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Background: Antibiotic usage is very popular in the clinical treatment to infective diseases resulting in the occurrence of antibiotic-
resistant bacteria. Antibiotics are also extensively utilized in mariculture along the coastal area including the mangroves, however, the 
frequent usage of antimicrobial agents can induce to the bacterial resistance, and no research on this is found to date, as a result, the 
occurrence and distribution was investigated in Gaoqiao mangrove wetland, China in this research. 

Abstract

Objective: To investigate the occurrence and distribution of antibiotic-resistant bacteria in Gaoqiao mangrove wetland, China, and 

Materials and Methods:
from Gaoqiao mangrove area. Multiple Antibiotic Resistance (MAR) for bacteria was calculated. 
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Introduction
Rapid development of livestock-poultry cultivation and aquaculture has resulted in widespread use of antibiotics for preventing 
and curing diseases. In aquaculture, it is not surprised that antibiotics are routinely used at therapeutic levels to treat disease and 
at sub-therapeutic levels (<0.2 g.kg-1

widespread occurrence and dispersal of resistant bacteria to antibiotics in the habitat from mariculture [1,2]. Antibiotic residues are 

Results: Antibiotic resistance of bacteria isolated from in mangrove assemblages and tidal channel to ampicillin, cefazolin and 
p<

resistant bacteria isolated from most sampling sites were found (p>
Avicennia marina Aegiceras corniculatum assemblage (p<0.05). Most bacteria showed 
MAR to 3-4 antibiotics.

Conclusion: Occurrence and distribution antibiotic-resistant bacteria in tidal-zone are usual in mangrove wetland, of which the 

List of abbreviations: C: Aegiceras corniculatum; C1, C2, C3 Aegiceras 
corniculatum assemblage, of which C1, C2, C3 Avicennia marina; M10, M11, M12: 

Avicennia marina assemblage, of which M1, M2, M3

4, T5, T6, T7, T8, T9: Serial sample name collected from water of tidal channel; T’4, T’5, 
T’6, T’7, T’8, T’9: Serial sample name collected from sediment of tidal channel; H: high tidal channel; M: middle tidal channel; L: low 
tidal channel; MAR: Multiple antibiotic resistance; NCCLS: National Committee for Clinical Laboratory Standards; AMP: ampicillin; 
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usual in the aquatic products from the developing country, which lead potentially to the resistance of bacteria to antibiotic agents 
[3]. We have also reported that the antibiotic resistance of bacteria isolated from shrimp hatcheries and cultural ponds on Donghai 
Island, China, of which the history, frequency, and dose of antibiotic utilization, as well as the chemical structure of antibiotics 
may play the important roles [4]. In addition, it has to be mentioned out that some maricultural ponds are usually constructed 
within or around the mangrove wetlands [5,6], and the previous researches held the opinion that the resistant bacteria and resistant 

mangrove wetland may act as a long-term reservoir for the antibiotic-resistant bacteria [6]. As a consequence, it is necessary to 
conduct some systematic and comprehensive researches on the occurrence and distribution of antibiotic-resistant bacteria in the 
mangrove areas.

Nowadays, a major concern associated with the antibiotic residues is the occurrence of antibiotic-resistant bacteria and genes, as 
well as the relationship between them in aquaculture region (including maricultural ponds and surrounding marine environment). 

without an exception for the mangrove wetland surrounded by maricultural ponds [4-6,8-10]. Bacterial resistance is promoted 

ecosystems and human health since the residual antibiotics are inevitably transferred into the food chain [11]. Several studies 
pointed out that the resistant-bacteria isolated from some sediments and waters in the aquaculture ponds and surrounding marine 

even the researchers reported that the percentage of antibiotic resistance was up to 59.06% in some hatcheries [12,14]. However, 

always correlate with antibiotic concentrations in the natural ecosystems [7,15,16]. 

Sampling area and sites

National Nature Reserve, one of main coastal mangrove forests in China, is 1202 hm2, including mangrove vegetation area of 934 
hm2 [18]. South-subtropical monsoon climate is prevalent in this area, with an annual average temperature of 22.3 oC and annual 

Materials and Methods

distribution of antibiotic-resistant bacteria, but also the relationship between antibiotic residues and bacterial resistance, and the 

this research are to investigate the occurrence and distribution of antibiotic-resistant bacteria in the mangrove forest and the tidal 
channel in Gaoqiao mangrove wetland of China, to discuss the potential relationship between the occurrence of resistant bacteria 

vegetation in mangrove wetland. 

Figure 1: Sampling area and location of sites
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Aegiceras corniculatum and Avicennia marina 
are single and dominant species that form respective mangrove assemblages, and from 6 sites in a tidal channel in April, May and 
June, 2012. Mangrove forests are segregated by many small tidal channels in turn. Characteristic parameters of the mangrove 
assemblages in sampling sites including average tree height (m), average coverage of canopy, base coverage (%), average stem 
height under branch (m) and mean density (ind. /m2) were 4.83, 3.59, 5.02, 0.33, 0.56 and 0.12 in the Aegiceras corniculatum 
assemblage; and 1.57, 1.11, 1.03, 0.55, 0.48 and 1.10 in the Avicennia marina assemblage, respectively [21]. In April, 2012, 12 

1, C2, and C3) in the Aegiceras corniculatum assemblage; In May, 
2012, 6 water samples and 6 sediment samples were collected from the tidal channels (marked T4, T5, T6, T7, T8, and T9 of water 
samples, T’4, T’5, T’6, T’7, T’8, and T’9 4 and T9 was approximately 5.12 miles, 
and the sites in the tidal channel were assigned along the direction from landward to the seaward, in which T4 and T5 were in 
high inter-tidal zone, T6 and T7 were in middle inter-tidal zone, and T8 and T9 were in low inter-tidal zone approximately. In June, 
2012, 12 sediment samples were taken from the last three sites (marked M10, M11, and M12) in the Avicennia marina assemblage. 

4–H and T’5–H ), 
6–M and T’7 6–M and T’7–M) represent the drug-resistant percentages of antibiotic 

and T-L is similar as this in water samples.

Sample collection

mangrove forests were divided into two transects (3 surface sediments and 3 bottom sediments) in both Aegiceras corniculatum 
assemblage and Avicennia marina 

intervals of 20 meters and were mixed into a homogeneous sample respectively, so a total of twenty-four sediment samples were 

tidal zones) along the tidal gradient.

layer) and 15–25cm (bottom layer) in reference to the advocating method in both mangrove assemblages and corresponding bare 

into sterile glass boxes, and then immediately transported from the sampling sites to the laboratory in an ice cooler. Samples were 
processed for bacterial isolation and antibiotic sensitivity tests.

Water sample nameSediment sample name

NameNo.NameNo.NameNo.NameNo.

T4T4–H31

M10

M–H–B(S)19T’4T’4–H13

C1

C1–H–B(S)1

T5T5–H32M–H–B(B)20T’5T’5–H14C1–H–B(B)2

T6T6–M33M–H–M(S)21T’6T’6–M15C1–H–M(S)3

T7T7–M34M–H–M(B)22T’7T’7–M16C1–H–M(B)4

T8T8–L35

M11

M–M–B(S)23T’8T’8–L17

C2

C2–M–B(S)5

T9T9–L36M–M–B(B)24T’9T’9–L18C2–M–B(B)6

M–M–M(S)25C2–M–M(S)7

M–M–M(B)26C2–M–M(B)8

M12

M–L–B(S)27

C3

C3–L–B(S)9

M–L–B(B)28C3–L–B(B)10

M–L–M(S)29C3–L–M(S)11

M–L–M(B)30C3–L–M(B)12

*  Aegiceras corniculatum; T: tidal channel; M: Avicennia 
marina); the second meant tidal level in the tidal channel (H: high inter-tidal zone; M: middle inter-tidal zone; L: low inter-tidal 

parenthesis were representing surface layer and bottom layer sediment, respectively
Table 1:
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bacteria was calculated according to Webster, et al. [24]. MAR index=No. of antibiotics to which the isolate was number of resistant 
antibiotics/total number of antibiotics exposed (NO. ≥ 3).

acid), Sulfonamides (Compound sinomi, trimethoprim), Chloramphenicols (chloramphenicol), Polymyxins (polymyxin-B), 
Tetracyclines (tetracycline).

Data treatment and statistical analysis

Aegiceras corniculatum assemblage and Avicennia marina 
relationship of bacterial resistance to antibiotics between surface and bottom sediment in mangrove forests was evaluated with 
Pearson correlation. 

Bacterial resistance to 12 antibiotics was estimated in a total of 133 bacterial isolates from 6 water samples in high, middle and low 
tidal channel. It is indicated that all bacterial strains were extremely sensitive to POL (Figure 2). In addition, bacterial resistances to 
AMP (T-H: 29.17%, T-M: 32.61%, T-L: 66.18%), CEF (T-H: 20.84%, T-M: 30.44%, T-L: 66.18%), TMP (T-H: 29.17%, T-M: 36.96%, 

channels (ANOVA, p<0.05). Bacteria isolated from the water were more resistant to the tested antibiotics (AMP, CEF, COS, ERY 

bacterial resistance to all antibiotics were observed among 3 tidal channels (ANOVA, p>0.05). Moreover, the quinolone-resistant 

Water samples

Results

Isolation of bacteria
Bacteria from water and sediment sample were isolated using the spread plate technique [23]. 1g of mixed sediment sample or 1mL 

seawater and serial 10-fold dilution up to 104

°C

medium for further studies of antibiotic resistance [14]. 

Antibiotic sensitivity test

for Clinical Laboratory Standards (NCCLS) with the Mueller-Hinton Agar (Beijing Luqiao Technology Co., Ltd). All antibiotic 
sensitivity tests took standard strains Escherichia coli ATCC 25922 and Staphylococcus aureus ATCC 29213 as controls for the disk 

-

was compared with #5 MacFarland’s Barium Sulfate Standard Solution. When the abundance of the bacteria was approximately 
equivalent to 1.5×108

and NCCLS.
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Aegiceras corniculatum assemblage and Avicennia marina assemblage: A total of 287 and 291 colonies from the sediments in 
Aegiceras corniculatum assemblage and Avicennia marina -

-
rial resistance to antibiotics (Table 2 and 3). All of bacterial strains isolated from the surface sediment were extremely sensitive to 
CIP, ERY and GEN (Table 2). 

A total of 143 isolates from 6 sediment samples in the tidal channel were collected to investigate bacterial resistance to antibiotics 

than those to remaining antibiotics in low and middle tidal channel (ANOVA, p<0.05). However, the bacterial resistances to CHP, 
NAL and TET were relatively higher in high tidal channel, with corresponding percentages of 18.00%, 6.26% and 15.17% in turn. 
Similar pattern was also discovered in the sediments where the percentage of bacterial resistance to the tested antibiotics (AMP, 

were found in bacterial resistance among 3 tidal channels (ANOVA, p>0.05), and quinolone-resistant bacteria were detected in all 
tidal channels. 

Sediment samples

bacteria were found in all tidal channels. In low tidal channel, bacterial strains revealed resistant to NAL and CIP with percentages 
of 2.94% and 2.28% in turn, simultaneously, the bacteria isolated from middle and high tidal channel showed resistance to NOR 
(2.18%) and NAL (4.17%) respectively although their percentages were somewhat lower (Figure 2). 

Figure 2: Percentage of bacterial resistance to 12 antibiotics in water samples from tidal channel (%) 

Figure 3: Percentage of bacterial resistance to 12 antibiotics in sediments from tidal channel (%) 
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in C1 Aegiceras corniculatum assemblage displayed the highest 
percentage of antibiotic resistance to AMP (27.27%), followed by to TMP (22.73%), POL (18.18%) and TET (18.18%) successively. 
Antibiotic-resistant bacteria screened from the bottom sediments in Avicennia marina assemblage exhibited simultaneously higher 
resistances to AMP, CEF, COS and TMP, with percentage of more than 50% for all of them. Antibiotic resistance of bacteria was 

Avicennia marina assemblage than in Aegiceras corniculatum assemblage (T-test, p<0.05). In comparison 
to samples in the surface sediments, the quinolone-resistant bacteria inhabited in the bottom sediments were found not only in the 
Aegiceras corniculatum assemblage, but also in the Avicennia marina assemblage. 

Table 2: Percentage of bacterial resistance to 12 antibiotics in the surface sediments of Aegiceras corniculatum assemblage 
and Avicennia marina assemblage (%)

Mean±SD
Avicennia marina assemblageAegiceras corniculatum assemblage

Antibiotic
M12M11M10C3C2C1

59.73±45.81100.00100.00100.0039.130.0019.23AMP

51.29±49.30092.00100.0096.004.350.0015.38CEF

9.05±16.60.000.008.000.004.0042.31CHP

0.00±0.000.000.000.000.000.000.00CIP

31.95±34.6452.0048.0084.000.000.007.69COS

0.00±0.000.000.000.000.000.000.00ERY

0.00±0.000.000.000.000.000.000.00GEN

1.45±3.550.000.000.008.700.000.00NAL

3.45±5.450.000.000.008.7012.000.00NOR

31.19±36.6668.000.0080.0039.130.000.00POL

9.13±14.9020.000.000.0034.780.000.00TET

59.69±41.9292.00100.00100.0034.7816.0015.38TMP

Table 3: Percentage of bacterial resistance to 12 antibiotics in the bottom sediments of Aegiceras corniculatum assemblage 
and Avicennia marina assemblage (%)

Mean±SD
Avicennia marina assemblageAegiceras corniculatum assemblage

Antibiotic
M12M11M10C3C2C1

52.55±46.13100.00100.0080.008.0027.270.00AMP

39.33±44.0796.0084.0052.004.000.000.00CEF

1.33±3.27 0.000.008.000.000.000.00CHP

0.76±1.86 0.000.000.000.004.550.00CIP

47.52±46.29 100.0084.0084.008.009.090.00COS

2.09±2.30 0.000.004.004.004.550.00ERY

0.00±0.00 0.000.000.000.000.000.00GEN

0.67±1.63 0.004.000.000.000.000.00NAL

0.67±1.63 0.000.000.004.000.000.00NOR

9.70±14.69 36.004.000.000.0018.180.00POL

15.03±21.76 0.0056.0016.000.0018.180.00TET

51.79±49.20100.0096.0092.000.0022.730.00TMP

Avicennia 
marina 1) was above 40% in the 
Aegiceras corniculatum assemblage. Interestingly, quinolone-resistant bacteria screened from the surface sediment was present in 
Aegiceras corniculatum assemblage but not in the Avicennia marina assemblage. In general, the antibiotic resistance of bacteria 

Avicennia marina assemblage than in Aegiceras corniculatum 
assemblage (T-test, p<0.05).

antibiotic resistance (Figure 4). In this study, we found bacteria isolated from the bottom sediment were more resistant to some 

in the antibiotic resistance of bacteria were able to be revealed between bottom and surface sediments in both mangrove 
assemblages (ANOVA, p=0.382>0.05). In addition, Pearson correlation analysis indicated that the antibiotic resistance of bacteria 

p<0.05) in 
both mangrove assemblages.
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Figure 4: Percentage of bacterial resistance to 12 antibiotics in the surface and bottom sediments in both mangrove assemblages (%)

Multiple antibiotic resistance (MAR) of some bacterial strains cannot be ignored in this mangrove area (Table 4). In tidal channel, 
the bacteria isolated from all sampling sites showed MAR, of which the bacteria at T4 and T7 has MAR to 9 and 8 antibiotics in 
water samples, respectively. In general, the bacteria isolated from sediment and water samples in tidal channel possessed MAR 
to 3-4 antibiotics. Similarly, the bacteria isolated from the sediment in Aegiceras corniculatum assemblage showed MAR to 3-4 
antibiotics, while those in Avicennia marina assemblage exhibited MAR to 3-5 antibiotics. Tested bacterial strains isolated from 

Avicennia marina assemblage showed the highest percentage of MAR (M11–M–B(S): 
81.71%, M12–L–B(S): 63.61%, and M10–H–B(S): 63.27%, respectively). Our results imply that MAR of bacteria was more deteriorated 
in Avicennia marina assemblage than in Aegiceras corniculatum
MAR of bacteria isolated from samples (water and sediment) can be found among 3 tidal channels (p>0.05). 

to AMP (59.73%) and TMP (40.77%), respectively. Meanwhile, the bacterial resistance to 6 antibiotics, namely AMP, CEF, COS, 

(ANOVA, p>0.05).

Multiple antibiotic resistance 

Figure 5: 
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In this study, the antibiotic resistance of bacteria isolated from most sampling sites (tidal channel and mangrove forest) to AMP, CEF 
p

TMP and COS was stronger than to NOR, oxolinic acid (OXLA) [15]. Moreover, Jalal, et al. reported that all isolates showed 100% 

the bacteria resistance to β-lactam and sulfonamide antibiotic is widespread in mangrove wetlands, which was perhaps attributed 

in the aquatic environment can induce the antibiotic resistance of bacteria, and the extent of antibiotic resistance is directly related 
to the dosage of antibiotic used [15]. Secondly, bacterial resistance to antibiotics also depends on their chemical structure and 
functional mechanism [27]. Β-lactam is a family of enzyme inhibitor, of which the enzymes participate in the biosynthesis of the 

Table 4: Percentage of MAR in bacterial strains inhabiting in the mangrove assemblages and tidal channels (%)

Discussion

Sum
Resistance to n antibiotics (% of isolates)

SampleSite
9876543

11.54 0.00 0.00 0.00 0.00 0.00 7.69 3.85 C1–H–B(S)

C1

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C1–H–B(B)

4.35 0.00 0.00 0.00 0.00 0.00 0.00 4.35 C1–H–M(S)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C1–H–M(B)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C2–M–B(S)

C2

18.18 0.00 0.00 4.55 0.00 4.55 9.09 0.00 C2–M–B(B)

59.09 0.00 0.00 0.00 0.00 4.55 40.91 13.64 C2–M–M(S)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C2–M–M(B)

34.78 0.00 0.00 0.00 0.00 0.00 30.43 4.35 C3–L–B(S)

C3

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C3–L–B(B)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C3–L–M(S)

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 C3–L–M(B)

13.04 0.00 0.00 0.00 0.00 8.70 4.35 0.00 T’4–H
T4 45.83 4.17 0.00 0.00 0.00 4.17 12.50 25.00 T4–H

4.00 0.00 0.00 0.00 0.00 0.00 0.00 4.00 T’5–H
T5 34.14 0.00 0.00 0.00 0.00 0.00 6.54 27.60 T5–H

13.04 0.00 0.00 0.00 0.00 0.00 4.35 8.70 T’6–M
T6 21.74 0.00 0.00 0.00 0.00 8.70 8.70 4.35 T6–M

14.29 0.00 0.00 0.00 0.00 0.00 4.76 9.52 T’7–M
T7 39.13 0.00 4.35 0.00 0.00 0.00 34.78 0.00 T7–M

8.33 0.00 0.00 0.00 0.00 0.00 0.00 8.33 T’8–L
T8 50.00 0.00 0.00 0.00 0.00 0.00 50.00 0.00 T8–L

12.50 0.00 0.00 0.00 0.00 0.00 8.33 4.17 T’9–L
T9 52.94 0.00 0.00 0.00 0.00 5.88 41.18 5.88 T9–L

63.27 0.00 0.00 0.00 8.00 33.60 21.67 0.00 M10–H–B(S)

M10

34.95 0.00 0.00 0.00 0.00 14.48 0.00 20.47 M10–H–B(B)

55.02 0.00 0.00 0.00 4.34 21.63 24.20 4.85 M10–H–M(S)

55.29 0.00 0.00 0.00 0.00 0.00 55.29 0.00 M10–H–M(B)

81.71 0.00 0.00 0.00 0.00 0.00 28.87 52.84 M11–M–B(S)

M11

45.60 0.00 0.00 0.00 4.00 21.60 0.00 20.00 M11–M–B(B)

38.34 0.00 0.00 0.00 12.56 0.00 25.78 0.00 M11–M–M(S)

54.65 0.00 0.00 0.00 0.00 14.29 40.36 0.00 M11–M–M(B)

63.61 0.00 0.00 0.00 8.00 19.27 24.00 12.34 M12–L–B(S)

M12

62.30 0.00 0.00 0.00 0.00 21.60 36.70 4.00 M12–L–B(B)

19.28 0.00 0.00 0.00 0.00 0.00 19.28 0.00 M12–L–M(S)

50.00 0.00 0.00 8.33 4.17 37.50 0.00 0.00 M12–L–M(B)
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et al. reported that the occurrence of bacterial strains 
producing an extended spectrum of β-lactamases and other enzymes capable of hydrolyzing β-lactam antibiotics is increasing in 

reported by Hsu, et al. and Colomer-Lluch, et al. [25,31]. Finally, the antibiotic residues in the environment may have inducted 
and maintained the bacterial resistance [2,27]. Our previous survey related to this research demonstrated that the mean level 

was much lower than that in the shrimp farming constructed within the mangrove wetlands [15]. However, the sulfonamide-
resistant bacteria and genes have always been persistent even when the antibiotic agents exposed to low concentration or have 

antibiotic application, the residue of antibiotics in the environment, and chemical structure as well as functional mechanisms of 
antibiotics. 
In the present study, the antibiotic-resistant bacteria were detected in the tidal channels, mangrove assemblages and the 

in the tidal channel (p>0.05). Similarly, the bacteria isolated from sediments in the mangrove assemblages revealed the same 
p>0.05). Chelossi, et al. reported that a high percentage of resistant 

resistance between the cultural ponds and corresponding control water source sites [4,11]. It is implied from this investigation 
and other researches that the antibiotic-resistant bacteria and genes caused by antibiotic overuse are extremely widespread by the 
horizontal and perpendicular transfer in the coastal wetlands including Gaoqiao mangrove area. Catch of exotic resistant genes is 

resistant genes can be horizontally transferred between bacteria by plasmid, transposons, bacteriophage, integron/gene cassette 
and other non-genetic factors [33-36]. Besides the catch of exotic resistant genes, the transfer of bacterial chromosome to the next 
generation (vertical gene transfer) was considered as one of the sources for the spread of antibiotic-resistant bacteria [33].  

Avicennia marina assemblage than in the Aegiceras corniculatum assemblage (p<0.05). Avicennia marina is a pioneer mangrove 
species inhabiting in low inter-tidal zone [37]. High level of bacterial resistance to antibiotics in Avicennia marina assemblage 
might result from the long-term submerging in seawater, favoring for the prevalence of resistance genes in Avicennia marina 
assemblage and accelerating the exchanges of the antibiotic-resistant bacteria and antibiotic-resistant genes between sediment and 
water [26,38]. In addition, it is supposed that the phenotypic resistance of bacteria versus the bacteria hosted in sediment from 

resistance between bacteria isolated from the bottom and surface sediment in mangrove assemblages (p>
Mudryk, carried out near Sopot, Poland, showed that the bacteria isolated from the surface sand were more resistant to the tested 

were found between bacteria isolated from the surface and the subsurface sand near Czołpino, along the southern coast of the 
Baltic Sea was revealed by Mudryk, et al. [27,36,38].
Fluoroquinolones are synthetic bacteriostatic antibiotics with a wide spectrum against most gram-positive and gram-negative 
bacteria, depending on the inhibition of bacterial DNA gyrase or topoisomerase IV which are enzymes essential for DNA replication 

been reported by Rodríguez-Martínez, et al Aegiceras corniculatum assemblage and 
the tidal channels manifested their resistance to quinolone antibiotics despite a relatively low level, which was not detected in the 
Avicennia marina
et al
Malaysia. Poirel, et al
low-level resistance to quinolones, which actually are favorable of the probability that the resistant genes transfer among species 

in Avicennia marina assemblage where the bacteria reveal the high percentage of antibiotic resistance to most antibiotics [17,40].
Furthermore, the present study demonstrated that the percentage of MAR was higher in bacteria isolated from sediments in 
Avicennia marina assemblage than in Aegiceras corniculatum
from samples (water and sediment) were found among three levels in tidal channel (p>0.05), with the same status for the percent 

from results obtained by Mudryk, et al
even some microorganisms showed resistance to 5-11 antibiotics in southern coast of the Baltic Sea, although Mudryk reported 

simultaneously, which is attributed to gene mutations and diverse combinations of mutations in genes, as well as horizontal genes 
transfer in some bacteria [36,38,41]. Moreover, the antibiotic family is also one of factor in the presence of multi-resistant bacteria 
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pointed out by Smith, the contamination from the antibiotics or antibiotic-resistant bacteria in the environments can even result 

the potential harm to human correlative to environments are worth further conducting[43]. 

(1) Antibiotic resistance of bacteria isolated from most samples (tidal channel and mangrove assemblages) to ampicillin, cefazolin 
p<0.05), which was attributed to the history of antibiotic 

usage and the antibiotic residue in the environment, and chemical structure as well as functional mechanisms of antibiotics.
p>0.05), between 

p>0.05), and between bottom and surface sediment in mangrove 
assemblages (p>0.05). It is considered that the antibiotic-resistant bacteria and antibiotic-resistant genes were widespread in the 
way of the horizontal and perpendicular transfer in the coastal wetlands including Gaoqiao mangrove area.

Avicennia marina 
assemblage than that in the Aegiceras corniculatum assemblage (p<0.05), which might result from the long-term submerging in 

Aegiceras corniculatum assemblage and the tidal 
channels but not in the sediment samples from the Avicennia marina assemblage. 

sediments samples was found in Avicennia marina assemblage compared to Aegiceras corniculatum

(p>0.05). 

reveal that as following:

Conclusions
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