reaching the sea during spring freshets,
to be carried well offshore, become
waterlogged, and sink to the bottom

According to Jannasch et al. (14)
microbial decomposers, other than
those which may occur in the gut of
invertebrates (15), exhibit little activ-
ity at great depths, and Kohlmeyer
(16) reports the same for fungi. The
Xylophagainae utilize wood both as a
substrate and for food (either as host
organisms for symbiotic bacteria in the
gut or by means of an endogenous cel-
lulase). It is now apparent that they
are the most important deep-sea orga-
nisms involved in converting woody
plant material to available food sources
(i) in the form of fecal pellets for
detritus feeders, (ii) as larvae or adults,
exposed by the disintegration of the
wood, for -predators, and (iii) as dead
remains for scavengers.

High population densities, high re-
productive rates (17), early maturity,
rapid growth, apparent ease of disper-
sal, and the ability to utilize a transient
habitat make these wood borers classic
examples of opportunistic species (18),
the first recorded for the deep sea.

It has been noted that dredge hauls
rich in terrestrial plant material also
contain a great variety of animals
(19-21), indicating that a patchy, un-
even distribution develops around is-
lands of such material. Wood carried
far out to sea and sinking at scattered
points is relatively transient and favors
opportunistic species. In deep water off
the mouths of rivers, off swampy or
wooded coastlines, and in trenches,
wood is a more common feature of the
bottom (21) and produces a continu-
ing patchy environment. These more
persistent but constantly shifting “is-
lands” allow for the development of
opportunistic species, serve as dispersal
centers from which larvae emanate to
settle on isolated islands, and con-
tribute to habitat diversity, niche spe-
cialization, and enrichment.

The arrival of wood on the bottom
may be thought of as a “predictable
disturbance” in the sense of Dayton and
Hessler (22), the role of the borers as
decomposers of the wood being com-
parable to that of the “croppers” in
utilizing and distributing the animal
remains. The predictability of the ar-
rival of wood on the bottom allowed
for the evolution of the Xylophagainae,
while the unpredictability of the point
of arrival led to their opportunism.
Such disturbances do not detract from
the stability-time hypothesis proposed
by Sanders (23) to explain diversity in
the deep sea. Rather, they add factors
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Fig. 3. Section through the panel in Fig.
2, showing burrows entering from both
sides, the specimens meeting in the mid-
dle. (The scale is marked in millimeters.)

contributing to diversity without alter-
ing the present view of the abyss as a
predictable environment.

The validity of these ideas can be
tested by (i) analyzing the effects of
introducing islands of woody plant
material and (ii) dredging and sub-
mersible programs designed to look at
the quantity and distribution of land
plant material in the deep sea in con-
junction with a study of river effluents
and ocean currents.

RutH D. TURNER
Museum of Comparative Zoology,
Harvard University,
Cambridge, Massachusetts 02138
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Succession: Similarities of Species Turnover Rates

Abstract. The rate coefficients for species turnover (the proportion of species
lost per unit time) for successional communities decrease as the communities
approach some equilibrium state. This observation makes it possible to determine
the parameters of a two-parameter model which quantifies the time variation of
successional changes in the second derivative.

Several investigators (/) have noted
common features of ecological succes-
sion (the orderly progression of eco-
logical communities through time); for
example, species diversity, structural
complexity, biomass, and perhaps sta-

bility commonly tend to increase with
the successional age (time since pertur-
bation) of an ecosystem. We examined
the rate coefficients for species turn-
over in published studies on succession
(2) to associate community dynamics
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with succession. Species turnover rate
is defined as the number of species lost
from a community per unit time, and
the rate coefficient is derived from the
model

L =2\S ()

where L is the species turnover rate,
S is the number of species in a com-
munity, and A is the rate coefficient.
The species turnover rate is a term of
a general model,

ilﬁ:l——L

dt (2)

where I is the input or colonization
rate of new species into the community
and ¢ is time. In a dynamic system
operating as indicated in Eqgs. 1 and 2,
one can solve for A by the formula

S(t) = $(0)e

where S(0) is the number of species
present at some time zero and S§(t) is
the number of the same species re-
maining at some time ¢t. We solved for
A by using linear regression with a
logarithmic transformation on the de-
pendent variable. By calculating a A
value for each of the communities in
a successional sequence it is possible to
determine the change in A with the age
of the seral communities.

For all communities examined, A was
found to decrease with the age of the
community, which indicates a decelera-
tion in the rate of species loss. This
pattern applies to heterotrophic and
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autotrophic successions, aquatic and
terrestrial successions, and successions
in laboratory microcosms and large
natural ecosystems. Since species turn-
over can be applied to quite different
communities, it is a usable index for
comparative studies on successional
systems.

Figure 1 shows the species turnover
rate coeflicients plotted as a function
of time (age of the community in the
successional sequence). In these five
examples the dependent variable, A,
and the independent variable, ¢, are
both in logarithmic form. A logarithmic
transformation on the time axis seems
appropriate in that field investigators

- typically sample successional sequences

according to a quasi-logarithmic sam-
pling scheme (for example, communi-
ties might be sampled at 1, 2, 5, 10,
17, 35, 60, and 100 years). By using
regression to fit the time-varying nature
of A, a two-parameter expression for
the loss of species is provided, namely

log (\) = b log (t) + log (a)

or
A =at®

where a and b are model parameters
which can be used to quantify succes-
sional dynamics. In all examples (Fig.
1) b is negative, indicating that species
loss decelerates with time. Since A is
fitted by a power function of time, this
deceleration is most pronounced early
in the successional sequence. The pa-

rameter a quantifies the initial velocity
(turnover rate) of species loss.

In Fig. 1, b, d, and e, the slopes are
similar but the a values are quite dif-
ferent. This indicates that, although the
decelerations appear to be similar, the
species turnover rates differ consider-
ably. In forest succession in Alaska
(Fig. le) species are retained for a
longer period of time than in forest
succession in North Carolina (Fig. 1d).
Species in a bird community in Georgia
(Fig. 1b) turn over more slowly than
plant species in a piedmont community
in North Carolina (Fig. 1d).

In the other examples, the slopes in
Fig. 1a (forest succession in the central
basin of Tennessee) and Fig. lc (forest
succession in the Ozark plateau of
Arkansas) are rather similar and differ
significantly (P =.95) from the slopes
in Fig. 1, b, d, and e. Since the values
of b for mesic successions (Fig. 1, b,
d, and e) are similar to one another
but significantly different from those
for xeric successions (Fig. 1, a and c¢),
one might infer that this parameter is
determined by local site conditions,
whereas parameter a tends to vary geo-
graphically. In Fig. 1, mesic succes-
sions have values of b ranging from
— 0.997 to — 1.267, whereas Xeric suc-
cessions have much higher b values
(— 0.165 and —0.242), which indi-
cates that A decreases more rapidly in
mesic successions. For plant communi-
ties in Fig. 1, parameter a (the initial
rate coefficient for species loss) is larg-
est in the study in Alaska (— 0.504)
and is considerably lower (— 2.972 to
— 4.376) in studies conducted in the
southern United States, More complete
data sets need to be developed for the
determination of factors that influence
the magnitude of a and b and for com-
parative studies of turnover rates of
different functional groups (such as the
comparison between turnover rates for
bird and plant species in Fig. 1, b and
d).

Through landscape manipulation man
is altering successional rates. The magni-
tude of these effects is not known and
only quantification of natural processes
will provide the base data needed for
comparison. Determination of dynamic
successional parameters such as a and
b is imperative for the construction and
subsequent utilization of regional forest
succession models.

HerMAN H. SHUGART
JoaN M. HETT*
Environmental Sciences Division,
Oak Ridge National Laboratory,
Oak Ridge, Tennessee 37830
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Testosterone Concentration in the Male Chick Brain:

An Autoradiographic Survey

Abstract. Differential uptake of [$H]testosterone in male chick brain was found
in periventricular areas of preoptic-hypothalamic continuum. Concentration of
silver grains for all decapitation periods was especially high in the medial preoptic
area, particularly the nucleus praeopticus paraventricularis magnocellularis. Dis-
tribution of testosterone-sensitive cells is in agreement with studies showing
neuroanatomical control of reproductive behavior by the avian forebrain.

Recent studies using the domestic
chick have shown the preoptic-anterior
hypothalamic continuum to be involved
in patterns of reproductive behavior.
Specifically, precocial copulation in the
male chick has been activated by
testosterone implants in the preoptic
region (1), inhibited by progesterone
implants placed in the medial preoptic
area (2), and disrupted through
bilateral electrolytic lesions in the
anterior hypothalamus (3). These data
suggest that hormone-sensitive neurons
exist in the male chick brain, possibly
similar in neuroanatomical distribution
to the male rat, where autoradiographic
surveys have shown the presence of
androgen-sensitive (4) and estrogen-
sensitive (5) neurons.

The purpose of the present study
was to determine the topographical
distribution of androgen-sensitive cells
in the male chick brain by surveying
for the differential uptake of tritiated
testosterone. The  autoradiographic
technique has been a useful method
for mapping hormone-sensitive sites in
the mammalian brain (4, 5), and
recent studies (6) have incorporated
improvements in order to minimize
artifactual data due to diffusion of
water-soluble compounds. In the pres-
ent study, brain tissue was sliced in
a microtome-cryostat under safelight
and directly mounted on slides pre-
coated with photographic emulsion. The
resultant autoradiograms contained ade-
quate cellular resolution for the analysis
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of silver grain concentrations in various
neuroanatomical areas.

Fifteen male Rhode Island Red X
White Rock chicks were reared in
isolation. At 2 weeks of age, they
were subcutaneously injected with
200 pc (1.3 pg) of 1,2-[3H]testosterone
(specific activity 45 c/mmole), and
decapitated %2 hour (n = 3), 2 hours
(n = 4), or 3 hours (n = 5) later. One
chick for each of the three decapitation
times was injected with unlabeled
testosterone. Brains were removed after
decapitation and frozen in powdered
CO.,. Brain tissue was sliced at 6 pum
in a cryostat at —18°C, under safelight
conditions (7), and the sections were
mounted directly on slides precoated
with emulsion (Kodak NTB-3). The

Fig. 1. Autoradiogram showing cellular

uptake of [*Hltestosterone in nucleus
praeopticus paraventricularis magnocellu-
laris (X 450). Exposure 146 days, 3-
hour decapitation.

slides were then packed in lightproof
boxes, placed in plastic containers
under partial vacuum, and exposed in
lead-lined boxes at 5°C. After an
exposure period of 4 to 6 months,
the autoradiograms were developed and
stained with thionin.

Quantitative analyses of reduced
grains beneath brain cells were per-
formed for each of the 18 neuroanatom-
ical areas (8) given in Table 1. Fifty cells
were counted under bright-field mi-
croscopy at X 400 for each brain area
in every animal. Radioactivity beneath
cell bodies for the three decapitation
times is given in Table 1. These data,
grouped according to neuroanatomical
area, are presented in terms of mean
grains per cell body, and also as the
mean number of labeled cells, that is,
cells which contained 11 or more
silver grains. Highest mean uptake
over the three decapitation periods
was seen in the nucleus praeopticus
paraventricularis magnocellularis, which
consistently showed the greatest mean
concentration of reduced grains per
cell, as well as cells with 11 or more
grains. In addition, relatively high
mean grain counts were found in
the nucleus supraopticus, nucleus
praeopticus medialis, nucleus hypo-
thalamicus anterior medialis, nucleus
paraventricularis magnocellularis, and
nucleus hypothalamicus posterior me-
dialis. A labeled neuron in the nucleus
praeopticus paraventricularis magnocel-
lularis is shown in Fig. 1.

Generally, reduced grain content de-
creased as decapitation time increased,
although the nucleus praeopticus
paraventricularis magnocellularis re-
tained high mean grain counts for
all three decapitation periods. Chicks
injected with unlabeled testosterone had
low concentrations of silver grains
throughout the brain, and averaged
no higher than 1.03 = 0.37 grains per
cell in any neuroanatomical area. In
no instance did an unlabeled control
contain a cell with 11 or more grains.
Moreover, experimental slides which
had been fogged with light showed no
fading of the latent image.

In order to determine the highest
uptake over the three decapitation
times, the chi-square test was used
to compare neuroanatomical areas for
differences between labeled (11 or
more grains) and unlabeled cells. The
nucleus praeopticus paraventricularis
magnocellularis had scores for mean
labeled cells which were higher than
all other areas within the 2- and
3-hour decapitation periods (P < .05),
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