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Abstract 
Nichols’ common goby Rhinogobius cliffordpopei (Nichols, 1925) is a small-bodied 
benthic carnivorous fish, and native to central and southeast China. Due to the 
interregional commercial exchanges of aquaculture and aquatic trade, it has widely 
introduced numerous water bodies outside the original range in China, but has not 
been found in Tibet. During a fish survey in May 2022, we collected 22 individuals 
of R. cliffordpopei, including five juveniles, from four sites in the Yarlung Zangbo 
River in Tibet. This finding suggests that R. cliffordpopei has established wild populations 
in the Yarlung Zangbo. To protect the endemic species, government departments should 
strictly limit the release to reduce the potential risks of non-native species. 
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Introduction 

Biological invasions are increasingly serious threats to biodiversity and ecosystem 
function (Mack et al. 2000; Pimentel et al. 2000; Liu et al. 2021). Freshwater 
ecosystems are particularly vulnerable to the effects of biological invasions 
(Strayer 2010) and are also the most heavily invaded by non-native fishes 
(Gozlan et al. 2010). They are regarded to be potential threats to aquatic 
biodiversity worldwide (Clavero and García-Berthou 2005; Vitule et al. 2009). 
In China, numerous non-native fishes have been introduced via aquaculture 
and aquatic trade, and some have established populations in natural water 
bodies (Xiong et al. 2015). 

Most fishes on the Tibetan Plateau belong to two groups of Cypriniformes: 
the tribe Schizothoracini (subfamily Schizothoracinae of Cyprinidae) and 
noemacheiline stone loaches in the genus Triplophysa (Nemacheilidae), 
and they are cold-water species adapted to rapid currents and high altitudes 
(He et al. 2020). The ecosystems of the Tibetan Plateau are often isolated 
and natural environments and climate are more serious and extreme that 
make species vulnerable to external changes, including the introduction of 
non-native species (Yu et al. 2012). Over the past 40 years, human activities, 
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such as the irrational release of aquaculture fishes and aquaculture development, 
have resulted in colonization of non-native fish species. In some rivers (e.g., 
the upper Yellow River and Tarim River), non-native fishes have outnumbered 
native fish species (Tang and He 2015; He et al. 2020). However, few effective 
management rules exist to prevent the continued introduction of non-native 
fishes in Tibet (Zhu et al. 2023). Developing practical regulations is crucial 
for effective management of non-native species in China (Li et al. 2021).  

Nichols’ common goby Rhinogobius cliffordpopei (Nichols, 1925) is a 
small-bodied, benthic carnivorous fish native to central and southeast China. 
It prefers to the littoral zone of slow-moving rivers and streams with sandy 
or gravelly bottoms (Wu and Zhong 2008). It lies on the bottom of the water 
and swims intermittently, or swims against the current in the middle and 
upper water. The pelvic fins are shaped into a suction disc that allows the goby 
to attach itself to stones and await for opportunities to prey. As a carnivorous 
fish, it feeds mainly on large zooplankton and aquatic insects (Guo et al. 
2014). In recent years, it has been unintentionally transmitted to the Liaohe 
River, the upper Yellow River, the upper Pearl River and most lakes in Yunnan 
through release and escape from aquaculture systems, aquatic trade, and 
accidental introductions as a trash fish (Du and Li 2001; Chen et al. 2021; 
Jiang et al. 2021). In this study, we report wild populations of R. cliffordpopei 
in natural waters on the Tibetan Plateau for the first time. 

Materials and methods 

A comprehensive fish survey was conducted in May 2022 in the middle and 
lower Yarlung Zangbo River of the Tibetan Plateau, involving 117 sites, including 
six lakes, four reservoirs, six wetlands, and two tributaries. The sampling sites 
belonged to the Dwc and Dwb categories according to the Köppen-Geiger 
climate classification (Kottek et al. 2006). The climate types are characterized 
by low temperature and dry winters. The average temperature in the warmest 
month is 10-15 °С, and the annual precipitation is approximately 400 mm 
(Lin and Wu 1981). Notably, the water temperature is lowest in January, 
close to 0 °С, and highest in July, approaching 16 °С. 
Specimens were captured by dip nets (0.5 m diameter, mesh size 1 mm) 
and the total and standard length (nearest to 0.01 mm) and weight (nearest 
to 0.01 g) were measured. Then, the individuals were euthanized by an overdose 
of anesthesia. We clipped a small piece of fin tissue and stored it in 95% 
alcohol for subsequent molecular analysis. All specimens were stored in 95% 
ethanol for long-term preservation. Morphological measurements and 
sequencing (COI, Ward et al. 2005; cyt b, Sevilla et al. 2007) were conducted in 
the laboratory. Phylogenetic analysis based on mitochondrial COI gene was 
conducted using the maximum likelihood method. The sex of the specimens 
was determined by observing the gonads. The water environmental variables 
of the habitats were measured using the HACH 2100Q (USA, ©Hach 
Company) and YSI Pro20 (USA, ©YSI Incorporated). 
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Table 1. Latitude, longitude, altitude, and environmental variables of the sampling sites. 

Site Latitude (°N) Longitude (°E) Habitat type Altitude 
(m) 

Environmental parameters 

Turbidity Water 
temperature 

Dissolved 
oxygen Conductively 

pH 
(NTU) (℃) (mg/L) (us/cm) 

1 29.376116 90.831398 Marsh 3640 52.6 17.9 2.86 280.9 7.87 
2 29.196527 94.099960 Stream 3879 8.1 15.9 4.82 181.3 8.49 
3 29.312222 91.090650 Reservoir 5017 14.7 15.5 4.66 240.3 8.82 
4 29.248386 91.694463 Marsh 5212 25.3 12.5 3.62 85.2 8.64 

 
Figure 1. The location of the sampling sites. 

Results 

Rhinogobius cliffordpopei was found at four of 117 sampling sites (Table 1, 
Figures 1 and 2). A total of 22 individuals of R. cliffordpopei were captured, 
including six males, 11 females, and five juveniles. The specimens were small 
in size (TL < 50 mm; see Table 2), the total length, standard length and 
total weight of the specimens ranged from 23–47 mm, 18–39 mm and 0.17–
1.28 g. The speciemens have two dorsal fins (Figure 3); no lateral line; the 
pelvic fins shaped into a suction disc; no predorsal scales; non-filamentous 
first dorsal fin in males; transverse sensory papillae on cheek; and more than 
16 pectoral fin rays. These morphological characters are obviously different 
from that of the related species Rhinogobius giurinus. The sequencing results 
further validated the results of morphological analysis. The sequences of 
the specimens matched the published sequences of R. cliffordpopei (accession 
numbers MT413342 for COI and MK204744 for cyt b in the NCBI database), 
with 99.85% match for COI and 100% match for cyt b. Only two haplotypes 
were identified from twenty-two sequences. The maximum likelihood tree 
suggested that the two haplotypes were nested within the R. cliffordpopei 
clade (Figure 4), further supporting the taxon identification. 
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Figure 2. The habitat of the specimens. Photographs were taken by Jianshuo Qian. 

Table 2. The morphometric characteristics of specimens. 

Sex Number 
Total length (mm) Standard length (mm) Total weight (g) 

Range Mean Range Mean Range Mean 
Male 6 32–47 39.83 28–38 32.79 0.36–1.28 0.69 
Female 11 34–47 39.25 28–39 32.36 0.25–0.74 0.53 
Juvenile 5 23–31 25.80 18–24 20.00 0.16–0.34 0.21 

Discussion 

The discovery of juvenile R. cliffordpopei strongly suggests that the species has 
established populations in natural water bodies in Tibet. High fecundity and 
preference for littoral habitats may have contributed to the establishment 
of the species on the Tibetan Plateau. In R. cliffordpopei, the average relative 
fecundity was 2,069 eggs g-1, in contrasts to 1,580 in R. giurinus, the average 
egg diameter was 613 μm, in contrasts to 470 μm in R. giurinus (Guo et al. 2013). 
Rhinogobius cliffordpopei more frequently inhabits the littoral zone than 
the deep zone because of the abundance of macrozooplankton and aquatic 
insects (Guo et al. 2014). Thus, wetlands, as shallow water habitats, are more 
likely to be invaded by this species.  

Rhinogobius cliffordpopei is r-selected, which may help establish populations 
in the wild (Sui et al. 2016). In the 1950-60s, the species was introduced to 
the Yunnan-Guizhou Plateau (southwestern China), where it rapidly dispersed  
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Figure 3. The photographs of Rhinogobius cliffordpopei individuals, A. male individual, 
B. pregnant female individual. Photographs were taken by Junhao Huang. 

 
Figure 4. The maximum likelihood phylogeny based on the 553 bp of COI gene of the two 
specimens sequenced in this study and the sequences of 19 Rhinogobius species in GenBank 
were performed, with Gymnogobius petschiliensis and Luciogobius platycephalus as two outgroups. 
The specimens sequenced in this study are in red. 

to most water bodies and became a dominant species in many lakes (Yuan 
et al. 2010; Tang et al. 2013). Rhinogobius cliffordpopei is the most common 
invasive species in upper Yellow River (Jiang et al. 2021) and has been found 
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in upper Pearl River (Chen et al. 2021). The introduction of R. cliffordpopei 
into rivers and lakes outside its native range may negatively affect local 
freshwater ecosystems. A gut content analysis revealed that R. cliffordpopei 
feeds on fish eggs and larvae during the juvenile, sub-adult, and adult stages 
(Guo et al. 2014), which may lead to the decline of native fishes. Thus, 
R. cliffordpopei poses a risk to native fish populations in the local ecosystems. 

Climate change and hydropower construction increase the invasion risk 
of non-native species, exacerbating their negative impacts on local ecosystems 
(Hellmann et al. 2008; Sun et al. 2020). Although R. cliffordpopei has a low-
medium risk under current climatic conditions (Li et al. 2017), the potential 
risk is expected to increase under climate warming in the future in Yalung 
Zangbo River. A similar case occurred with the naked goby Gobiosoma bosc, 
which was introduced to Western Europe from North America (Dodd et al. 
2022). The results of the model predictions also suggested that under the influence 
of climate change and hydropower construction, non-native fish species show 
substantial habitat expansion, while native species shift their distribution to 
tributaries and higher elevations (Sun et al. 2020). 

Previous surveys have reported 15 non-native freshwater fish species on 
the Tibetan Plateau (Chen and Chen 2010; Fan et al. 2016; Ding et al. 2022). 
Recently, two more non-native fish species, tench (Tinca tinca) and mosquitofish 
(Gambusia affinis), have been identified in Tibet (Wang et al. 2023; Zhu et 
al. 2023). Most of non-native fishes in Tibet were released with aquaculture 
fishes. Some small-bodied fish released with aquaculture fishes, such as 
R. cliffordpopei, Micropercops cinctus and Oryzias sinensis, may go unnoticed 
but the invasion risk should not be underestimated. In fact, the proportion 
of the small-bodied trash fishes with strong adaptability and invasion 
potential is increasing among non-native fishes (Ding et al. 2014). 

While previous scientific studies have focused on investigating the distributions 
and resources of species, more recent studies have begun to access the impacts 
and underlying mechanisms of invasive species on ecosystems (Gu et al. 2015; 
Yu et al. 2019). To reduce the threat of non-native species, it is necessary to 
develop strategies aimed at prevention, which is the most cost-effective 
way to manage future invasions (Liu et al. 2021). Predicting the potential 
distribution of non-native species is also essential for identifying high-risk 
areas and developing a comprehensive monitoring system to provide a basis 
for invasion management (Dodd et al. 2022). 

Acknowledgements 
Special thanks to anonymous reviewers whose comments greatly improved the manuscript. The 
authors are very thankful to Dr Dekui He and Mr. Junhao Huang for their valuable comments 
and suggestions and Dr. Bena Smith from Griffith University for improving English writing for 
our manuscript. This study was financially supported by the Second Tibetan Plateau Scientific 
Expedition Program (grant 2019QZKK05010102) and the Agricultural Special Project of Tibet 
Autonomous Region (The Investigation of Non-native Fishes and pathogenic organisms of them 
in Tibet).  

https://doi.org/10.3391/bir.2023.12.4.25
https://www.invasivesnet.org


Rhinogobius cliffordpopei, a new non-native fish in Tibet 

 Qian et al. (2023), BioInvasions Records 12(4): 1139–1146, https://doi.org/10.3391/bir.2023.12.4.25 1145 

Funding declaration 
This study was financially supported by the Second Tibetan Plateau Scientific Expedition 
Program (grant 2019QZKK05010102) and the Agricultural Special Project of Tibet Autonomous 
Region (The Investigation of Non-native Fishes and pathogenic organisms of them in Tibet). 

Author’s contribution 
Jianshuo Qian conducted field sampling work and wrote articles. Shaoqing Lin was responsible 
for species morphological identification, Xi Wang was responsible for editing and polishing the 
article, and Huanshan Wang was responsible for molecular sequencing and identification. 

References 
Chen F, Chen YF (2010) Investigation and protection strategies of fishes of Lhasa River. Acta 

Hydrobiologica Sinica 34: 278–285 [in Chinese], https://doi.org/10.3724/SP.J.1035.2009.00278 
Chen WT, Li C, Yang JP, Zhu SL, Li J, Li YF, Li XH (2021) Temporal species-level composition 

of larvae resources in the lower Pearl River drainage and implications for species’ 
reproductive cycles. Gene 776: 145351, https://doi.org/10.1016/j.gene.2020.145351 

Clavero M, García-Berthou E (2005) Invasive species are a leading cause of animal extinctions. 
Trends in Ecology & Evolution 20: 110, https://doi.org/10.1016/j.tree.2005.01.003 

Ding HP, Tan JH, Lin SQ, Gesang DW, Zhang ZM, Xie CX (2014) Exotic Fishes in Chabalang 
Wetland of Lhasa. Journal of Hydroecology 35: 49–55, https://doi.org/10.15928/j.1674-3075.2014.02.011 

Ding HP, Zhang ZM, Xie CX, Huo B (2022) Effects of fish invasion on aquatic ecosystem of 
the Yarlung Zangbo River and the prevention and control strategies. Chinese Journal of 
Ecology 41: 2440–2448, http://doi.org/10.13292/j.1000-4890.202301.012 

Dodd JA, Copp GH, Tidbury HJ, Leuven RS.E.W, Feunteun E, Olsson KH, Gollasch S, Jelmert A, 
O’Shaughnessy KA, Reeves D, Brenner J, Verreycken H (2022) Invasiveness risks of naked 
goby, Gobiosoma bosc, to North Sea transitional waters. Marine Pollution Bulletin 181: 
113763, https://doi.org/10.1016/j.marpolbul.2022.113763 

Du BH, Li YA (2001) Fish diversity crisis and countermeasures in Erhai Lake. Research of 
Environmental Sciences 14: 42–44, [in Chinese] 

Fan LQ, Liu HP, Lin J, Pu Q (2016) Non-native fishes:distribution and assemblage structure in 
the Lhasa river basin, Tibet, China. Acta Hydrobiology Sinica 40: 958–967, https://doi.org/ 
10.7541/2016.124 

Gozlan RE, Britton JR, Cowx I, Copp GH (2010) Current understanding on non-native freshwater 
introductions. Journal of Fish Biology 76: 751–796, https://doi.org/10.1111/j.1095-8649.2010.02566.x 

Gu DE, Ma GM, Zhu YJ, Xu M, Luo D, Li YY, Wei H, Mu XD, Luo JR, Hu YC (2015) The 
impacts of invasive Nile tilapia (Oreochromis niloticus) on the fisheries in the main rivers of 
Guangdong Province, China. Biochemical Systematics and Ecology 59: 1–7, https://doi.org/ 
10.1006/j.bse.2015.01.004 

Guo ZQ, Cucherousset J, Li ZJ, Lek S, Zhu FY, Tang JF, Liu JS (2013) Comparative study of 
the reproduction biology of two congeneric and introduced goby species: implications for 
management strategies. Hydrobiologia 709: 89–99, https://doi.org/10.1007/s10750-012-1439-8 

Guo ZQ, Liu JS, Lek S, Li ZJ, Zhu FY, Tang JF, Cucherousset J (2014) Tropic niche 
differences between two congeneric goby species: evidence for ontogenetic diet shift and 
habitat use. Aquatic Biology 20: 23–33, https://doi.org/10.3354/ab00530 

He Dekui, Sui Xiaoyun, Sun Heying, Tao Juan, Ding Chengzhi, Chen Yifeng, Chen Yiyu 
(2020) Diversity, pattern and ecological drivers of freshwater fish in China and adjacent 
areas. Reviews in Fish Biology and Fisheries 30: 387–404, http://doi.org/10.1007/s11160-020-
09600-4 

Hellmann JJ, Byers JE, Bierwagen BG, Dukes BJ (2008) Five potential consequences of climate 
change for invasive species. Conservation Biology 22: 534–543, https://doi.org/10.1111/j.1523-
1739.2008.00951.x 

Jiang XM, Wang J, Tang WJ, Sun ZW, Pan BZ (2021) Non‐native freshwater fish species in 
the Yellow River Basin: origin, distribution and potential risk. Environmental Biology of 
Fishes 104: 253–264, https://doi.org/10.1007/s10641-021-01070-2 

Kottek M, Grieser J, Beck C, Rudolf B, Rubel F (2006) World map of the Köppen-Geiger 
climate classification updata. Meteorologische Zeitschrift 15: 259–263, https://doi.org/10. 
1127/0941-2948/2006/0130 

Li S, Wei H, Vilizzi L, Zhan A, Olden JD, Preston DL, Clarke SA, Cudmore B, Davies GD, 
Wang XM, Copp GH (2021) The future of legislation, policy, risk analysis, and management of 
non-native freshwater fishes in China. Reviews in Fisheries Science & Aquaculture 29: 
149–166, https://doi.org/10.1080/23308249.2020.1782830 

Li S, Chen J, Wang X, Copp GH (2017) Invasiveness screening of non-native freshwater fishes 
for the middle reach of the Yarlung Zangbo River, Tibetan Plateau, China. River Research 
and Applications 33: 1439–1444, https://doi.org/10.1002/rra.3196 

https://doi.org/10.3391/bir.2023.12.4.25
https://www.invasivesnet.org
https://doi.org/10.3724/SP.J.1035.2009.00278
https://doi.org/10.1016/j.gene.2020.145351
https://doi.org/10.1016/j.tree.2005.01.003
https://doi.org/10.15928/j.1674-3075.2014.02.011
http://doi.org/10.13292/j.1000-4890.202301.012
https://doi.org/10.1016/j.marpolbul.2022.113763
https://doi.org/10.7541/2016.124
https://doi.org/10.7541/2016.124
https://doi.org/10.1111/j.1095-8649.2010.02566.x
https://doi.org/10.1006/j.bse.2015.01.004
https://doi.org/10.1006/j.bse.2015.01.004
https://doi.org/10.1007/s10750-012-1439-8
https://doi.org/10.3354/ab00530
http://doi.org/10.1007/s11160-020-09600-4
http://doi.org/10.1007/s11160-020-09600-4
https://doi.org/10.1111/j.1523-1739.2008.00951.x
https://doi.org/10.1111/j.1523-1739.2008.00951.x
https://doi.org/10.1007/s10641-021-01070-2
https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1127/0941-2948/2006/0130
https://doi.org/10.1080/23308249.2020.1782830
https://doi.org/10.1002/rra.3196


Rhinogobius cliffordpopei, a new non-native fish in Tibet 

 Qian et al. (2023), BioInvasions Records 12(4): 1139–1146, https://doi.org/10.3391/bir.2023.12.4.25 1146 

Lin ZY, Wu XD (1981) Climate division of the Qinghai-Tibet Plateau. Journal of Geography 
36(1): 22-32 [in Chinese] 

Liu CL, Diagne C, Angulo E, Banerjee AK, Chen YF, Cuthbert RN, Haubrock PJ, Kirichenko 
N, Pattison Z, Watari Y, Xiong W, Courchamp F (2021) Economic costs of biological 
invasions in Asia. NeoBiota 67: 53–78, https://doi.org/10.3897/neobiota.67.58147 

Mack RN, Simberloff D, Lonsdale MW, Evans H, Clout M, Bazzaz FA (2000) Biotic 
invasions: causes, epidemiology, global consequences, and control. Ecological Applications 
10: 689–710, https://doi.org/10.1890/1051-0761(2000)010[0689:BICEGC]2.0.CO;2 

Pimentel D, Lach L, Zuniga R, Morrison D (2000) Environmental and economic costs of 
nonindigenous species in the United States. BioScience 50: 53–65, https://doi.org/10.1641/ 
0006-3568(2000)050[0053:EAECON]2.3.CO;2 

Sevilla RG, Diez A, Norén M, Mouchel O, Jérôme M, Verrez-Bagnis V, Pelt HV, Faver-Krey L, 
Krey G, The Fishtrace Consortium, Bautista JM (2007) Primers and polymerase chain 
reaction conditions for DNA barcoding teleost fish based on the mitochondrial cytochrome 
b and nuclear rhodopsin genes. Molecular Ecology Notes 7: 730–734, https://doi.org/10.1111/ 
j.1471-8286.2007.01863.x 

Strayer DL (2010) Alien species in freshwaters: ecological effects, interactions with other stressors, 
and prospects for the future. Freshwater Biology 55: 152–174, https://doi.org/10.1111/j.1365-
2427.2009.02380.x 

Sui XY, Zhang XA, Jia YT, Chen YF, He DK (2016) Predicting fish invasions in the Yarlung 
Zangbo river of the Qinghai-Tibet Plateau, China. American Fisheries Society Symposium 
84: 139–167 

Sun HY, He DK, Sui XY, Chen YF (2020) Predicting impacts of future climate change and 
hydropower development towards habitats of native and non-native fishes. Science of the 
Total Environment 707: 135419, https://doi.org/10.1016/j.scitotenv.2019.135419 

Tang JF, Ye SW, Liu JS, Li W, Liu JS, Zhang TL, Guo ZQ, Zhu FY, Li ZJ (2013) Status and 
historical changes in the fish community in Erhai Lake. Chinese Journal of Oceanology and 
Limnology 31: 712–723, https://doi.org/10.1007/s00343-013-2324-7 

Tang WJ, He DK (2015) Investigation on alien fishes in Qinghai Province, China (2001–2014). 
Journal of Lake Sciences 27: 502–510, https://doi.org/10.18307/2015.0318 

Vitule JRS, Freire CA, Simberloff D (2009) Introduction of non-native freshwater fish can 
certainly be bad. Fish and Fisheries 10): 98–108, https://doi.org/10.1111/j.1467-2979.2008.00312.x 

Wang ZW, Zhu R, Li XX, Qian JS, Sui XY (2023) First record of the non-native western 
mosquitofish, Gambusia affinis (Baird & Girard, 1853), in the Eastern Himalayas, China. 
BioInvasions Records 12: 298–305, https://doi.org/10.3391/bir. 2023.12.1.26  

Ward RD, Zemlak TS, Innes BH, Last PR, Hebert, PDN (2005) DNA barcoding Australia’s fish 
species. Philosophical Transactions of the Royal Society B: Biological Sciences 360: 1847–1857, 
https://doi.org/10.1098/rstb.2005.1716 

Wu HL, Zhong JS (2008) Fauna Sinica, Osteichthyes, Perciformes V, Gobioidei. Science Press, 
Beijing, 977 pp [in Chinese] 

Xiong W, Sui XY, Liang SH, Chen YF (2015) Non-native freshwater fish species in China. 
Reviews in Fish Biology and Fisheries 25: 651–687, https://doi.org/10.1007/s11160-015-9396-8 

Yu CQ, Zhang YJ, Clasu H, Zeng R, Zhang XZ, Wang JS (2012) Ecological and environmental 
issues faced by a developing Tibet. Environmental Science & Technology 46: 1979–1980, 
https://doi.org/10.1021/es2047188 

Yu FD, Gu DE, Tong YN, Li GJ, Wei H, Mu XD, Xu M, Yang YX, Luo D, Li FY, Hu YC 
(2019) The current distribution of invasive mrigal carp (Cirrhinus mrigala) in Southern 
China, and its potential impacts on native mud carp (Cirrhinus molitorella) populations. 
Journal of Freshwater Ecology 34: 603–616, https://doi.org/10.1080/02705060.2019.1655492 

Yuan G, Ru HJ, Liu XQ (2010) Fish diversity and fishery resources in lakes of Yunnan Plateau 
during 2007-2008. Journal of Lake Sciences 22: 837–841 [in Chinese] 

Zhu R, Sun HH, Ji SH, Li XX, Jia YT, Sui XY (2023) First wild record of tench, Tinca tinca 
(Linnaeus, 1758) in Tibet, China. BioInvasions Records 12: 292–297, https://doi.org/10.3391/ 
bir.2023.12.1.25 

   
   

https://doi.org/10.3391/bir.2023.12.4.25
https://www.invasivesnet.org
https://doi.org/10.3897/neobiota.67.58147
https://doi.org/10.1890/1051-0761(2000)010%5b0689:BICEGC%5d2.0.CO;2
https://doi.org/10.1641/0006-3568(2000)050%5b0053:EAECON%5d2.3.CO;2
https://doi.org/10.1641/0006-3568(2000)050%5b0053:EAECON%5d2.3.CO;2
https://doi.org/10.1111/j.1471-8286.2007.01863.x
https://doi.org/10.1111/j.1471-8286.2007.01863.x
https://doi.org/10.1111/j.1365-2427.2009.02380.x
https://doi.org/10.1111/j.1365-2427.2009.02380.x
https://doi.org/10.1016/j.scitotenv.2019.135419
https://doi.org/10.1007/s00343-013-2324-7
https://doi.org/10.18307/2015.0318
https://doi.org/10.1111/j.1467-2979.2008.00312.x
https://doi.org/10.3391/bir.%202023.12.1.26
https://doi.org/10.1098/rstb.2005.1716
https://doi.org/10.1007/s11160-015-9396-8
https://doi.org/10.1021/es2047188
https://doi.org/10.1080/02705060.2019.1655492
https://doi.org/10.3391/bir.2023.12.1.25
https://doi.org/10.3391/bir.2023.12.1.25


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /LeaveColorUnchanged

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams true

  /MaxSubsetPct 100

  /Optimize false

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages false

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages false

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

    /RUS <>

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



