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Fluctuations in plasma testosterone concentration during the testicular cycle of 
adult captive redwinged blackbirds were measured by radioimmunoassay. A peak in 
testosterone (range: 24.8-27.4 ng/lO ml) was associated with small testes that weighed 
less than 100 mg in the photosensitive stage. In the regressive stage, testosterone con- 
centration was uniformly low (mean * SEM: 6.6 &- 0.6 ng/lO ml) over a range of 
gonadal weights (range: 6.5-799.8 mg). Surprisingly, testosterone was detected in birds 
in the refractory stage maintained on a long photoperiod for 35 days (7.7 + 0.6 ng/lO ml) 
and in two birds kept for about 27 weeks (10.3 and 12.3 ng/lO ml). The relationship 
between plasma testosterone levels and the extent of testosterone synthesis by black- 
bird testes is discussed. 

The regulatory mechanisms involved in 
the initiation and maintenance of photore- 
fractoriness during the avian testicular cycle 
remains unresolved (for general reviews see 
Farner and Follett, 1966; Lofts and Murton, 
1968; Lofts, 1970; Lofts et al., 1970). The 
modulating effects of intrahypothalamic im- 
plants of testosterone (Gogan, 1967, 1968; 
Gogan and Kordon, 1964; Kordon and 
Gogan, 1964, 1970; Wilson, 1970; Stetson, 
1972; Cusick and Wilson, 1972) or cypro- 
terone, an androgen antagonist (Cusick and 
Wilson, 1972) and intrahypophysial im- 
plants of testosterone (Stetson, 1972) suggest 
that photorefractoriness involves a negative 
androgen feedback on gonadotropic function. 

Information on seasonal fluctuations of 
blood testosterone levels in birds has been 
reported only in the domestic duck (Garnier 
and Attal, 1970; Garnier, 1971). Although 
the testicular cycle of the domestic duck 
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includes a refractory stage, photorefractory 
drakes maintained on continuous light can 
resume testicular development (Benoit et cd., 
1950; Benoit, 1961) whereas this treatment 
extends photorefractoriness in many other 
species (Farner, 1959; Farner and Follett, 
1966). 

Recently, Payne (1969) and Kerlan (1972) 
have studied photorefractoriness in the red- 
winged blackbird (A gel&s phoeniceus). In 
contrast to the domestic duck, a long day 
length extended the refractory stage in 
blackbirds several months beyond the time 
of its natural termination (Kerlan, 1972). 
This observation provided the incentive to 
monitor changes in plasma testosterone 
during the testicular cycle. In the present 
study, plasma testosterone concentration 
was measured during the photosensitive 
(recrudescent), regressive, and refractory 
stages in captive adult male redwinged 
blackbirds. 

MATERIALS AND METHODS 

Adult male blackbirds were maintained at room 
temperature in large photoperiod rooms with a 
regimen of 18 hr light (0800 to OZOO), 6 hr dark 
(LD 18:6). The birds were not caged, but were 
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allowed free flight within each room. Food (Purina 
Game Bird Chow-Finisher) mixed with mineralized 
grit and wat.er were provided ad libitum. Vitamins 
(ABDEC Vitamins, Parke-Davis) were added to 
the water 1 day each week. Initial left testis size 
was estimated by laparotomy on all birds before 
they were placed in a photoperiod room, and 
changes in gonadal size were monitored on represen- 
tative birds at selected intervals during each trial. 
Birds were classified in the photosensitive stage if 
testicular size increased markedly between two 
observations. On the other hand, birds that were 
observed to pass through the photosensitive stage 
and then displayed a significant reduction in testis 
size were considered to be in the regressive stage. 
Since minimal size gonads are not exclusive to the 
refractory stage (Hamner, 1968), only birds whose 
testes failed to enlarge after 1 month of exposure to 
the LD 18:6 regimen were considered photorefrac- 
tory. In one experiment, the refractory stage was 
extended from July 15 to February 5 by continuous 
maintenance of the birds on this long photoperiod. 

Blood was collected from decapitated birds, and 
the plasma was immediately frozen until assayed. 
Plasma was extracted twice with 5 ml of benzene: 
hexane (1: 2, v/v) and quantitated by the method 
of Ismail et al. (1972). Although this method has not 
been specifically validated for bird plasma, plasma 
testosterone levels of redwinged blackbirds measured 
in this study fell within the range of values reported 
in other avian species (Rivarola et al., 1968; Jallageas 
and Attal, 1968; Furr, 1970; Jallageas and 
Assenmacher, 1970; Garnier, 1971). 

RESULTS 

Variation in plasma testosterone con- 
centration during the testicular cycle is 
shown in Tables l-3. In the photosensitive 
stage, the highest levels were associated 
with small testes that weighed less than 
100 mg. It is of interest that an inverse 
relationship existed between testosterone 
concentration and testicular weight in birds 
with larger gonads during this stage. 
Minimal plasma levels in the photosensitive 
stage were associated with the largest testes. 
Plasma testosterone concentration during 
the regressive stage was diminished and 
relatively constant (mean ZIX SEM: 6.6 f 
0.6 ng/lO ml). The mean plasma testosterone 
level in photorefractory birds that had been 
maintained on a LD 18: 6 regimen for 35 
days was 7.7 f 0.6 ng/lO ml. It also was 
of int’erest to find that the mean plasma 
testosterone concentration in photorefrac- 

TABLE 1 
VARIATION OF PLASMA TESTOSTERONE 

CONCENTRATION DURING THE 
PHOTOSENSITIVE STAGE 

Duration of 
Plasma photostimu- 

Testes weight testosterone lation 

(md (Ml0 ml) (days) 
- 

23.7 15.5 17” 
37.9 24.8 17” 
.53.7 27.4 17a 
86.3 26.3 17” 

125.0 22.9 17* 
176.2 18.8 17” 
254.7 17.2 17” 
256.3 12.3 17” 
258.1 8.6 17” 
346.3 4.6 37c 
349.1 7.7 17” 
365.3 4.4 37e 

0 March 17-Apri12. 
6 February 17-March 5. 
c December 30-February 4. 

TABLE 2 
VARIATION OF PLASMA TESTOSTERONE 

CONCENTRATION DURING THE 
REGRESSIVE STAGE 

Testes weight 

bd 

Duration of 
Plasma photostimu- 

testosterone lation 

h/lo ml) (days) 

799.8 4.9 14s 
562.4 6.4 140 
318.7 8.8 71,’ 
172.2 6.9 71” 

73.8 7.9 45c 
61.4 7.0 45” 
28.9 4.9 14a 
22.9 5.1 14a 
22.5 5.2 45c 
18.1 4.9 45c 

6.5 11.0 71” 

a June 3June 17. 
b January 8-March 19 (days between laparotomy: 

31, 33, 7). 
c March 25-May 5 (38, 7). 

tory birds maintained on a LD 18 : 6 regimen 
for about 1 month was not statistically 
different from the average level during the 
regressive stage. Moreover, in a preliminary 
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TABLE 3 
VARMTION OF PLASMA TP:STOSTI:KONE 

CONCENTRATION DURING THE 
REFRACTORY STAGE 

Plasma Duration of 
Testes weight testosterone photostimulation 

bd bud10 ml) (days) 

7.3 7.3 350 
6.9 9.6 35a 
6.4 7.2 35a 
5.7 7.3 35a 
4.0 8.7 350 
2.3 4.6 350 
2.1 9.3 350 
6.5 12.3 205” 
3.5 10.3 205* 

0 July al-September 3. 
* July l&February 4 (days between laparotomy: 

62, 39, 68, 36). 

study of extended photorefractoriness, two 
birds which had been maintained in a 
refractory condition for approximately 27 
weeks had testosterone concentrations of 
10.3 and 12.3 ng/lO ml. 

DISCUSSION 
The plasma testosterone concentration in 

redwinged blackbirds falls within the range 
of values reported in other avian species. 
Maximum testosterone levels in blackbirds 
are higher than in quail (Jallageas and 
Attal, 1968) and in pigeons (Jallageas and 
Attal, 1968; Rivarola et al., 1968), com- 
parable to maximal levels in domestic 
ducks (Jallageas and Attal, 1968; Jallageas 
and Assenmacher, 1970; Garnier, 1971), but 
lower than in roosters (Furr, 1970). It should 
be noted that the method of radioimmuno- 
assay used here does not involve ehro- 
matographic isolation of dihydrotestoster- 
one, and this steroid displays considerable 
activity in the system. Therefore, estimates 
of plasma testosterone levels might be 
elevated. However, in an earlier study of 
blackbird testes, we failed to detect the 
in vitro production of dihydrotestosterone 
from radiolabeled pregnenolone and proges- 
terone (Kerlan et al., 1973). 

The similarity between testosterone levels 
in birds with large testes in the photo- 
sensitive stage and regressive stage suggests 

that’ the decline in plasma tcstosteronc con- 
centrat,ion precedes testicular regression. 
This is in agreement wit,h studies of plasma 
testosterone levels in t’hr duck (Jallageas 
and Assenmacher, 1970; Garnier, 1971). In 
the duck, testicular vein testost’erone con- 
centration also decreases prior to gonadal 
regression (Garnier and Attal, 1970). The 
depression of plasma t,est.osterone concentra- 
tion in blackbirds is consistent with the 
observation that in vitro production of 
testosterone is low in large testes during the 
regressive stage (Kerlan et al., 1973). 

In redwinged blackbirds, marked dis- 
crepancies exist between plasma testosterone 
concent’ration and the capacity for testos- 
terone biosynthesis in vitro during the same 
period of the t.esticular cycle, and often in 
the same bird. We have reported that a 
second increase in testosterone formation in. 
vitro occurs in small testes in the regressive 
stage (Kerlan et al., 1973). This increase in 
testosterone synthesis, however, is not as- 
sociated with an elevation in plasma testos- 
terone concentration. This difference may 
reflect a decrease in testosterone permea- 
bility of the blood-testis barrier serving to 
retain testosterone within the t’estis. The 
physiological role of testosterone during this 
period is unknown. 

The detection of circulating testosterone 
in the refractory stage was surprising, as 
testosterone formation from isotopic pre- 
cursors could not be detected in these testes 
(Kerlan et al., 1973). This discrepancy may 
result either from t,he rapid conversion of 
testosterone to other steroids during the 
incubation or the extragonadal secretion of 
testosterone, perhaps by t,he adrenals. The 
latter explanation is consist,ent with the 
finding of testosterone in the plasma of 
ducks 1 month after castration (Jallageas 
and Assenmacher, 1970). 

This preliminary report of the quantita- 
tion of plasma testosterone during the 
refractory stage of redwinged blackbirds is 
consistent with the concept of inhibitory 
androgen feedback of gonadotropic function. 
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