslity; three series
studlied by Elanchard and Blanchard averaged 74.1 mme,

74.7 mme, and 83.7 ma + Hishop (1941} noted that lew
York females averaged 7C.9 mme. In Virginia 204 adult
females from nesting sites averaged 78.4% 2.9 ma., ranging
from 605 to 945 mme.

Snout-vent lengths of 243 adult females, four

yearlings, anéd 82 recently emerged larvae in Pigure 4
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show the size classes of Hemidactylium in Virginila nesting
arease. Comparison of this data with the excellent studies
of Blanchard and Blanchard (1931) verifies the internretation
of the group of four juveniles as yearlings. Year-classes
are not evident in the adult females; the age of the recently
emergzged larvae is from a few hours to one week, yearlings
are from 10 to 12 months o0ld, and adults are 22 or more monthg
olde.

Blanchard and Blanchard (1931) report Hemidactylium
attain fecundity in M¥ichigan during their third year of life;
in Virginia females attain maturity during their second year

of 1life, and deposit their first eggs at an age of 22 months.
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THY NUEBR O SGGH PRODUCED ANL LATDL

BY HaIDACTYLIUY SCUTATES (SCHLAG L)

Cva counts in 58 gravid females were plotted
agzainst snout-vent lengths in Figure 5. In 32 ¢f these
gsnecimens all large ova were in the ovaries; in the re-
maining 26 females from one to ten large ova were in the
oviducts in addition teo those in the ovaries. This group
included specimens which had deposited a part of thelr
ovai specimens with oviducal egges were accordingly re-
garded as unsuitable for use in the determination of the
size of large ova complements. 4 line, based on females
with ovarlian ova only, was plotted to fit these data by
the method of least squaresi a good lineal correlation
wag evident between anout-vent lengths and numbers of
ova (Wigure 5)« PElanchard (1936) plotted the lengtha of
217 southern iichigan females against their ova complements
and found n wide scattery the correlation was not highly
gignificant. His use of total lengths rather than snout-
vent lengths inutroduced the variable tall lengths which
may have concealed the correlantion.

OCther differences between the ichigan series and
Virginia specimens involve the number of large ova in
gravid femaleas Virginia specimens have from 29 to 80 large
ova, but southern Michigan specimens have only from 6 to

46 (Blanchard, 1936). The magnitude of this difference
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sugeesta that different physiological races are involveds

a question ralsed by Blanchard (1936) in regard to the

anparent differences between lilchigan and Hew York femanlea.
Blanchard {1936) selected 50 nests each attended

by one female and containing a complement of eggs not in

excess of the potential production of one southern fichigan

Hemidactylium. He compared the average number of eggs in

these nests with the average number of large ova in gravid
femalegy the values were approximately the same. Thiz was
interpreted aszs meaning that normally all eggs are laid in
one nest, and this nest ig attended by the female laying
these eggse. To teat these conclusions 57 Virginias nests
were selected on the ssme basis, with the number of eggs not
in excess of the maximum large ova compleaments of Virginia
specimenss The snout-vent lengths of attending females are
plotted against the numbers of eggs in nests they attended
(¥igure 6). The wide scatter of these data shows that the
correlation is not strongs. inee, in Figures 5 and 6, the
snout~-vent lengths are 2 coamon factor, the dissimilarity

in the slope of the lines indicates that there i3 not a
close relationshin between numbers of ova in females and
numbers of eggs in nesta. Gilbert (1941) also noted a lack
of correlation between numbers of eggs in nests in Yew York,
and lengths ef attending females, though he attributed this
to the small size of the sample he used.

The scatter of the data in Figure 6 suggests that
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many points below the line represent amall composite nests
and that some points above the line may represent nartial
depositions or loss of eggse. The number of small femanles
in Figure 6 found with large numbers of eggs can only be
accounted for by assuming inclusion of composite nests.
These composlte nests ars so small that it seems possible
they contain less than the full egg complements of two
females, suggeasting that one female i3 interruoted in the
process of eggelaying by the intrusion of o second apecimen,
and she departs from the nest having deposited only a »nart
of her complement. The gecond female then adds her egg
complement, resulting in a nest containing a larger number
of egz:s than would be exnected from the attending female.

The behavior dynamics of iemidsetylium in nesting
sites are little understood, but desertions of females from
composite nests have been mentioned earlier. iwidence that
sugzests females may normally deposit leas than their full
complement of large ova are the 12 nests (8.5 per cent of
all examined) contrining fewer eggs than the minimum number
noted in a gravid Virginis specimene.

iindoubtedly some egzs are lost during collectincg
losaes prior to collecting are indeterminate. ‘hether fe-
males succesafully vold their ovaries of all large ova wur-
inz egg~laying is of importance in interpreting the noints
above the line in Figure 6. RBlanchard (1936) states that
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all large ova are normally deposited by ichigan specimens,
though he c¢ites one exception. All large ova are not norm-
ally deposited by Virginia llemidactyliums in 186 disseoct-
ions of females with “spent® ovaries 1t was noted that more
half the speclimens contained resorved or partially resorbed
large ovae. These appneared as aggregationa of melanin, occcas-
ionally accompanied by yolk, scattered throush the ovaries.
Retained resorbed ova did not number more than ten in any
gpecimen exzmined. It is intereasting that in Cryptobranchus
glleganiensis (Daudin) the failure to complete ova deposition
has been asttributed to the inefficieney of the mechanism

for transfer of the ova intoc the funnels of the oviducts

(Smith, 1916),
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Pigure 5. The snout-vent lengths of 58 gravid femsle
Hepidactylium acutatum (3chlegel) plotted against
their large ova complements; dots denote females (32)
in which large ova were all in the ovaries, and cir~
cles represent females (28) in which one or more ova
have entered the oviducte. The line, based on females
having ovarian ova only, was determined by the method

of least syuares.
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STMEEARY

Hemidactylium scutatun (ichlegel) is a common sal-

anander on the Virginia constal plain.

Hests are usually situated within a few inches of
3till or slowly moving water in crevices in hum-

mocks of mosses, henatiecs, and sedges.

Hests are found in deciduouas and coniferoaas woodsy
cypress, loblolly pine, holly, aycamore, berch, white

oak and chestnuat oak have been noted in nesting areas.

sges are found in mosses of these sgeveral genera:

Atrichum, Aulacomnium, Cirriphyllum, Climacium, into-
don, jSurhynehium, Hypnum, leptodictyum, l.eucobryum,
inium, “lagiothecium, Sphagnum, and Thuidium. If a
moas containsg natural crevices in which eggs can be
deposited, Lts suitavility as a nesting site aplears
to be determined by ilts proximity to water in a negst-

ing area.

nests are frequently found in hunuocks conposed of
several mosses, snecles of sedges {genis Carex), and
occasionally hepatics of the following genera: Lopho-

colea, J’allavieinia, 3canania, and Teleranea.
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4 few nests were found in mounds of pine needles, inside
of rotted logs and boards, under loose bark on logs, and

in hollow cypress kneese.

In 1951 Hemidactylium egg-laying in habitats on the Vir-
ginla coastal plain started six to seven weeks earlier
than it does in New York anc southern ichigan; the first

groups of recently deposited eggs were found February 24th.

Rgg~laying by Hichigan lHemidactylium is consummated in a
two week period; in 1951 only two per cent of the females
collected after ‘iarch 10 were gravid, thus most egg-laying

took place between February 24th and Yarch 1lith.

Off-season egg-laying was noted for the first timej on
¥arch 4, 1951 a nest of hatching eggs were collected near

Denbigh, Jarwiek County.

Yo Virginia nests appenred to have been formed by turning
movements of the femnles; they probably result from the

exploitation of natural erevices.

In Mdichigan eggs are found attached to the rhizoids of

moss and roots of grasss Virginlie nestis observed in 1950
and 1951 were usually placed above the roots, among the
leavea and shoots in moss-hepatic-sedge hummocks, but in

"thin" moss habitats ezgs were suspended from rhizolds.
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12, Composite nests of 528, 438, and 284 eggs have been found
in confining erevices in mounds of pine neecles and bhe-

neath barke

13. The placement of eggs in nestsz suggests that femoles de-
posit thelr egegs in an "upside down" position in most
habitats; in vertieally oriented nests they may cepoait
eggs while *"standing on their heads", and in tweo cases
egzs on top of hummocks were foumi, strong evidence that
on 3ome occasions females may deposit egis while in the

"ventral surface toward ground” positione.

14. Some nests were located along banks of ponds; many were
located on islets in pools,which could have been reached

by swimming females.

15. The incubation period of one nest near Five Fuorks, James

City County, was noted to be 61 days.

18. %ggz mortalities are probably not the direct result of ex-
cesgslive moisture; several egs groups have successfully

passed through thelr incubation period while aubmergede.

17. A few measurements of temperature indicnte the pozsibllity
of different rates of incubation in 3phagnum and Thuidium
habitatse.

18. The number of eges in the 144 nests studied in this report
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ranged from 868 to as few as six; this range in numbers
of eggs approximates condlitions reported for southern
Hiehigan, ant ia at variance with the tendency toward
small egz groups indicated by reports from Pennsylvania

and Hew Yorke.

Adult Hemidactylium attending nests or in nesting sites
in Virginia were found through disseections to be femnle

in 243 caseas, mnle in one.

Axhaastion may be a factor in the behavior of females
after egg-laying; the hunger drive may be the stimulation
that causes some females to leave the nests they have

been attending prior to the time of hatchinge.

Pemales are usually beneath egg groups in nests, not on
top of them or coiled about the egga, as resorted in Hew

Yorks

In New York and southern Michigan Hemidactylium females

are reported to attend thelr nests until the time of
hatehing unless the nests are compogites; in Virginia
females remsain with small nests longer than they do with
large compoaites, but less than five weeks after egu~laying
24 per cent of the neasts examined had been deserted --=-

at thig time three of every filve females had departed from
the neating sitea. ¥ew females are found with eggs toward

the end of the incubation periode.
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Size grouapa of recently emerged larvae, Juveniles, and
adult females are well-separated; the age of the larvae
ranges from a few hours to one week, juveniles are re-
garded as “yearlings" of from ten to 12 months of age,

and adults include all females of 22 months or oldere.

There 13 a gooc linesl corrslation between the snout-
vent lengths of 32 Virginia gravid Hemidactylium and the
numbers of their large ovaj prior to egg-laying these

femalea had from 29 to 80 larve ova in their ovaries.

There is no strong correlation between numbers of eggs

in nests and the snout-vent lengths of attending femnles.

Females may net void all of their large ova durins egg-~
laying 3 more than half of 186 females disscoted after
egg-laying were found to contain from one to ten large

ova which were being resorbed in their ovaries.

Of tine number of eggs normally laild, all may be placed

in one nest, but the fact that B.0 per cent of the neats
contained less than the minimum number of ova in a gravid
female supggests that some females may sparsn part of their

complement in each of two or more nests.
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HUITDASTY i (BT HaoTS

County and .ocality

APPOMATTOL: 2 mle JHW

of Appomattox.

CHARLS3 CLITY: 4 mi.
B33% of Holderofis.
{(Fige 2, Loce 7)

CHARLOTTas 4 mde i
of Thenix.

ALITZABYETH CITY: Buzge
ards Rooat area.
{Figo 2y Loce 1'7)

SLIGABNTH CITY: iox's
Store area.

(Fige 2, 0c. 18)

FALAFAX Y Between lew
Alexandriz and Dyke.

GLUICA3TIR: 2 mie HA
of Jloucaster G. H.
{(7ig. 2, e B

Ja a3 oIT¥: S mie Fo
of Pive Forkas.
(Fize 2, ‘0cs 13)

2+ of
sests

31

&

(A"

ot " 3 T
inecies

of mogses and hepaties

Cirripnvllum boseii (dch.) drout
Thuidium delicatulun (Hedw.) Mitt.

;lisacigg kindberzii {de & Ce)Grout
Hy nnum pétientiae idndbe,

vare dgiigana schimp
nifun cusnidatum Hedw.

sntodoun geauctrix {edwe)ls Muell.
”urhynchium g@rralatum{ﬁed ) Kindb.

% Hedwe

b guspldatum
Thuidium geliecatulum (iHedw.)] ltte

snidentified.

irrulatg@(ned e}iindbe

Sphagnum (reported in letter from
Js Ae Fowler, Yareh 25, 1980}

shumidian delicatulan {iledwe) Mitte

Atrighun gcrisouwa {Tames) 3ulle.
ulggg ium agmericanwi 3rid.
;iMacium kindbergi i(ﬂ.&c.) Jroxt
Vl inia 1y 1111\ louke ) seilfearay
ocaggg a gemoresa Zd.} Lum e
mgna“g ﬁbricataa sornach

Jphagnum palusire -
Teler nmgateﬁea iigdt.; Howe

Thuidium delicatulum (Hedw.) Nitt.
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TABLS I
303853 AND HuPATICS SURROURDING HuuIDACTY LIUM HUSTS

-

County and .pcality Ho. of Species of mogses and hepatics
Hests

JAME3 CITY: 3/4 mie Ve 1 Aulacomnium palustre (%W.& ¥.)3chwe
of Jolly ¥Pond. lLeucobryun glauoun iﬁedw.)ﬁchimp.
{(Fige 2, Loce 9)

JAMSS CITYs 2 mi. HE 8 Sphagnum.
of Jolly Pond. {ther mosses and henatics
(rig. 2, loc. 8) unidentified.)

JALE3 CITY: 4 mie. NW 1 Sphagnum.

of 7illiamaburg.
(Fig. 2, Loc, 11}

LAWCASTER: 1/4 mie« N. 5 ‘midentified.
of Gray's Point.
(?1%. 2, Loc. 3)

LANCASBTHR: Lively. 1 Inidentified.
(Fig. 2, Loc. 2)

MATHEWS3: 4 mi. 335 of 5 Hypnum patientiae idndb.,
Mathews . var. demissum Sehimp.
(Pige. 2, Loc. 6) 2lagiothecium micans (5w.)aris,
var. fulvum (Hooke. and Wils.)Z.
SIDDLESEX: 3 mie.e 3¢ of 5 Unidentifiede.
3aluda.

(Fig. 2, Loc. 4]

RICHITOND: 4 mi. 797 of 2 Tnidentified.
Harsawes
(Fi.g« 2. oc. }.)

FARVICKs 4 mi. Te of 7 Atrichum erispum (James) 3ull.
Harpersville. §Zima@§§§ americanum Bride.
(Pig. 2, oc. 16) Sphagnum imbricatum lornsch.,

vare. afiine (Re& C.)iarnste.
Thuidium delicatulum (Hedw.) Hitt.
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TABLZ I {(£ouT'h.)

HO 3565 AD HA2ATIESS SURNMQUNDING HUIIDACSTY LU T WIsT3

sounty and Locality Hoe of ;pecies of mogses and hepatics
H ta
VARGICK: 14 mie 4. of 52 Climaciun americanum Brid.
Denbigh. Climaciun kindbergzii(R. & C.;Grout
{¥ize 2, Locs. 15) antodon geductrix (Hedw.) C. Muell.

surhynchium gerrulatum (Hedw.) Kind.
dypnum curvifolium Hedw.
Hypnum patientiae lindb.
Leptodictyum ri {Hedw.) Jarnst
Leptodictyum trichopod (3chu. ).
Leucobryum glaucun (Hadw.)} Schimp
Lophocolea cuspidata (Hees.)Limpr.
Lophocolen heterophylla (Schre} Dume
i guspldatum Hedw.
Pallavicinia lyellii(Hooke)S.F.Gray
Slagiotheciwn micans (Sw.) Paris
Eiélgstze iie

3l n
Tﬁuiﬁ delicatulum (Hedw.) Kitt.
Thuidium

microphyllum (Hedw.) Best

YORK: 2 mi. H: of 3 Climacium americanum Brid.
lightfoot. Znlum cusgigaium Hedw.
{(Fige 2, Locs 1C)

YORie 4 mie He of 1 imidentified.
Yilliamsburg.

(Pig. 2, Locs 12)

YORi: Yorktown areas 10 ZThuidium delicatulum (Hedw.) Mitt.
(*ige 2, lLoce 14) Sphagnun
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