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Abstract: [Objectives] We observed the testicular microstructure of Feirana taihangnicus throughout the
annual reproductive cycle to investigate its reproductive pattern. [Methods] We used histological techniques
(including hematoxylin-eosin method and micro-measurement technique) to observe the testicular
microstructures of F. taihangnicus in different months. The diameter of seminiferous tubules and the area of
testicular interstitial regions were measured and recorded. The relevant data were analyzed by ANOVA and
multiple comparisons. All statistics were performed in SPSS 22.0. [Results] The diameter of seminiferous
tubules, the structure of seminiferous tubules, and the area of testicular interstitial regions in F. taihangnicus
exhibited distinct annual cyclical changes. The diameter of seminiferous tubules was at its maximum when F.
tathangnicus emerged from hibernation in March. During the breeding season in April, the diameter of
seminiferous tubules showed no significant change compared with that at the time of emergence from
hibernation (Tables 2, 3). In May, when the breeding season ended, the diameter of seminiferous tubules
reached the minimum value in the annual cycle. From July to August, the peak period of spermatogenesis, the
diameter of seminiferous tubules increased significantly (Tables 2, 3). In October, as F. taihangnicus was
about to enter hibernation, the diameter of seminiferous tubules was already close to the maximum value
(Tables 2, 3). The spermatogenetic cycle of F. taihangnicus showed a discontinuous type. It took one year
from spermatogonial proliferation to spermiation. The spermatogenetic cycle of F. taihangnicus comprised
five stages with significant features. Spermatogonial proliferation lasted from June to July, when
spermatogonia proliferated extensively and formed numerous spermatogenic cysts within the seminiferous
tubules, and a new round of spermatogenesis started. The meiotic division period of spermatocytes was from
July to August. The primary spermatogonias within spermatogenic cysts underwent two successive meiotic
divisions to form a large number of spermatids. Sperm formation was from August to September, when the
spermatids within spermatogenic cysts underwent a process of maturation known as spermiogenesis to form
bundles of spermatozoa. Sperm storage was from October to March of the following year. The spermatozoa
were distributed in bundles within seminiferous tubules and matured after hibernation. As the maturity of
spermatozoa increased, the motility gradually strengthened, and thus the arrangement in seminiferous tubules
became more disordered. Sperm expulsion was from the end of April to May of the following year, when most
of the spermatozoa in the seminiferous tubules were expelled from the body. Meanwhile, the diameter of
seminiferous tubules was significantly reduced, and a small amount of spermatozoa and shed sertoli cells
remained in the lumen. While only a single layer of spermatogonia and a few sertoli cells remained on the
tubule wall (Fig. 3). During the breeding period, the interstitial regions of the testis were clearly visible. There
were many interstitial cells around the seminiferous tubules, which were large in volume. Shortly after the end
of the breeding period, the area of testicular interstitial regions reached its peak, and then gradually decreased,
reaching its minimum before hibernation. During hibernation, there was no significant change in the
interstitial area. After emerging from hibernation, the interstitial area showed almost unchanged compared
with that before hibernation (Tables 5, 6). Interstitial cells showed marked morphological changes before and
after breeding, playing a key role in regulating sex hormone synthesis and secretion. This might explain the
appearance and disappearance of secondary sexual characteristics in male F taihangnicus. [Conclusion]
Significant seasonal variations were observed in the testicular microstructure of F. taihangnicus. The

spermatogenesis in F. taihangnicus started in June and ended in May next year. The spermatogenetic cycle of



* 850 - B2 E Chinese Journal of Zoology 60 &

F. taihangnicus is similar to that of other reported anuran amphibians, both consists of five stages:

spermatogonial proliferation, meiosis of spermatocytes, sperm formation, sperm storage, and sperm release.

However, there are some differences in the start and end time of each stage between different species (Table 7).

The results enrich the basic information of amphibian reproductive biology and lay a foundation for the

breeding and conservation of F. taihangnicus.
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Fig. 1 Testicular microstructure of Feirana

taihangnicus
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Fig.2 Long diameter (LD) and short diameter (SD)
of seminiferous tubules in the testes of Feirana

taihangnicus
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Table 1 ANOVA of seminiferous tubule diameter in Feirana taihangnicus across different months

SR NG A p
feftisal B5RANE P B B R
Grouping by diameter Source of variation
#H17] Between groups 988 038.217 5 197 607.643 86.657 <0.001
.
%ﬂ.ﬁ 4H P9 Within groups 670 420.220 294 2280.341
Short diameter
St Total 1658 458.437 299
¢H 7] Between groups 1 647 473.067 5 329 494.613 108.682 <0.001
. A
JK.{I 4H P Within groups 891 326.600 294 3031.723
Long diameter
ST Total 2538 799.667 299

df TR HHE; 2 FRRWTT; SS FoR T AL

df indicates degrees of freedom; s?indicates mean square; SS indicates the sum of squares.
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£2 PEABKITRIDBERNMNEERNER
CPI9E + prfEE, LSD )
Table 2 Differences in the diameter of seminiferous

tubules of Feirana taihangnicus in different months

(Mean = SD, LSD)
A %1% Short diameter ~ K:4% Long diameter
Month (um) (wm)
3 H March 297.22 +52.20%4 370.22 £ 45,5124
4 A April 284.02 + 45.1924 365.64 + 59.2624
5 H May 137.92 +29.16"B 172.82 + 34.18%B
7 H July 185.8 £20.62<C 232.72 £ 33.67
8 H August 239.3 +46.569° 318.56 + 61.6094

10 A October 275.48 £ 72.0934 351.84 £ 78.40%

FFbR A A RRE 7/ FOR B 2R REE (P <0.01);
FFIbRA A RN R RORA R ZER B (P <0.05); FHER
HHRANGFREERRANZRFALEE (P>0.05).

Means with different capital letters in the same column indicate
extremely significant differences between groups (P < 0.01); Means
with different lowercase letters in the same column indicate
significant differences between groups (P < 0.05); Means with the
same lowercase letters in the same column indicate that the

differences between groups are not significant (P > 0.05).

KB, A A S BT XA AR (Fs, 210

=13.05, P<0.01) fAfEfRREEZRME (K4,
ZENRERKY (RS, 6), 5 ARITHEAL
R SR o X AR B K, 5 HAR S H Z (35 f7 1
WREMEZESR (P<0.01), 4 HF 7 Ak 5N
FREARRZ, 53 A, 5 AR 10 AZ AL
WEEEER (P<0.01), 8 H K5 H[a] i R
BN, IS 5 A Z AR B E N E S
(P < 0.01), 3 HA 10 A a5 X &N,
54 7.5 AM T AZWAEEN B E N ZE R (P
<0.01),

ORAT B AL 0k A S5 1) g X [ AR 77 A B 2
PR . 3 H, RATRENTIE ), K
B R X RSN 4 H, KATBEATL N
FEIA, K SLIA) 5T X THAR 5 B ISR B 2 5
(P<0.00). 5 H, KATFENLIEZHE BN
K LR X AR S 4 FAREGAT A B B3 (P <
0.01). 7 HF5EA X ARE 5 HAH BT R
(P <00, 54 AEEMmAREZRE. 8 H
K B IR) o X AR 4R S 10 B, RATREATEE
FEIENAHIRET, R 58 0A) o1 X T AR Al & H 4 B
i, 5 H B R SR o AR 430

K3 ARAABKTREIDEER MEERNZEHE (LSD )
Table 3 Multiple comparisons of the diameter of seminiferous tubules of Feirana taihangnicus

in different months (LSD)

e IR

(D > Month
Grouping by diameter R#

P ZEME X-D)

4 A April
5 A May

3 H March 7 H July

8 H August
10 A October

5 A May

7 A Jul
ot 4 A April Y

Short diameter

5 A May

7 A July

8 H August

8 H August
10 A October
7 A July

8 H August
10 A October
8 H August
10 A October

(> A Month Difference in means (I - J) r
13.20 1.000
159.30 <0.001
111.42 <0.001
57.92 <0.001
21.74 0.353
146.10 <0.001
98.22 <0.001
44.72 <0.001
8.54 1.000
- 47.88 0.000
-101.38 <0.001
- 137.56 <0.001
- 53.50 <0.001
- 89.68 <0.001
-36.18 0.003

10 A October
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ny PYEZEME A-D
Tl{aﬁ\ E (D A4} Month (3> A4 Month _q: e : E P
Grouping by diameter Difference in means (I - J)
4 H April 4.580 1.000
5 A May 197.40 <0.001
3 H March 7 A July 51.66 <0.001
8 H August 18.38 1.000
10 A October 137.50 <0.001
5 H May 192.82 <0.001
7 A July 47.08 <0.001
KAt 4 7 April
. 8 H August 13.80 1.000
Long diameter
10 A October 132.92 <0.001
7 A July - 145.74 <0.001
5 H May 8 H August - 179.02 <0.001
10 A October - 59.90 <0.001
8 A August -33.28 0.041
7 A July
10 A October 85.84 <0.001
8 [ August 10 A October 119.12 <0.001
K4 NFE RO ARATREALERE SR BT AR 7 2047
Table 4 ANOVA of interstitial area of testes in Feirana taihangnicus across different months
RTRIE ss df 2 F P
Source of variation
#H 7] Between groups 18522 129.41 5 3704 425.89 13.05 <0.001
AN Within groups 59 627 865.37 210 28394222
St Total 78 149 994.78 215

df FoR A H B 2 RRBT; SS KT Al

df indicates degrees of freedom; s?indicates mean square; SS indicates the sum of squares.

2.4 RERAASHIER RN

AN/ BE A AR R T A S O R A
JIWEAEAL . 3, KATREATRES R MR, Bl
Sih, RSN B R, RIR. B
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#£5 AFEAGARITREILERLRRERNER
(LSD i)
Table 5 Differences in the interstitial area of testes of

Feirana taihangnicus in different months (LSD)

A4 FHME (um?)
Month Mean (um?)

3 H March 1442.77 + 402.66<C
4 H April 1 845.24 + 582.12bB
5 H May 2 289.59 + 644.402A
7 H July 1 818.24 + 612.74%B

8 H August 1 644.89 + 428.60b<BC

10 A October 1426.96 + 477.77<C

FFbRA A RRE 7/ FOR B 2R REE (P <0.01);
FFA R RNGFRERRARNZREE (P<0.05); Rk
AHFEVNG FREE FR A ZRAEE (P>0.05).

Means with different capital letters in the same column indicate
extremely significant differences between groups (P < 0.01); Means
with different lowercase letters in the same column indicate
significant differences between groups (P < 0.05); Means with the
same lowercase letters in the same column indicate that the

differences between groups are not significant (P > 0.05).

£ 6 AFH AT RE AT RS 518 R E AR K £ E HEL
(LSD %)
Table 6 Multiple comparisons of the interstitial area

of testes of Feirana taihangnicus in different months

(LSD)
\ PEMEZEME A-D
O Ty S e
Month Difference in means (I - J)
4 H April - 402.47 0.002
5 A May - 846.82 <0.001
3 H March 7 H July -375.47 0.003
8 H August -202.12 0.109
10 A October 15.81 0.900
5 A May - 44435 <0.001
7 H July 27.01 0.830
4 H April
8 H August 200.35 0.112
10 A October 418.29 0.001
7 H July 471.35 <0.001
5 H May 8 H August 644.69 <0.001
10 A October 862.63 <0.001
8 H August 173.34 0.169
7 A July
10 A October 391.28 0.002
8 H August 10 A October 217.94 0.084

8 H, RATHENTIERS S A ARG K &,
AR /N N R 20 K TR 40 B L 5 Ik B 43 24,
TE BRSNS T4 . R A DR T 41
IEfEHHT RS KE, BRRGESK, 54 T4E
WE/NEE) SR, MRS ks £ )5 7, JEK Rk
HHLzAR, BECHE TR, /540 T AR/
B g, R, AR R /N FEES BRAKSRTE M OT
W (K 3e).
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KRGS, RS RS . HR SR
VHAREEIG R o AERE/INE A T DA R B
BA&Eahae /1, AR/ NI, TN
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R AR NE I . ERE BT LD R R
Y e SRR (B 36), B3R A b HE
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FE RN .
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ANIE A K AR A S5 R W8 o i, RAT AL
ek AR R R 20 5 BB, BB Bk 6
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L PRI T R R A 2 T RO R T L
BB 8 HZE 9O H, AT, Ak
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T VUM B 10 A &2384E 3 A, G T A7 1,
W BORRI SRR NE R, S &IREE
B BB RS T I AR ok sy, B3
RE 112 TIN5, 72 AR RS /INE H HES 5 N 25 3L .
FBHMBEEE 4 AIRE S H, A THEHR I,
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ANBRE, AR B E R SR A B/ B ST R
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Fig.3 Annual variations of the testicular microstructure of Feirana taihangnicus

a3H:ib4H; c5H; d7TH: e.8 ;s £10 A In. [EFRAUAE; Ps. WIZHEEEAUM; Se. IRGUREREANME; Sg. A5)E4UME; Sp. #57; Spe.

KU St SRR

a. March; b. April; c. May; d. July; e. August; f. October. In. Interstitial cell; Ps. Primary spermatocyte; Se. Secondary spermatocyte; Sg.

Spermatogonia; Sp. Spermatozoa; Spe. Spermatid; St. Sertoli cell

NEEE . ANESFIEAEE S 3 Fh (Tsiora
et al. 2001). JEBRKE TR AARIE AR AT
[0 FT ARG SE P AR R /N BE TR KRG L RS
BHE . TR IS, E LT R A A
T ML DX A 3 T AR X 3o A I TE R R
2% (Ferreira et al. 2008, Olea et al. 2021), &
[ 43 A BB i (Paa spinosa) (HK = R %5
2004) FIHJE T AR, ARSI TR A
TERG AR IR R R e =5 A4 8 B

Bl o, AEAEAE—ANAERS B RS S A T 66
Nk, R AR A R A W
AR IR AT HI X, ELUARS S ) R AR A
HUE R A EIHAR — 2, anZe & b [ ek
(Rana chensinensis) (W25 2005). &iE
(Nanorana pleskei) (NN 2007) FEE L
(F. quadranus) (ZEVH 2003, ENIHE 2007)
o BRI A IR AT HL X TC R AR —
FhH WA T K AR, EATETIRBIRR, K
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FAEAERS/INE TR R RN AT WLAERS NS N
73 K IR A M T UR G 5 T A K N, 7R —
ANERE ISR LR/, F—E T RED
2 a5, wgi il EAREE (B 2011). A
SCMEREE R IR, KATRATEEAE R TR AR
W, ZERE/INE N S A R AR I R B BN A,
TE—MER G R G A M T —Re ke,
A RERAE TAESR . KAT B AT IE A R 27
EREATEEARIL (ZEWHE 2003, EEENHE 2007).
32 RBTFRARRSEHEER

RATRENL S 2 RE & (Eie
2007). FEALEE (Z=TEHE 2003, EFIHE 2007).
i E M (A% 2005, Bl 2011) kT
KA REFEAARL, — 4 I 1 AR T,
P12 3 s L2 o 184 e U0 A5 £ P i 2 24 10
KT I AR FHE I 5 ANEY
Bto X LS 7R AR 5 A B
IR AT Gevh Lee, BT AT 25 B B Ak 1
A AFAE—E 25 (R 7). MK IR 4T i 18 4 15
FEUE IR 7T A 56 AT 75 B 8], AT R AT
BEATSE . Zidk B/ b1 EAREE, RS T A7
(B J7TH, ARATRENTEE. BEATEE, FRiEE L T

EEP7N.G

AT P ATk 5 i b o 1 R A o R 22 S
Ko BRI IE— 4 P BT 1, AR
WFFIET 9 HIEH, AMRMENE (10 HE¥43
H) AERESIRTSE, (BRI, 4 H4E
FEIEENTEER, 5 HIAB|mEE; 5 IR TES)
FHiET 6 A, 8 Hik B mg (K E 2REE 2004) .

TR PIEZERE T 1 R AR R S AR R R
K% (Koetal. 1998), it b ERIENI TR
PR ARG IS AR, W] WA [P i S5 B S s A7
TEZESR . RATEEATHE:. FEATEE (Z=THE 2003,
EUNME 2007) AEEE (BIENME 2007) EER
B a8l PIER. KIEAERNE . W RAER
S IAEE, M6 ~7 AAHE, £9~10H
Nk, JiRF4) 4 AN H st SR AR S8 BORS SR 41 i 1
B AREREAN MR A R TR SR T AR A
BBt EATF R B IR R E B AR
W, SRGERRE T ARG, R BRI, H4b,
AT IR s K, D2 6 ~ 7
MH, R HE RS A R E B R
Zeal R T, bR BRI
E AR (4% 2005, Bl 2011) MR

K7 NFETTREARANS A HZH Bk kit R

Table 7 Start and end time of stages in the spermatogenetic cycle for different anuran amphibians
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