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Bone Morphogenetic Masculinization in Mosquitofish (Gambusia affinis)

Exposed to Municipal Waste Water in Guangzhou Creek
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Abstract: Skeletal development has dimorphism in mosquitofish (Gambusia affinis), and morphological
specializations of the anal fin and the hemal spines on the 14", 15" and 16" vertebrae in male mosquitofish
are under androgenic control, therefore, it can be used as a biomarker to monitor the androgen pollution in
water environment. Using the anal fin and hemal spine as morphology indicator, mosquitofish living in
Haizhu Creek and Huangpu Creek were sampled and detected in order to assess the endocrine disrupting
effects. We chose 4 sampling points including Baogang Avenue Section (BG), Hongde Section (HD) in
Haizhu Creek, Chigang Section (CG), Miaoyi Section (MY) in Huangpu Creek of Guangzhou City according
to the fish growth and fishing convenience (Fig. 1); at the same time, we set the center point of the lake in the
South China Normal University as a reference site (REF), which is not subject to water pollution in urban
areas. We measured the length of 4™ anal fin ray, and the length ratio of 4'" anal fin ray vs. 6™ anal fin ray (Fig.
2 and 3), and used the total length (L, um), perpendicular distance (P, um), depth (D, um), L/D ratios, P/D
ratios, P/L ratios of the hemal spines on the 14", 15" and 16" vertebrae in female and male mosquitofish as
indicators to assess the modification of skeletal morphology (Fig. 4). The total number of collected
mosquitofish amounted to 2 969, including 551 adult males, 568 larvae males, 765 adult females, 700 larvae
females and 385 pregnant females. The population structure and sex ratio of mosquitofish at each sampling
point from summer to winter were showed in Table 1. The results showed that compared with the reference
site, significantly extended length of 4™ anal fin rays in adult female mosquitofish collected from four
sampling sites of Haizhu Creek and Huangpu Creek in summer and winter was observed (P < 0.05 or P <
0.01); the length ratio of 4" anal fin ray vs. 6" anal fin ray was also significantly increased (P < 0.05 or P <
0.01); the anal fin rays displayed morphological masculinization in adult females. Although the 4" anal fin
rays length in adult males collected from four sampling sites was significantly less than that in the reference
site (P < 0.01), the length ratio of 4" anal fin ray vs. 6"anal fin ray was not significantly different (P > 0.05)
(Fig. 5). Compared with the reference site (REF), the P value of the length of 14", 15" 16™ hemal spine in
adult females collected from Baogang Avenue Section (BG), Hongde Section (HD) at Haizhu Creek, and
Miaoyi Section (MY) at Huangpu Cerrk was significantly increased (P < 0.05 or P < 0.01) (Fig. 6). The P/D
ratios of the length of 14™, 15" 16" hemal spines in adult females collected from Baogang Avenue Section
(BG) at Haizhu Creek, and Chigang Section (CG), Miaoyi Section (MY at Huangpu Creek were significantly
increased (P < 0.05 or P < 0.01); and the P/L ratios in adult females from Baogang Avenue Section (BG),
Hongde Section (HD) at Haizhu Creek, and Miaoyi Section (MY at Huangpu Cerrk were also significantly
increased (P < 0.05 or P < 0.01) (Fig. 7). The 14™, 15" 16™ hemal spines showed osteoarthritis, growth and
anterior direction, showing different degrees of morphological masculinization in adult females (Fig. 8).

However, the P value, P/D ratios and P/L ratios of the length of 14", 15" 16™ hemal spines in adult females
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from each sampling sites did not change significantly (P > 0.05) when compared with the reference site (REF)

(Fig. 9 and 10). The results indicated that the environmental endocrine disruptors in water of Guangzhou

Creek could produce the effect of morphological masculinization in female mosquitofish.

Key words: Municipal wastewater; Endocrine disrupting chemicals; Morphological masculinization;

Mosquitofish (Gambusia affinis); Guangzhou creek
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Fig. 1 The sampling sites in the Haizhu Creek and Huangpu Creek, Guangzhou
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BG. Baogang Avenue Section; HD. Hongde Section; CG. Chigang Section; MY. Miaoyi Section.
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(conductivity). #fif4e, (dissolved oxygen).
/KL (water temperature) FZK 5 2% (water
quality classification).
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Fig.2 Skeleton morphology of the anal fin and the hemal spines on the 14", 15" and 16™

vertebrae in adult male and female mosquitofish
a BARHEVE Rt b, ARENE RO, 14, 15, 16, 17 FoR4 14, 15, 16, 17 MEGRIKIE.
a. Adult male mosquitofish; b. Adult female mosquitofish; 14, 15, 16, 17 show the 14", 15" 16™ hemal spines.
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B3 EEKNENTETE

Fig. 3 The measurement and calculation of female

mosquitofish
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1 to 10 show the serial number of anal fin rays. There are 10 rays in
mosquitofish anal, from left to right are numbered 1 to 10 rays. In the
measurement of the length of fins, the distance between Al to A2 is
the length of fourth anal fin ray, and the calculation method is L = a +

b + c. B shows a section.
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Fig. 4 The skeletal morphology of mosquitofish

a. HEABIOBRT AL (L=a+b+c); b, D24 AHEARIRIBRII L 2 A (1 TR 25 . SRR BRP MR RIBIA i 15 3 s I BOB B 8 CHE

WRIKBRIRT T J7 IR, SRR FUED 5 144 15, 16, 174875514, 15, 16, 17HEMRBIOR.

a. Total length of hemal spine L (L = a + b + c¢); b. Depth (D) measured from the distal tip of the spine to the vertebral column; c. Perpendicular

distance (P) from the point of attachment to the tip of each spine (positive where the spines were anteriorly directed and negative where the spines

were posteriorly directed); 14, 15, 16, 17 show the 14", 15" 16™ hemal spines.
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Table 1 Water quality parameters at the sampling sites

AR .
s - . K (°CH KT 54
T 41 o 45 o BB (uslem)  (mglL) K b Wi:; /i %
Sampling point Location Season Conductivity Dissolved . q . y
temperature classification
oxygen
b 2 8.31 £0.05 204 £3.77 9.76 =0.13 28.35 +0.58 I
Referéh‘cl;\site 23°08562"N Summer
113<20'975"E A
(REF) - 6.81 +0.05 234 £2.17 10.91 +0.15 18.35 +0.38 I
Winter
g ELE s L o
T KIE B - 7.37 £0.07 295 +1.77 2.36 +0.33 28.65 +0.41 v
Baogang 2395'687"N  Summer
Avenue Section  113<15'632"E P
(BG) = 6.60 £0.01 335+2.38 1.16 +0.28 17.52 +0.31 V
Winter
it p e B 2 7.64 £0.07 306 £1.21 2.31 +0.35 28.65 +0.41 IV
Hongde Section 23°06108"N  Summer
g U3AL04E 4
(HD) = 6.80 £0.01 326 +1.11 1.31+0.33 17.38 +0.61 %
Winter
2 7.65 +0.08 359 +3.86 1.85+0.21 28.87 £0.76 \%
L .65 +0. +3, .85 +0. .87 +0.
gang 1320486'E
(cG) = 6.80 £0.01 379 £2.68 3.66 +0.25 20.08 =0.37 IV
Winter
LB 2 7.69 £0.02 549 +3.83 2.89 043 29.09 +0.25 IV
Miaoyi Section 23°05947'N  Summer
4 11320'670"E &
(MY) Wi;ter 6.89 +0.02 447 £2.73 5.11 +0.43 21.40 +£0.15 v

B P = hrvEZE” (0378, Datain this table are expressed as Mean +SD.
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Table 2 Proportion of mosquitofish sampled at each site
HEPE Male HEtE Female A f
Pregnant females
o mantissa
A#'.H‘ = R Adult X1k Larvae JEAR Adult X1k Larvae ()
Sampling Total
. Season .
point mantissa e
" - - o (ind) ) Lty
i }j et } }j et } }j Lt - Lefs Quantity "roPortion
e Proportion e Proportion e Proportion . Proportion (ind) (%)
Quantity g0y Quanfilty g Quantity gy Quantity ;s
(ind) (ind) (ind) (ind)
=]
ORI = 52 15.76 47 14.24 135 40.91 96 29.09 330 107 3242
Control Summer
point A
(REF) - 37 16.02 23 9.96 105 45.45 66 28.57 231 28 12.12
Winter
ESEPN
BIEIE Z 52 20.64 58 23.02 60 23.81 82 32.54 252 22 12.40
Baogang Summer
Avenue
Section ES
. 23 18.85 25 20.49 53 43.44 21 17.21 122 16 13.11
(BG) Winter
gl ol
e 31 17.51 52 29.38 55 31.07 39 22.03 177 22 124
Summer
Hongde
Section A
. 36 26.09 24 17.39 68 49.28 10 7.25 138 13 9.42
(HD) Winter
s g
B 68 11.28 198 32.84 106 17.58 231 38.31 603 80 13.27
Summer
Chigang
Section E3
. 104 38.24 50 18.38 82 30.15 36 13.24 272 35 12.87
(ec)) Winter
W g
B 67 22.87 63 21.50 59 20.14 104 35.49 293 46 15.70
Summer
Miaoyi
Section ES
. 81 48.80 28 16.87 42 25.30 15 9.04 166 16 9.64
(MY) Winter

E s U A

RIS B HCR I EL A, A BOR A 6 5 FE ML i et i B

In this table “proportional” means the ratio of the number of such fish/the total number of fish; The number of pregnant females is not

included in the number of adult female fish.
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ELAE U 25 5% (P >0.05) (& 5d).
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xS (REF) #HEL, HAPEREERIN
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Fig.5 The 4" anal fin rays length and 4"/6" length ratio in adult female and male mosquitofish
at different sampling sites

a. SARHEPE RIS i S 4 FEESICRE: b, R RMENE RIS 4 55 6 RS IKRELL: o RUMAHE PR frisce B 4 T EESCRE, d. UK TR ME
PRI S 4 FEESC S5 6 B A ICRELL M) REF. YR A BG. MFBRIA S KB BL: HD. GBI E B CG. Bl AR KB MY.
WA 2B F—FF 0, ARRFE A SR AZ I, + FREREE (P<0.05) , = RRKERBENTE . BUEMEE Eris ik
Pt rE AL () 732 765 Al 851,

a. The 4" anal fin rays length in adult female mosquitofish; b. The 4"/6" length ratio in adult female mosquitofish; c. The 4™ anal fin rays length in
adult male mosquitofish; d. The 4"/6" length ratio in adult male mosquitofish; REF. Reference point; BG. Baogang avenue section; HD. Hongde
section; CG. Chigang section; MY. Miaoyi section. Comparisons between the different sampling sites and reference site in the same season, *
show significant difference (P < 0.05); Comparisons between different sampling sites and reference site in the same season, ** show very

significant difference (P < 0.01). Number of samples (mantissa) of adult female and male mosquitofish is 765 and 551, respectively.
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WR B (CG) 1) 14P {H 5%t 5 (REF)

AL 22 AN (P> 0.05) LLAL, BRI X
KB (BG). ik (HD) FIsiiim e 2
BB (MY ) 1] 14P. 15P. 16P i 5% I 15 (REF)
MHEZER T (P<0.058 P<0.01); FX7,
R T IR E K OCE B (BG) Al 7R i %
Bt (CG). MZHE (MY) [ 14P {H 5%
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Fig. 6 The length of 14", 15™ 16" hemal spines in adult female mosquitofish at different sampling sites

a L (EZ) ; b.LfH (&%) ; ¢ DM (EF) ; d.DEH (&%) ; e PH (EF) ; f.PH (£%) ; REF. XA BG. MWEEIH=E N
KIEBE HD. WEBMUER B CG. WOHiVM/R R B MY, SOV 28 B L MEAIORA SIS P MEAR IR i 15 32 AT BB B 5
D. MEMBKBICR S 5 3 R M BB . [/ —2F, ARRAE S SX A MM, *» #rEREE (P<0.05) , « XpkrRERE
Fo EEHENE T AS () 765,

a. L value (Summer); b. L value (Winter); c. D value (Summer); d. D value (Winter); e. P value (Summer); f. P value (Winter); REF. Reference
point; BG. Baogang avenue section; HD. Hongde section; CG. Chigang section; MY. Miaoyi section. Comparisons between different sampling
sites and reference site in the same season, * show significant difference (P < 0.05); ** show very significant difference (P < 0.01). Adult female

mosquitfish samples (mantissa) 765.
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Fig. 7 The length ratio of 14™, 15" 16" hemal spines in adult female mosquitofish at different sampling sites

a.P/DME (HZ) ; b.PIDME (42 ; c. UDME (HZF) ; d. UDME (542 ; e PILE (HZ) ; f.PILE (43 ; REF. XA BG.
VBRI RO B HD. W ERMME RS B CG. B KM B MY, BRI  Z 0B L MEARBKOB B4 P MEARRKOBIA 3 15 5 R
BT D, MEAIIOBCR S 5 S M BB R o [ — 27, ARFEREE RS XM MR, « FoRZmlils (P<0.05) , = R
ZEFREWR S AN i AR () 765.

a. P/D value (Summer); b. P/D value (Winter); c. L/D value (Summer); d. L/D value (Winter); e. P/L value (Summer); f. P/L value (Winter);
REF. Reference point; BG. Baogang avenue section; HD. Hongde section; CG. Chigang section; MY. Miaoyi section. Comparisons between

different sampling sites and reference site in the same season, * show significant difference (P < 0.05); ** show very significant difference (P <

0.01). Adult female mosquitfish samples (mantissa) 765.
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Fig. 8 The skeleton morphogenetic changes in adult female mosquitofish at different sampling sites
a. N R TR AV B e b ~ d. SV AR AL Y A St e ~ h. RBRITMEE AL IR B M et Sk B R TR
FeHHE . e fris R AR (D 765.

a. Normal adult female mosquitofish at the reference site; b - d. Masculinized adult female mosquitofish in Huangpu Creek; e - h. Masculinized

adult female mosquitofish in Haizhu Creek. Arrow means the modification of skeletal morphology in masculinized adult female mosquitofish.

Adult female mosquitfish samples (mantissa) 765.
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Fig.9 The length of 14™, 15" 16™ hemal spines in adult male mosquitofish at different sampling sites

alffi (A=) ; b.LfH (52 ; ¢.DfE (HZF) ; d.DE (X35 ; e P (HF) ; f.PHE (X3 ; REF. X BG. TN
KIEBE HD. W BRMULERR B CG. WOHiVM/R R B MY, SOV 28 B L MEAIORA S P MEAR IR i 15 52 AT ) BB B 5
D. MEMBKBICR S 53 R M BB [/ —2F1, ARRAE S SX A MM, *» #rEREE (P<0.05) , w XpkrRERE
Fo BUEHENE AR () 551,

a. L value (Summer); b. L value (Winter); c. D value (Summer); d. D value (Winter); e. P value (Summer); f. P value (Winter); REF. Reference
point; BG. Baogang avenue section; HD. Hongde section; CG. Chigang section; MY. Miaoyi section. Comparisons between different sampling
sites and reference site in the same season, * show significant difference (P < 0.05); ** show very significant difference (P < 0.01). Adult male

mosquitfish samples (mantissa) 551.
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Fig. 10 The length ratio of 14", 15™, 16" hemal spines in adult male mosquitofish at different sampling sites

a. P/IDfE (27 ; b.PIDfH (47 : c.UDM (HF) ; d. LD (X5 ; e PILIE (HF) ; f.PILME (%7 ; REF. XA BG.
WEERI T R BB HD. SR B CG. MR KB MY, S s 2 B L MR R P MEAKBICR Ui 5 3
PIBCRERE S DAMEAIIOBACS 5 S R EHRE o 17—, ANFEERFE S S0 A2 R, « RoRZER B (P<0.05) , *x KR
ZES WHE W . AR B REARL () 551,

a. P/D value (Summer); b. P/D value (Winter); c. L/D value (Summer); d. L/D value (Winter); e. P/L value (Summer); f. P/L value (Winter);
REF. Reference point; BG. Baogang avenue section; HD. Hongde section; CG. Chigang section; MY. Miaoyi section. Comparisons between
different sampling sites and reference site in the same season, * show significant difference (P < 0.05); ** show very significant difference (P <

0.01). Adult male mosquitfish samples (mantissa) 551.
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