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The black toad, Anaxyrus exsul (Myers 1942), is a mainly diurnal species known only
from marshes and springs feeding Deep Springs Lake, Deep Springs Valley (37.333°N,
118.01759°W, 1,525 m elevation), Inyo County, California. The valley is enclosed between
the White and Inyo Mountains (Dodd 2013). The entire natural range of A. exsul is limited
to approximately 15 ha, one of the smallest ranges for any North American amphibian
(Green et al. 2013). Because of this small distribution there is concern that an environmental
catastrophe such as introduction of a disease or predator could result in the extinction of A.
exsul (Green et al. 2013).
Information on A. exsul reproduction is limited. Anaxyrus exsul reproduction occurs
in freshwater marshes and sloughs associated with Deep Springs Lake (Dodd 2013). Breeding of A. exsul occurs in the early spring, from late March to late April (Schuierer 1962;
Kagarise Sherman 1980). Stebbins and McGinnis (2018) reported A. exsul breeding occurred
from mid-March to May, perhaps as late as June; they are active in the fall until November
(Dodd 2013). Anaxyrus exsul is rated critically imperiled (G1) by NatureServe Explorer
(2019), state threatened in the California Natural Diversity Database (CNDDB 2019) and
vulnerable by Hammerson (2004). In this paper, I provide additional information on the
reproductive cycle of A. exsul from an examination of museum specimens. The values for
minimum sizes for males and females at maturity, based on histological examination, may
be valuable in efforts to reestablish or maintain populations of A. exsul. The use of museum
collections for obtaining reproductive data avoids euthanizing specimens and avoids the
need for collecting permits from state and federal authorities.
I examined a sample of 22 A. exsul from Inyo County, California collected 1954 to
1967 consisting of 15 adult males (mean snout-vent length, SVL = 46.5 mm ± 4.0 SD, range
= 38–51 mm) and seven adult females (mean SVL = 50.7 mm ± 2.3 SD, range = 48–53 mm)
from the herpetology collection of the Natural History Museum of Los Angeles County
(LACM), Los Angeles, CA, USA.
I made a small incision in the lower part of the abdomen, removed the left testis from
males and a piece of the left ovary from females, embedded them in paraffin, cut sections
at 5 µm and stained them with Harris hematoxylin followed by eosin counterstain (Presnell
and Schreibman 1997). I deposited histology slides at LACM and tested for differences
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between adult male and female SVLs using an unpaired t–test (Instat, vers. 3.0b, Graphpad
Software, San Diego, CA).
The testicular morphology of A. exsul is similar to that of other anurans as detailed in
Ogielska and Bartmanska (2009a). Within the seminiferous tubules, spermiogenesis occurs
in cysts which are closed until the late spermatid stage is reached; cysts then open and differentiating sperm reach the lumina of the seminiferous tubules (Ogielska and Bartmanska
2009a). All fifteen adult males in my sample exhibited spermiogenesis. By month these
were: April (N = 2), June (N = 4), November (N = 9). One June male (LACM 36676, SVL
= 48 mm) contained only small clusters of sperm in the seminiferous tubules, in comparison
to the abundant sperm in the testes of the other males. Because of the presence of sperm, I
considered this male to be an adult, although it is not known if it would have successfully
mated. The smallest mature A. exsul males exhibiting full spermiogenesis measured 38 mm
SVL (LACM 26128, 26144) and were from November. Wright and Wright (1933) measured
body sizes (body length) from the tip of the snout to the rear end of the body back of the vent,
(equivalent to SVL), and reported adult males of A. exsul ranged from 44 to 59 mm in body
length. The smaller value for male maturity of A. exsul reported herein may by the result of
my histological examination of the testes which was not done by Wright and Wright (1933).
The mean SVL of A. exsul females was significantly larger than that of males (t = 2.6,
df = 20, P = 0.017). The ovaries of A. exsul are similar to those of other anurans in being
paired organs lying on the ventral sides of the kidneys; in adults the ovaries are filled with
diplotene oocytes in various stages of development (Ogielska and Bartmanska 2009b). Mature oocytes are filled with yolk droplets; the layer of surrounding follicular cells is thinly
stretched. My female sample consisted of seven: two from April, three from June and two
from November. All were in spawning condition in which mature oocytes predominated.
Adult females of A. exsul ranged from 46 to 61.5 mm in body length (Wright and Wright
1933). The smallest mature A. exsul females (in spawning condition in my LACM sample
both measured 48 mm SVL (LACM 26097, 26098) which is within the size range for adults
of A. exsul in Wright and Wright (1933).
Atresia is a widespread process occurring in the ovaries of all vertebrates (Uribe
Aranzábal, 2009). It is common in the amphibian ovary (Saidapur 1978) and is the spontaneous digestion of a diplotene oocyte by its own hypertrophied and phagocytic granulosa
cells which invade the follicle and eventually degenerate after accumulating dark pigment
(Ogielska and Bartmanska 2009b). See Saidapur and Nadkarni (1973) and Ogielska et al.
(2010) for a detailed description of stages of atresia in the frog ovary. Atretic follicles were
observed in (100%, 7/7) of my A. exsul mature female sample. Atresia plays an important
role in fecundity by influencing numbers of ovulated oocytes (Uribe Aranzábal 2011). Incidences of atresia increase late in the reproductive cycle when follicles that did not ovulate
are resorbed (Saidapur 1978). Saved energy is presumably utilized in the next activity season. The causes of follicular atresia in nonmammalian vertebrates are not fully understood
although it has been associated with captivity, food availability, crowding and irradiation
(Saidapur 1978). In amphibians adverse environmental conditions such as starvation and
suboptimal lighting may cause atresia of vitellogenic oocytes (Jørgensen 1992).
It is likely the two gravid A. exsul females from November would have kept their
eggs until spring before spawning. This appears to be the case for Rana boylii (Goldberg
2019; Zweifel 1955) and Rana cascadae (Goldberg 2020), both from California, in which
females from autumn with mature oocytes apparently delay spawning until spring. Jørgensen
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et al. (1979) reported that by the time of hibernation, ovaries are close to breeding size in
frogs from the temperate zone. Therefore, it may be advantageous for A. exsul to be capable
of spawning soon after emergence from hibernation rather than delaying reproduction to
undergo a period of yolk deposition.
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APPENDIX
Twenty-two A. exsul from Inyo County, California examined from the herpetology
collection of the Natural History Museum of Los Angeles County (LACM), Los Angeles,
California. LACM 26091, 26092, 26094, 26097, 26098, 26105, 26114, 26118, 26128, 26135,
26137, 26140, 26142, 26144, 26147, 26148, 26154, 26156, 26158, 36673, 36676, 87716.

