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Abstract
Fin clipping is unlikely to be a major health issue, but their effects on small fish under variable 
environmental conditions have not been fully tested. In this study, we explored how nitrate pol-
lution and fin-clipping affect the natural ecto-symbiont community of three-spined sticklebacks 
Gasterosteus aculeatus. Our results showed that fin clipping has a neutral effect on the abundance of 
the ecto-commensal Trichodina spp. and the well-known pathogen Gyrodactylus gasterostei, and that 
such an effect is not influenced by a 4-week exposure to 50 mg NO3

- L-1. This nitrate level, however, 
markedly reduced the abundance of these two ecto-symbionts compared to controls at < 10 mg 
NO3

- L-1. In conclusion, this study suggests that fin-clipping is a valid non-destructive method for 
tissue sampling in fish, and that an ecologically relevant nitrate concentration can protect fish against 
some species of Trichodina and Gyrodactylus. 

Introduction
Epidermal lesions can seriously compromise 
fish health as skin is their primary barrier 
against pathogens and plays a key role in os-
moregulation (Elliott, 2000). However, lesions 
such as fin clipping are unlikely to be a major 
health issue, since fish skin regenerates easily 
(Nielsen, 1992; Lucas and Baras, 2000). Nonethe-
less, this has been mostly investigated in large 
fish, typically measuring survival, growth and/
or behaviour (e.g. Acolas et al., 2007; Petersson 
et al., 2014) rather than immune status. Further, 
the few studies that have examined how fin 
lesions influence the vulnerability of small fish 
to disease show conflicting results (Wedekind 
and Little, 2004; Henrich et al., 2014). These 

studies were also conducted in clean water, 
even though pollution is widespread and a 
major causal agent of fish disease (Arkoosh et 
al., 1998). Thus, it is necessary to increase our 
knowledge of how fin-clipping can affect fish 
health under variable water quality conditions. 

Nutrient pollution is one of the most pernicious 
forms of ecological change resulting in eutrophi-
cation (Smith and Schindler, 2009; Maceda-
Veiga et al., 2017). Whilst the direct link between 
nutrient pollution and disease remains largely 
unexplored, there is often a positive effect on 
parasites with direct life-cycles (MacKenzie 
and Townsend, 2007; Vega Thurber et al., 2014). 
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However, this contrasts with the severity of 
the monogenean Gyrodactylus turnbulli on the 
Trinidadian guppy Poecilia reticulata, which 
reduces in nitrate polluted water (Smallbone 
et al., 2016). Nonetheless, there is correlative 
evidence of positive (Lafferty, 1997) or neutral 
effects of eutrophication on monogenean abun-
dance (Vidal-Martínez et al., 2010). Given the 
diversity of host-parasite relationships, these 
contrasting results highlight the need of iden-
tifying which host-parasite combinations are 
likely to promote pathogenesis with nutrient 
pollution (Marcogliese and Pietrock, 2011).

Our experimental study tests the hypothesis 
that nitrate pollution increases the abundance 
of ecto-symbionts on fin-clipped three-spined 
sticklebacks (Gasterosteus aculeatus). If nitrate 
protects fish against gyrodactylids as suggested 
by Smallbone et al. (2016) in the G. turnbulli-
guppy system, we hypothesised that nitrate 
would reduce the severity of monogenean infec-
tions on G. aculeatus. If fin clipping is a suitable 
non-destructive method for tissue sampling in 
small fish, we also expected that it would not 
increase the abundance of other well-known 
pathogens on G. aculeatus.

Materials and methods
Host and parasite origins
Fish (n = 120, SL range = 35-48 mm) were cap-
tured with dip nets in November 2014 in Roath 
Brook, Cardiff, UK (51°29’50 N, 3°10’11 W), 
and brought to Cardiff University following 
Home Office (HO) standards. Fish were accli-
matised for one week to the laboratory con-
ditions in fully equipped 50 L tanks (30 fish/
tank). This also facilitated parasite transmission 
and ensured all hosts were infected at the be-
ginning of the experiment (Time 0). Fish were 

fed daily with chironomids and Daphnia, and 
maintained in a mixture of river and laboratory 
water 1:1(v/v) under 15±1°C and 12 h L:12 h 
D. Water quality was monitored through the 
experiment as detailed in Maceda-Veiga et al. 
(2015a) and Smallbone et al. (2016).

Experimental design and screening procedure
After acclimatisation, each fish was anaesthetised 
with 0.02% tricaine methanesulfonate (MS222®) 
and placed in a Petri dish containing clean dechlo-
rinated tap water. Fish were examined under a 
dissecting microscope with fibre-optic-epi-illumi-
nation, and plastic tips were employed to gently 
manipulate the fish and view all its surface. The 
same equipment was used to monitor weekly 
ecto-symbiont numbers on each fish. Ecto-symbi-
ont identity was confirmed by examining mucus 
scrapings from an additional 10 fish under a light 
microscope at x 400 magnification. Initial gyro-
dactylid identification was based on hook mea-
surements and the presence/absence of excretory 
bladders and then species confirmed by rDNA 
sequencing of the Internal Transcribed Spacers 
following the methods outlined by Harris et al. 
(1999). Each fish was then individualised in 1 L 
pots and assigned to one of the four treatments 
(control, nitrate pollution, fin-clipped, and nitrate 
pollution and fin clipped; n=30/treatment). The 
experiment was terminated after 4 weeks follow-
ing our previous study (Smallbone et al., 2016). 
All fish were then transferred to clean water for 
recovery. No fish died during the experiment. 

As an experimental nitrate concentration, we 
used the current safety legal threshold (50 mg 
NO3

-/L, EU Nitrates Directive), which is also 
within the range reported in recirculating aqua-
culture systems (Van Rijn et al., 2006). Potas-
sium nitrate (KNO3) was used to prepare the 
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nitrate solutions. The water of each 1 L container 
was fully renewed every three days and water 
quality was checked as detailed in Smallbone et 
al. (2016). One lobe of the caudal fin was clipped, 
representing a non-destructive tissue sample for 
genetic or stable isotope analysis (e.g. Valladares 
and Planas, 2012; Cano-Rocabayera et al., 2015).

Statistical analyses
All statistical analyses were run in R (R develop-
ment Core Team 2008). Differences in ecto-sym-
biont abundance between nitrate and fin-clipped 
treatments over time were analysed using a linear 
mixed model (GLMM) with quasipoisson distri-
bution. Fish ID was included as a random effect 
in the GLMM to avoid pseudo-replication. Main 
and interactive effects of standard length with 
nitrate and fin-clipped treatments were included 
to account for the effect of these two factors on 
ecto-symbiont abundance at different fish lengths. 
Nitrate and fin-clipped treatments and time were 
also included as interactive terms to determine 
the effect of these factors on ecto-symbiont abun-
dance over time. Finally, standard length and 
time were introduced in the models as interaction 
terms to account for the effect of length on ecto-
symbiont abundance over time. Models were 
validated with diagnostic plots. Ecto-symbiont 
abundance was log-transformed to deal with 
over-dispersion. Other error distributions than 
quasipoisson also suitable for skewed count data 
(e.g. negative binomial) did not improve model 
fitting nor altered the significance of the predic-
tors. Significance of predictors was tested using 
a likelihood-ratio test at P < 0.05.

Ethical note
All of the work conducted in these experiments 
was covered by following statutory animal 
welfare requirements (PPL 30/2876).

Results
Of the 120 three-spined sticklebacks Gasterosteus 
aculeatus examined, we detected the presence 
of trichodinids (Trichodina spp.: mean ± S.E. = 
7 ± 0.38) and Gyrodactylus gasterostei (22 ± 2) in 
all fish after acclimatisation (Time 0). The only 
other ecto-symbiont detected was the ciliate 
Vorticella sp. found on a couple of fish from this 
population, but was excluded as it was rare.

The abundance of Trichodina spp. (χ² = 226.2, P 
< 0.001) and G. gasterostei (χ² = 170.1, P < 0.001) 
markedly reduced in clean water over time 
(Figure 1). This effect was even more marked 
under nitrate pollution for both G. gasterostei (χ² 
= 16.2, P < 0.001) and Trichodina spp. (χ² = 17.78, 
P < 0.001, Figure 1). Fin-clipping did not affect 
the abundance of Trichodina spp. (χ² = 0.38, P 
= 0.54) or G. gasterostei (χ² = 0.36, P = 0.56). No 
main or iterative effects on the abundance of 
Trichodina spp. and G. gasterostei were found 
between fin clipping and fish size or nitrate 
pollution (All P > 0.25).

Discussion
Our study supports the use of fin-clipping as 
a non-destructive tissue sampling method in 
Gasterosteus aculeatus. Fin-clipping had a neutral 
effect on the abundance of the ecto-commensal 
Trichodina spp. (Lom and Dyková, 1992) and 
the well-known pathogen Gyrodactylus gaster-
ostei (Rahn et al., 2015). Such an effect was not 
affected by nitrate pollution, which accelerated 
the loss of Trichodina spp. and G. gasterostei in 
all fish examined for the current study.

The abundance of G. gasterostei and Trichodina 
spp. was not influenced by fin clipping in clean 
and nitrate polluted water, supporting that this 
is a valid non-lethal sampling method for small 
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Figure 1. The abundance of Gyrodactylus gasterostei and Trichodina spp. on Gasterosteus aculeatus in control 
(A, B), fin clipped (C, D), nitrate polluted (E, F), and fin clipped and nitrate polluted (G, H) treatments. Each 
plot corresponds to 25th and 75th percentiles; the dark line is the median; error bars show the minima and 
maxima except for outliers shown as open circles.
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fish (Valladares and Planas, 2012; Henrich et al., 
2014). Our results also agreed with Smallbone et 
al. (2016) who found that the severity of G. turn-
bulli infection on Poecilia reticulata reduced after 
7 days at 50 mg NO3

-/L. They, however, reported 
10 % mortality after a 4-week exposure and no 
fish died in the current study, highlighting the 
difficulties of determining safety nitrate thresh-
olds when there is such variation between taxa. 
Differences in fish mortality could, however, be 
attributed to ontogenetic differences, as adult 
fish were used in the current study and juveniles 
by Smallbone et al. (2016).

Our results also indicated that Trichodina spp. 
abundance markedly reduced at 50 mg NO3

-/L 
compared to controls. This contrasts with previ-
ous data showing that trichodinids proliferate 
in eutrophic waters (e.g. Ogut and Palm, 2005; 
Maceda-Veiga et al., 2013). However, results 
of these correlative studies can be masked by 
factors other than nutrient enrichment associ-
ated with eutrophication. For instance, water 
turbidity affects fish shoaling behaviour and 
hence ecto-symbiont transmission (e.g. Hockley 
et al., 2014). Likewise, the concentration of fine 
organic particles, the diet of protists such as 
trichodinids (Lom and Dyková, 1992), increases 
in eutrophic waters (La Rosa et al., 2001). It is 
unknown, however, if these specific conditions 
also benefit gyrodactylids, but a large amount 
of organic debris, originating from an urban 
lake upstream, was present at our sampling site 
(pers. observ.). The lack of organic matter may 
explain why these two ecto-symbionts went 
extinct in clean water, supporting a major rule 
in aquaculture that reducing organic load helps 
control fish diseases (Noga, 2011).

In conclusion, our results suggest that fin-clip-
ping can be safely used for sampling tissue in 
small fish such as G. aculeatus, and supports the 
notion that nitrate can protect fish against some 
species of Gyrodactylus. Further studies using 
biomarkers (see Maceda-Veiga et al., 2015b; 
Colin et al., 2016) in small fish are necessary 
to fully understand the effects of nitrate and 
fin-clipping on their health.
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