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Abstract Samples for the analysis of stable isotopes,

genetics and other tissue sampling methods of small

fish are often taken via lethal techniques. The aim of

this study was to determine the suitability of a non-

lethal sampling method for removing muscle tissue

from fish under 30 cm total length (TL). A 4-mm

biopsy punch was used to remove muscle tissue from

two different species, Lutjanus russelli (Lutjanidae)

and Lethrinus laticaudis (Lethrinidae). Several scales

were removed from the sampling location, and then

the biopsy punch was inserted to remove the muscle

tissue. Immediately following this, a mixture of Fish

BandageTM and three drops of BetadineTM antiseptic

solution was applied to the wound to reduce the chance

of infection. The biopsy punch removes an average of

8 mg of muscle tissue from the fish, more than is

required for stable isotope and genetic analyses

(1 mg). The condition of fish subjected to our three

treatments, biopsied fish, a handling controls and a

tank control, was compared via gill beat counts at the

time of biopsy and 3, 6, 9, 12 and 24 h after treatment.

Overall, no instances of mortality were recorded

across the study for all species and all treatments. This

method has been found to be a suitable non-lethal

method in the removal of muscle tissue from these two

fish species, potentially also other species under 30 cm

TL, by eliminating mortality and minimising stress

responses in sampled fishes.
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Introduction

Tissue sampling has become an important method for

understanding how different animals interact within

an ecosystem. The tissue sampling of fish has

predominantly focused on the genetic structure of

different populations (e.g. Williams et al. 2015), the

feeding habits of different species (e.g. Davis et al.

2014), assessing where an individual is placed within a

food web (e.g. Boecklen et al. 2011) or assessing how

much mercury may be present in the tissue of some

individuals (e.g. Baker et al. 2004). While tissue

sampling is important for furthering our understanding

of fish ecology, large quantities of individuals each

year are killed for small amounts of muscle tissue

(Jardine et al. 2011). This has resulted in an increase in

studies investigating non-lethal sampling methods to

collect tissue samples from a range of different species

(Busst et al. 2015; Cano-Rocabayera et al. 2015; Smith

et al. 2015).

The effects of non-lethal sampling have been

investigated on cetaceans, birds, reptiles, sea horses
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and even large fish species (in particular, several shark

species) (Daly and Smale 2013; Hammerschlag and

Sulikowski 2011). Non-lethal sampling of fin clips has

been shown to be effective in some species, with

Hippocampus guttulatus having a good correlation

between fin tissue and muscle tissue for stable isotope

analysis (Valladares and Planas 2012). However,

some non-lethal methods for collecting tissue samples

provide inconsistent results in application such as

stable isotope analysis. For example, Jardine et al.

(2011) found that the collection of fin clips for

stable isotope analysis was effective for certain

elements such as carbon, but there was a poor

correlation between muscle and fin clip nitrogen

isotopes. These inconsistencies may compromise

reliability of studies on changes in trophic position

and feeding habits (Davis et al. 2014; Hussey et al.

2012), thereby suggesting that a range of non-lethal

sampling methods are usable; however, there are cases

where muscle tissue is the only option.

Non-lethal methods of tissue collection are partic-

ularly important for studies requiring large numbers of

specimens (Robbins 2006). For example, Evans

(2008) used a biopsy probe that was attached to the

end of a speargun shaft and recorded an approximately

80 % success rate in tissue collection of fish larger

than 30 cm TL. While this method is considered an

effective way of collecting tissue samples, it is not

suitable for smaller fish species. Similarly, methods

for sampling cetacean tissues have been developed

over the last 40 years, using a crossbow to take the

biopsy (Noren andMocklin 2012); however, neither of

these is usable for smaller fish. The development of

non-lethal techniques for muscle tissue sampling

suitable for a wide range of fish species and sizes is

therefore an essential step to further conserve fish

communities, while also gathering important infor-

mation on the biology, ecology, habitat use and

contaminant loads of different species (Daly and

Smale 2013), especially in marine protected areas or

for endangered species where destructive sampling is

obviously undesirable.

Non-lethal sampling is often associated with acute

levels of stress for the organisms being sampled,

resulting in likely higher mortality upon release as

high levels of stress may result in death (Davis 2010).

Biological indicators such as ventilation rate (mea-

sured in fish as gill beats per minute) have been shown

to be effective indicators of acute stress (Barreto and

Volpato 2011; Bonga 1997). Ventilation rates are

directly linked to an individual’s metabolic rate and

general fitness and are therefore a suitable measure of

an individual’s response to a stressful event (Barreto

and Volpato 2011).Ventilation rates are easily quan-

tified and non-invasive, thereby reducing confounding

stressful encounters (Bell et al. 2010) and are one of

the first indicators that increases in response to a

stressful situation (Barreto and Volpato 2004). Given

the suitability of ventilation rates for assessing stress,

it is a suitable method to determine the stress

experienced by fish that have undergone a biopsy

punch to remove a portion of muscle tissue.

Therefore, the overall aims of this study were to

determine:

1. If levels of mortality are higher in biopsied fish

than in non-biopsied fish,

2. If stress levels (as measured by gill beats per

minute) differ between biopsied and non-biopsied

fish, and

3. If the biopsy punch method for muscle tissue

sampling is suitable for field use.

Materials and methods

Moses perch, Lutjanus russelli (Bleeker, 1849) and the

Grass Emperor, Lethrinus laticaudis (Alleyne and

Macleay, 1877) were collected from Moreton Bay

(27�S, 153�E), Queensland, Australia. Thirty individ-

uals from each species were caught by rod and reel and

transported to the Moreton Bay Research Station

where they were placed in open-circuit aquaria. The

time between when fish were captured and being

placed in individual aquaria never exceeded 2 h, with

fish in the interim placed in an aerated bucket.

Individual fish were placed in separate 50-L glass

aquaria (30 cm 9 20 cm 9 30 cm). The total length

(TL) of all individuals was measured to the nearest

millimetre using a measuring tape. L. russelli ranged

from 110 mm to 200 mm in total length and was on

average 158 ± 18.9 mm (SD) total length.L. laticaud-

is was on average 140 ± 17.1 mm and ranged from

105 to 170 mm total length. Fish were not acclima-

tised to laboratory conditions prior to the commence-

ment of the experiment so that the effect of the biopsy

could be measured at a time point when they are still

stressed due to capture and handling.
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In this study, we will be using a medical-grade

biopsy punch (Kai Medical, see Fig. 1) that has been

used predominantly in dermatological applications in

the past. The biopsy punch has a stainless steel sharp

cutting edge. This style of biopsy punch has been also

used in veterinary science as a tool for removing tissue.

For the biopsy treatment, three or four scales were

removed with forceps from approximately 2 cm below

the leading edge of dorsal fin. Fish were restrained by

hand (with latex gloves) on a soft, rubber surface

covered in water to prevent drying out and effects of

hand acids. A 4-mm-diameter biopsy punch was

inserted approximately 3 cm into the muscle of the

fish by gently twisting and the tissue removed and

placed in a micro-tube to be frozen. Once the biopsied

muscle tissue was removed, two wound treatments

were applied. Firstly, Fish BandageTM was inserted in

the wound to reduce the chance of infection. Fish

BandageTM is a non-toxic, non-allergenic cellulose-

based powder that forms a clear viscous gel when in

contact with water and can treat skin ulcers and bind

openwounds in fishwhen combinedwith an antiseptic.

Secondly, three drops of BetadineTM antiseptic solu-

tion were applied to the surface of the Fish BandageTM

powder to further reduce the chance of infection. This

procedure takes less than one minute, and fish were

returned to their aquaria immediately.

In addition, ten handling controls were completed

for each species. Here, fish were handled in exactly the

same way as the biopsied fish (fish were removed from

the tank and placed on a soft rubber surface for the same

period of time as biopsied fish), except that the biopsy

punch was not used and the skin not broken. These

individuals were used to account for the effects of

handling and laboratory conditions. The final ten fish

were left in the aquaria throughout to provide reference

stress levels without any handling (tank controls).

Gill rates were measured for all individuals from all

treatments at the time of the biopsy and then 3, 6, 9, 12

and 24 h after the biopsy had been taken. After this,

the biopsied fish were moved to a 12,000-L tank (3 m

diameter 9 1.6 m deep, open-circuit flow through

system). Fish remained in this tank over the following

4 weeks to monitor the wound healing. Prior to

release, all individuals were visually assessed for

any damage to the skin or infections that may have

arisen throughout the biopsy sampling. Mortality was

assessed at the end point of the study.

The dependent variable ‘gill rate’ was analysed

using a repeated measures linear mixed model (LMM)

in SPSS (SPSS Released 2013). Three factors were

used: species (two levels: L. russelli and L. laticaudis),

treatment (three levels: biopsied fish, tank control and

handling control) and time (random, repeated measure

Fig. 1 aKaiMedical biopsy punch used in the study has a 4-mm-diameter cutting edge; b the wound, highlighted by the red circle, of a
Lutjanis russellii after a 4-week period; c, d the biopsy punch wound after 4 weeks of two different Lethrinus laticaudis individuals.

(Color figure online)
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with six levels: 0, 3, 6, 9, 12 and 24 h from biopsy).

Fish total length was initially included as a covariate in

the analysis to assess potential effects of size; how-

ever, was found to be non-significant and subsequently

removed. Gill rate was transformed to meet assump-

tions using a natural log (ln) transformation. A range

of models were investigated, and the best model was

obtained by comparing various goodness-of-fit statis-

tics (-2 log likelihood, AIC and BIC). When signif-

icant differences were found, estimated marginal

means were used to identify which means differed.

Results

The removal of muscle tissue for the biopsy sample had

no effect on survival, with all fish surviving for the entire

period of the study. The biopsy punch was able to

remove on average 8 mg of muscle tissue from each

individual. We found no significant differences in gill

beat rates among biopsied fish, handling controls or tank

controls. However, gill beat rates did vary through time

andbetweenfish species (Table 1; Fig. 2).This could be

seen with a significant interaction between species and

time (df = 5, F = 3.573, p = 0.004) that showed that

at the time of biopsy and 3 h afterwards, gill rate was

higher for both species. The following four sampling

times all had a significantly lower gill rate. Biopsy

wound sites for all individuals were covered with an

epidermis layer within 1 week, and scales had regrown

within 2 weeks. Figure 1b–d show the biopsied sites on

different individuals after 2 weeks.

Gill rates for biopsied fish showed a similar pattern

to those of both controls, and a lack of significant

difference indicates that a majority of the stress is

caused by the captive state of the fish and that it is

more stressful for the fish to be caught using rod and

reel and then it is to undergo the biopsy. L. russelli had

a consistently higher gill rate than L. laticaudis at all

times except at the initial time of biopsy. The

significant difference at the time level shows that the

effects of the biopsy are only influencing the stress

levels of the fish for the first 3 h of the study. While it

is expected that there would be differences in gill beats

after the removal of the biopsy, the lack of treatment

effect suggests that this method may be suitable.

Discussion

‘For a non-lethal method to be suitable, it must (1)

minimise impacts and stress on individual animals; (2)

remove the correct amount of tissue; (3) prevent long-

Table 1 Three-way linear mixed model for analysing differ-

ences in stress levels (as measured by gill beat rates) for time

after biopsy, fish species and treatment type

Source Numerator

df

F Sig.

Species 1 15.835 <0.001

Treatment 2 1.698 0.192

Treatment 9 species 2 83.163 0.168

Time 5 1.682 <0.001

Time 9 species 5 3.573 0.004

Time 9 treatment 10 1.639 0.101

Time 9 treatment 9 species 10 0.738 0.688

Fig. 2 Changes in gill rates per minute over the length of the

trials for aMoses perch, Lutjanus russelli and b Grass Emperor,

Lethrinus laticaudis. Black indicates the biopsied fish, dark grey

indicates handling controls (not biopsied), and light grey

indicates tank controls (not handled). Different letters above

each time period indicate significant differences in the means
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term injury; and (4) be quick and efficient (Baker et al.

2004). The method described in this study removes at

least 8 mg dry mass of muscle tissue, meaning it

removes more than is required for stable isotope and

genetic analyses (1 mg). Gill beat rates were seen to

stabilise 6 h after the biopsy, with differences only

seen in the initial two sampling times. Our method

resulted in zero mortality for both species, with all

individuals being under 30 cm TL (minimum of

11.0 cm and mean of 14.9 cm). This method would

therefore be suitable for individuals under the 30-cm

limit found in Evans (2008). However, applicability to

individuals under 10 cm is unknown, and further

testing into this would be necessary. The short time

taken to complete this procedure and the lack of long-

term effect on gill rate also contribute to the suitability

of this method for field studies. Note that we did not

evaluate the use of local anaesthesia, which in

practised hands would probably not add more than a

few seconds to handling time. Our main aims

surrounded the effect of the biopsy punch alone, and

we have shown that even without the use of anaesthe-

sia there is no long-term effect on the gill rate of

individual fish or mortality.

Many studies on the effects of non-lethal sampling

have focused on the suitability of fin tissue, scales or

other portions of the fish for different chemical

analysis. However, many have found issues with the

efficiency of these methods to give similar measure-

ments to that of muscle tissue (Jardine et al. 2011;

Willis et al. 2013). While these studies have shown

that there are non-lethal methods suitable for sampling

fish, they also outline that there are obvious differ-

ences in the turnover rates of different tissues, creating

issues such as ambiguous trophic position (Cabana and

Rasmussen 1996) or feeding habit (Davis et al. 2014).

By creating a cost effective and simple method for the

removal of muscle tissue from fish, a majority of these

problems will be negated. This method also supports

the removal of fish muscle tissue from individuals that

are as small as 11 cm, smaller than those in other

biopsy removal studies (Baker et al. 2004).

We have demonstrated that this method has only a

limited and short-duration effect on fish stress and that

it does not result in mortality. We therefore suggest

that this method would be suitable to use in the field as

part of a catch and release sampling programme. We

propose that biopsies could be performed in the field

using the techniques trialled here, with the fish being

released immediately following application of the Fish

Bandage and antiseptic liquid. We also propose that

during the biopsy procedure that the fish be handled

with wet hands in order to reduce any loss of the mucus

layer of the fish (Hannan et al. 2015). The increase in

the number of studies and management programmes

using tissue sampling to monitor fish populations

suggests that a non-lethal method of collecting muscle

tissue is required. Depending on the type of sampling

required, the method presented here would be highly

suitable, especially for studies conducted in protected

areas or on endangered species, where destructive fish

removal is undesirable.
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