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Carp chemical sensing and the potential of natural
environmental attractants for control of carp: a review

Aaron Elkins,A,B Russell BarrowB and Simone RochfortA,C

ABiosciences Research Division, Department of Primary Industries, Victoria, 1 Park Drive,
La Trobe University, Vic. 3083, Australia.

BResearch School of Chemistry, Australian National University, Canberra, ACT 0200, Australia.
CCorresponding author. Email: simone.rochfort@dpi.vic.gov.au

Environmental context. Carp are responsible for causing significant damage to lakes and rivers resulting in
highly turbid water impacting native fish. At present there are no effective ways to manage the damage caused
by carp or eradicate them, but the efficiency of carp removal from our waterways can be enhanced by the
development of naturally occurring environmental attractants. As part of a broader pest management scheme
the implementation of these attractants can significantly enhance the effectiveness of eradication programs
and lead to the restoration of our waterways.

Abstract. Cyprinus carpio, a species of carp commonly known as European or common carp, are invasive alien species
in Australian inland waters and have an extensive impact on biodiversity and the aquatic environment. The control and
eradication of carp is a major focus of fisheries services throughout Australia, but at present there is no wholly successful
way to limit the damage caused. An integrated pest management scheme (IPM) is the most likely approach to be effective.
Such a scheme could employ current tactics such as trapping in combination with new strategies including attractants or
deterrents. Among proposed attractants are environmentally derived chemicals. Carp have long been observed to prefer
certain habitats and environmental conditions over others, although the reasons for such a preference are not well defined.
This article reviews the current scientific literature for chemical reception and attraction in carp with an emphasis on
environmentally derived attractants and the potential for use of these chemical cues to enhance IPM strategies with
minimal environmental impact.

Additional keywords: analysis, attraction, chemical ecology, chemoreception, environment, pest management,
pheromones, synthesis.

Introduction

Native to parts of Europe and Asia, Cyprinus carpio, com-
monly known as European or common carp, was one of the
first species to be introduced outside its natural range, and now
has a global distribution. The Chinese were the first to use the
fish for a source of food and in aquaculture.[1–3] The fish were
subsequently introduced into the United Kingdom by European
monks and, since the introduction of carp to Australia in 1907–
1908 by D. G. Stead at Prospect Hill Reservoir,[1] carp have
been widely implicated in aquatic resource degradation[4] and
have become one of the most destructive invasive fish species in
Australia’s inland waters. Carp are reproductively active in small
groups of two to four fish with each female releasing between
45 000 and 1 500 000 eggs per ovulatory cycle, depending on
their individual weight.[1] In China carp are used as a means of
improving water quality by preventing algal blooms,[3] and as a
form of weed control.[5] In Australia and in other western coun-
tries where the fish have become established, carp increase the
turbidity of water and uproot and destroy submerged vegetation
essential for native species.[1]

Sound ecological management would ideally seek to eradi-
cate carp in Australia but this is not achievable in the majority
of cases with existing technology. Potential control methods
include targeted fishing (where specific species are physi-
cally removed), chemical control (using poisons, attractants or

repellents), physical control (use of barriers to inhibit movement)
and biological control (viruses or genetic manipulation). Many
of these techniques have been used with varying success.

Carp were recently discovered in Tasmania and caused alarm
because of possible effects on another introduced species, trout.
The Inland Fisheries Service (IFS) in Tasmania have success-
fully removed large numbers of carp from Lakes Sorell and
Crescent where they have captured in excess of 10 000 carp
from the two lakes by electro-fishing and netting in conjunction
with radio-telemetry tracking allowing carp aggregations to be
located and targeted.[6] This has led to the removal of most carp
from the lakes. This method of eradication can only be effective
on specific systems, particularly those that are relatively small,
enclosed and easily accessible allowing for the placement of
nets, implementation of monitoring programs to determine pop-
ulations and provisions to allow for manipulation of spawning
and aggregation sites. Within a monitored population, if repro-
duction is controlled, the levels of carp will significantly decline
so that carp tagged with transmitters will represent the dominant
animals caught. In these circumstances it may be assumed that
all untagged fish have been caught and removed but monitoring
for at least a further seven years is required to ensure that there
are no subsequent spawning events to prevent regeneration of the
population. The seven year period encompasses the time taken
for carp hatchlings to become sexually mature. If no fingerlings

© CSIRO 2009 357 1448-2517/09/050357

http://www.publish.csiro.au/journals/env
mailto:simone.rochfort@dpi.vic.gov.au


A. Elkins et al.

are detected within the seven year period it is assumed that all
females have been removed from the system, preventing any new
outbreaks from occurring. In a large system that is not enclosed
the monitoring of carp levels would be virtually impossible.

Several other methods have been employed in an effort to
control or eradicate carp in Australia. These range from size-
selective fishing (electro-fishing, angling, trapping, and netting)
through to draining of waterways resulting in the exposure of
eggs to air and so preventing hatching. Currently the most
effective solution in the control of invasive fish in Australia is
poisoning.[7] This approach is usually undesirable as there is
little or no specificity and it leads to inevitable death of native
as well as invasive fish. Furthermore, it is not practical in large
water bodies.

An integrated approach is the only feasible way of control-
ling and eradicating carp from waterways, particularly large
rivers. CARPSIM, a modelling framework used to estimate the
effects of control methods, has been developed by the Victorian
Department of Primary Industries to simulate the population
dynamics of carp over a 200-year period. The model is based
on biological parameters attained from carp populations in
the Murray–Darling basin and simulates the effects of differ-
ent management scenarios providing probabilities for achieving
either control or eradication.[4] The simulated probabilities of
successful management scenarios incorporate the effects of fish-
ing of the whole and spawning stock, sabotage of recruitment
and spawning, and genetic manipulation, altering the DNA
to produce daughterless carp, resulting in male dominance.[4]
CARPSIM scenarios published to date were based on two pop-
ulations from Victoria and the effectiveness of the simulation
needs further evaluation when adapting it to other environmen-
tal systems with different climatic conditions. CARPSIM has
shown that there is no single effective method for removal as the
type of population growth is rarely uniform across a range of
systems.

Perhaps the most successful method of pest management is
an integrated approach with complementary techniques result-
ing in broad scale management. Even if highly specific poisons,
viruses or genetic techniques were to be developed it is doubtful
that any one technique would be effective on its own.[7] When
initially released, myxomatosis and the calicivirus for rabbits

Aaron Elkins completed a B.Sc. in Medical, Forensic and Analytical Chemistry at Victoria University in 2003 and honours in
Chemical Science at Victoria University in 2004. In 2005 he commenced working for the Department of Primary Industries con-
ducting pesticide residue analysis on animal products, fruit, vegetables, milk, water and soil. In 2006 he joined the metabolomics
group and is currently completing a Ph.D. in Chemistry in collaboration with Australian National University and the Bioscience
Research Division of DPI investigating the effects environmental chemicals on carp behaviour.

Russell Barrow studied at the University of Melbourne where he received his B.Sc.(Hons) and Ph.D., the latter under the
supervision of Professor Rob Capon. From 1993 to 1996 he undertook postdoctoral work with Professors Richard Moore and
MarcTius at the University of Hawaii developing a synthesis of the cyanobacterial anticancer agents known as the cryptophycins.
Upon returning toAustralia, appointments at Monash University and the University of Southern Queensland preceded his current
appointment as a Senior Lecturer in organic chemistry at the Australian National University. His current research interests are
centred on the organic chemistry of natural systems and involve aspects of organic synthesis, natural product chemistry and
chemical ecology.

Simone Rochfort has a background in natural products chemistry and bioactives discovery (pharmaceutics for human and animal
use from natural sources). Since joining the Victorian Department of Primary Industries in 2004 her research interests have
focused on metabolomics – the study of small organic compounds produced by living systems. She has applied metabolomic
techniques to the understanding of envionment–plant, plant–microbial and plant–animal interactions. Her current research
interests include information integration in a systems biology context to better understand complex interactions.

led to very high mortality rates and seemed to be an effective
bio-control method. However, rabbit populations have evolved
and developed immunity questioning the viability of specific
poisons, viruses or some genetic approaches as individual mech-
anisms for control. When coupled with attractants or repellents
to amass greater numbers, the efficacy of these methods may
be significantly enhanced. With a multifaceted approach man-
agement becomes more realistic. While physical control and
targeted fishing approaches have been valuable, there is a need to
develop tools such as carp attractants or repellents to maximise
the potential of these and other control techniques.

For a successful chemical strategy to be developed a basic
understanding of the behaviour and the biology of this complex
animal is necessary. This review examines mechanisms of carp
attraction, investigating the behavioural response of aquatic ani-
mals to chemical signals and discusses the biological assays and
chemical techniques required to identify chemicals that may acts
as natural carp attractants or deterrents.

Fish behaviour and chemical cues

Chemical cues play important roles in modifying the
behaviour of aquatic organisms including larval settle-
ment and metamorphosis,[8] courtship and mating,[9,10] and
foraging.[11,12] It has long been known that animals both of the
same species and different species recognise certain chemicals
including amino acids, bile acids and hormone complexes; and
that the same chemicals may elicit different responses in differ-
ent species. While the spectrum of chemicals released is quite
broad there tends to be only a narrow range of chemicals at
specific concentrations that elicit responses.[13]

Limited studies have been conducted on the behavioural
responses of carp to chemical stimuli. Yet, those that have been
conducted have yielded similar observations. Once a stimulatory
source is perceived significant changes in fish behaviour occur.
Carp display similar behaviour to whiting and cod[14] where the
fish are observed to go from a somewhat dormant to an excited
state.

Behaviour on exposure to attractant chemicals can be inves-
tigated by introducing the agent in a water plume to the tank
or water body containing the fish. When carp are subject to a
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stimulatory source, movement suddenly ceases and fish leave
the plume area before re-entering with barbels extended accom-
panied by rapid gill movements.[15] Similarly, Pawson[14] found
that if the plume containing the extract comes into contact with
the pelvic fins, as the carp trail the bottom of the tank, then the
carp will stop, turn and begin to comb the area looking for the
attractant source.

As well as attraction behavioural changes, carp are also
observed to exhibit avoidance behaviour. Avoidance behaviour
through chemoreception is important for fish survival.[16] Two
distinct behaviour patterns for avoidance or alarmed behaviour
have been observed.[14,15] Initially, when carp are placed in hold-
ing tanks they appear ‘frightened’ remaining near walls or the
bottom of the tank. When alarmed, carp begin to frantically swim
back and forth along the walls of the tank with quick, rapid turns,
with occasional surface breaks with the head. Jumping is occa-
sionally also observed and it appears as though the carp are
looking for an escape route.[15] These natural behaviours can be
monitored and recorded in the laboratory using infrared video
cameras and so provide a behavioural bioassay system to test
fish response to chemicals.

In the majority of behavioural investigations assays are used
determine the effects of chemical compounds at varying con-
centrations and compositions. The bioassay is designed to elicit
some form of measurable response from the test species indicat-
ing chemoreception. Often, the assay itself involves a food source
of the target species. Assays testing crude extracts of Arenicola
marina, commonly known as lugworm[14]; Limulus polyphemus
eggs[17]; flounder muscle tissue[18]; brown algae[19]; the mid-gut
gland of squid[20]; lake prawn[21]; crustaceans, octopus, squid
mantle, the soft regions of oysters and clams[22]; and tubifex[23];
have all been used to investigate behavioural modifications in
carp. In most cases, they were also compared with a synthetic
amino acid mixture.

AY-maze setup, using entrance diffusion to simulate distance
chemoreception and preferences between paired treatments is
used to measure affinity for one mixture as opposed to a control
solution or another chemical.[17] When crude extracts of a food
source are pitted against a control there is significant migra-
tion towards the attractant ‘food’ arm. Often when individual
components of the food are tested the responses are not as sig-
nificant when combined as a whole, indicating the importance
of synergistic effects in some types of chemical response.[18]

Previously conducted food bioassay analyses show that with-
out the presence of glycine and alanine, in a synthetic mixture
emulating a crude extract, little response is observed.[14,18,22]
This is thought to be owing to the structural similarities of the two
amino acids.[24] Lipids, carbohydrates and proteins on their own
show little or no activity, but the presence of protein appears to be
important based on dialysis and molecular weight fractionation
(MW > 10 000) of whole food extracts (crabs, sea urchins, fish,
etc.).[25] Amino acids present in the crude extract are thought
to define the specific behavioural response and distinguish the
responses between species. Whilst it appears the presence of
glycine and alanine govern the effectiveness of synthetic mix-
tures, the presence of other amino acids more accurately defines
the specific response once detected.[14,18,22,23] Many of these
responses occur as a direct result of some form of stimuli recog-
nition by the chemosensory system, including olfaction, taste,
and dedicated sensory cells. For the purpose of this review, we
will be focusing on the olfactory system. In the animal kingdom
there is definitive evidence that communication within a species
occurs by the release of various chemical components that are
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Fig. 1. Structures of isoprothiolane, benthiocarb and fenitrothion.

readily detected and interpreted by olfaction. The key to being
able to understand the ability of animals to discriminate between
various stimuli lies in the projection pattern of olfactory receptor
neurons in the olfactory bulb.[26]

The responses to the individual stimuli are determined by
the receptor that binds the chemical ligand. The chemosensory
system in fish is extremely well developed and is respon-
sible for mediating behaviour of fundamental importance.
This includes food finding, recognition and location of famil-
iar or preferred habitats, predator avoidance and intra-specie
communication.[27] The effects of a chemical signal are deter-
mined by its specific receptor site.

In carp there are three main receptor sites that result in differ-
ent behavioural responses depending on the received chemical.
They are the lateral olfactory tract (LOT),[26,28] the lateral bulb
of the medial olfactory tract (lMOT)[28–30] and the medial bulb
of the medial olfactory tract (mMOT).[28] The individual recep-
tor sites are independent of one another within the olfactory bulb.
The responses to these scents can be measured and form the basis
of bioassays to directly detect fish brain response to odorants.

Olfactory responses are able to be tested by cutting open the
skull and attaching electrodes to the olfactory bulb.[16] The LOT
is responsible for mediating feeding behaviour of carp,[26] but
the microvillus sensory neurons also play some role.[31] This has
been demonstrated in studies by Hamdani et al.[26] where fish in
the presence of food stimuli with LOTs intact began searching
behaviour where those with cut LOT show no response to the
same stimuli.

The LOT and the microvillus olfactory receptor neurons
respond to amino acids[32] but the ciliated olfactory receptor
neurons respond to bile acids, such as taurolithocholic acid, and
salts.[28] There appears to be no cross communication, resulting
in an accurate representation of the synthesised stimuli, between
different regions of the olfactory bulb.[28] Whilst the LOT has
been classified with its major role as part of feeding behaviour
the MOT has significantly different roles detecting the steroid
pheromones, free and sulfated di- and trihydroxypregnenes, and
androstendione.[33]

In a study conducted by Ishida et al.,[16] responses to ben-
thiocarb, isoprothiolane and fenitrothion (Fig. 1) were tested on
three different receptor sites. Olfactory response, taste response,
and pit response were analysed. The responses were differen-
tially recorded and response reproducibility was tested against
L-alanine.

Taste response was tested by exposing the branches of the
trigemino-facial complex by removal of the eyeball. These
branches are taste fibres that stimulate the nerves in the facial
skin surface. The ramus maxillanis branch, taste buds in the
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Fig. 2. (a) Petromyzonol sulfate; (b) petromyzonamine disulfate; and
(c) petromyzosterol disulfate .[50]

upper lip, were cut off, segmented and reduced to smaller bun-
dles coupled with the trigemino-facial branch. Sensations were
measured and findings were similar to the olfactory system
and only a decrease in sensitivity was seen.[16] Threshold lev-
els for olfactory response were determined to be 10−9.2 M for
benthiocarb, 10−0.6 M for isoprothiolane, 10−5.7 M for fenitroth-
ion and 10−7 M for L-alanine. The levels in the taste sensory
organs were 10−5.2 M for benthiocarb, 10−4.6 M for isoproth-
iolane, to 10−2.7 M for fenitrothion with a reading of 10−9 M for
L-alanine.[16] Neural activity to stimulants were also investigated
and recorded by Ishida et al.[16] Responses were recorded from
the ramus buccalis (snout region). Responses were in accordance
with those previously observed when investigating the olfactory
and taste response systems, again at a lower sensitivity. Overall,
no response is observed in the presence of fenitrothion but in the
presence of benthiocarb and isoprothiolane carp exhibit alarm or
escape behaviour. Ultimately it can be said that feeding responses
in fish are associated with the LOT,[26,28] spawning responses, or
sex pheromones, are associated with the lMOT[28–30] and alarm
responses, or social cues are associated with the mMOT.[28,34]

Pheromones

Pheromones are chemicals that trigger a natural response in a
second member of the same species.[17] They are excreted from
the body and received by a second party resulting in the initiation
of specific reactions. These reactions are owing to a chemical or
chemical blend that evokes a physiological response indepen-
dent of experiences.[7] Pheromones play an important role in the
synchronisation of male and female physiological behaviour.[35]

Possible pheromones for fish include tetrodotoxin,[36]
purines,[37] gonadal steroids,[38] prostaglandins,[39]
bile acids[28,40] and amino acids.[41] Animals, however, only
respond to a narrow available range of compounds at spe-
cific concentrations.[17] The functions of pheromones vary
between species, but include anti-predation or alarm cues, non-
reproductive aggregation, reproductive aggregation and gender
recognition.

The study of insect ecology has provided many insights
into the way animals perceive and respond to chemical sig-
nals. Insects perceive the world through chemistry[42] and
pheromones play a significant role in the many fundamental
behaviours. In the silkworm moth, females release bombykol to
attract males.[43] Upon detection of bombykol, males follow the
air borne trail to the female for mating. Insect mating hormones
have been successfully employed in integrated pest management
schemes. In a mating disruption strategy Oriental fruit moth
hormones (Z)-8-dodecenyl acetate, (E)-8-dodecenyl acetate and
(Z)-8-dodecenol in combination with Codling moth pheromone
(E,E)-8,10-dodecadienol have been successfully used in traps to
attract male insects to remove them from the population.[44]

In the aquatic environment, sea lamprey (Petromyzon mar-
inus), which are a parasitic fish species that have invaded the
Great Lakes of North America, have been extensively studied
and a migratory pheromone is to be used as part of a pest manage-
ment scheme. Migratory adults locate spawning streams using a
pheromone, released by larvae, that is interpreted as an indica-
tor of habitat suitability.[45] Several dozen bile acids have been
tested on sea lamprey but only four show significant activity at
low levels,[46] three have been identified as petromyzonamine
disulfate, petromyzosterol disulfate and petromyzonol sulfate
(Fig. 2).[46–49] The fourth is yet to be identified but is thought to
be a steroidal sex pheromone.[50] This migratory pheromone
can be used as an attractant, luring lamprey into traps; as a
diversion tool; and to disrupt migratory behaviour preventing
access to suitable spawning habitat.[45] The value of integrated
pest management schemes has also been demonstrated for the
lamprey in the Great Lake system of Canada and USA. The
Great Lakes Fishery Commission (in conjunction with Fish-
eries and Oceans Canada, the US Fish and Wildlife Service,
and the US Army Corps of Engineers) undertakes sea lamprey
control. The control program uses several techniques includ-
ing: sea lamprey assessment, lampricides (specific poisons TMF
(3-trifluoromethyl-4-nitrophenol) and granular Bayluscide), sea
lamprey barriers, sea lamprey traps and a sterile-male-release-
technique. An emerging pest control option is the use of the
identified pheromones to control lamprey, a topic that has been
the subject of recent field research and review.[51–53]

Alarm cues

Alarm cues are utilised throughout the animal kingdom.
Although the exact chemical nature of these cues are not
always identified there is good evidence for their existence
in mammals,[54] amphibians[55,56] and insects.[57–60] There is
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also evidence for their existence in fish. One of the first such
fish alarm cues was discovered in minnows and described as
‘Schreckstoff’ by Karl von Frisch in the 1930s. Since then it
has been determined that the active agents are nitrogen oxides
and minnows release hypoxanthine-3-N-oxide (Fig. 3)[37] when
injured by predators. This chemical is also interpreted by other
fish as an alarm cue to flee an area occupied by predators.[61]
Alarm or anti-predation pheromones are often released by
injured conspecifics. Recent studies on crucian carp show that
although fish may respond to alarm cues (in this case skin
extracts) from related species they respond most strongly to those
from conspecifics.[62,63] Interestingly, alarm cues may also act
as attractants for predators.[64] Research has shown that this can
actually advantage the prey, with the chances of the prey escap-
ing increasing owing to interference of a second predator.[65]
The response of fish to alarm cues can also be mediated by other
factors and it has been demonstrated that female crucian carp
ready to mate loose their avoidance behaviour despite exposure
to alarm cues.[66] Again this highlights the importance of having
an in depth understanding of the behaviour of a target species in
a pest management scheme.

Aggregation cues

Non-reproductive aggregation pheromones refer to conspe-
cific odours, resulting in displays of dominance, recognition
of young, schooling and migration.[7,67] Reproductive signals
induce reproductive behaviour in both males and females in
aquatic and terrestrial environments and play a role in the attrac-
tion of the opposite sex for mating. Steroids and prostaglandins
are hormones that have a dual role, to induce the onset of gonadal
development and as sex attraction pheromones.[35,68,69] Both
are detectable at low concentrations by the olfactory system
For example, when male goldfish are exposed to androsten-
dione, a pheromone inducing reproductive aggregation, distinct
behavioural modifications are observed. They become more
aggressive and spawning behaviour is initiated, indicated by
courtship behaviour. Gonadal development also begins when fish
are exposed to certain prostaglandin hormones.[7,67,70]

In goldfish (Carassius auratus), maturation is initially
induced by a release of a female recrudescent pheromone during
vitellogenesis. This recrudescent pheromone is released in the
urine and has not been chemically characterised as yet, however,
there is potential for it to be used as an attractant for males.[71]
Ten hours before spawning, females begin to produce increased
levels of steroids, particularly free and sulfated di- and trihydrox-
ypregnenes and luteinising hormone,[33] a gonadotropin released
from the anterior pituitary gland responsible for the maturation
of the ovarian follicles.[72]

The most important of these are androstenedione, 17α,20β-
dihydroxy-4-pregnen-3-one (17α,20β) and the sulfated metabo-
lite 17α,20β-dihydroxy-4-pregnen-3-one-20-sulfate (17α,20βP-
S)[7,35,67,73] (Fig. 4). 17α,20β is responsible for oocyte matura-
tion in females and induces gonadotropin hormone production
leading to increased seminal fluid and sperm production[67] and
increased aggression between males.[7]

As the ratios between 17α, 20β and androstendione increase,
luteinising hormone production is increased in males and aggres-
sive behaviour is replaced by persistent inspection and following
behaviour.[74] At ovulation the female produces large quantities
of prostaglandin F2α and its metabolite 15-ketoprostaglandin
F2α (Fig. 5). When released they are detected with great speci-
ficity by males and lead to the stimulation of sexual behaviour
and a synchronisation of the release of eggs and milt.[35,73]

Bile acids and other hormone complexes released by goldfish
and carp are thought to have a half-life of approximately one
day[7] when environmental influences are considered.

Habit recognition and feeding cues

Aquatic attractants include chemical compounds that are com-
mon in the aquatic environment. In general these cues are able
to be detected by a variety of aquatic animals. Cues specific to
the aquatic environment can be classified as feeding cues and as
habitat recognition cues. Feeding cues can be either attractants
or deterrents depending on the receiver.[67] That is, feeding cues
may be detected by predators and conspecifics but the response
in each will be different. Predators will interpret the cue as an
attractant to a food source, whereas the prey will detect the cue
as an alarm source and flee before the arrival of the predator.

In invertebrates, habitat recognition cues are mainly proteins
or peptides, but may also include other compounds including
fatty acid derivatives, and are usually specific cues relating to
larval settlement. That is, there is some form of chemical release
deemed desirable for larval settlement and development.[67]
This is evident when observing larval settlement of abalone
on red algae. GABA mimetic metabolites are released by the
red algae that induce larvae to settle upon the surface.[75]
Similarly, marine worms form reef like conformations that
synthesise and release protein complexes with high levels of
3,4-dihydroxyphenylalanine, inducing settlement. In both cases
the protein or peptide sequence is surface bound and therefore
requires contact for recognition.[76]

With vertebrates, there is evidence that the main form of hom-
ing compounds for salmonid fish are bile acids, predominantly
taurine and sulfate conjugates of cholic and chenodeoxycholic
acid. Structures of common bile acids thought to play a role
in homing cues are shown in Fig. 6. Stable bile acids may be
absorbed by organic matter and minerals present in the water
leading to recognition of a fish’s own territory. It appears that
there is a receptive threshold of 10−2 M for bile acids with
detection occurring in the MOT. Sensitivity is at a minimum
during autumn contributing to the thought that they play a sig-
nificant role in salmonid migration.[28] In carp, captured fish
were observed to show a response to water from known carp
spawning sites being added to the holding tanks.[15]

Like pheromones, chemical signals that illicit feeding
behaviour can be simple metabolites that are constant compo-
nents of an organisms tissue[17] but do not induce reproductive
behaviour and are not hormone based. The four most com-
mon of these low-molecular-weight metabolites that serve as
potent attractants or stimulants of feeding behaviour are free
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amino acids, quaternary ammonium compounds, nucleotides,
or nucleosides and organic acids.[22]

Extracts of crustaceans, octopus, squid, oysters and
clams,[22] muscle tissue extracts of flounder,[18] lake prawns,[21]
abalone[19] and the mid gut gland of squid[20] have all been
investigated to determine the most likely attractant metabolites
contributing to their attractiveness as fish feeding behaviour
stimulants. From the lake prawns, abalone, and squid extracts
nine possible attractants were tested on different fish species.
These were lipids, aldehydes, volatile organic acids, volatile
bases, amino acids, betaines, sugars, and the whole crude
extracts.[19–21] Glycine and alanine were found to be the major
components of tissue extracts of fish.[18–22] Creatine, lactic acid
and trimethylamine oxide were also found in high abundance by
Carr.[67]

There were also a variety of other amino acids detected at
lower levels that may play a role in chemical attraction. These
are proline, arginine, histidine,[22] aspartic and glutamic acid,
serine, threonine, valine, methionine, taurine, lysine,[18] vari-
ous amines, such as, dimethylamine and trimethylamine,[19,21]
tryptophan and phenylalanine.[22] All of these compounds prob-
ably play a role in chemoreception even though the response, to
the same chemical, would be different between species. These

studies determined that amino acids induced the highest level
of chemical response amongst test species. The studies comple-
mented each other and all found that individual constituents of
a synthetic amino acid mix do not have the same level of attrac-
tiveness as the mixture as a whole. This finding concurs with
studies done by the Pacific Northwest Laboratories (PNL).[15]
However, the synthetic mixture is not as effective as the crude
extract. This may be owing to variations between compositions
of the extract and the synthesised mixture or the as yet uniden-
tified components in the crude mixture. If the ratios between
the components vary this may influence the effectiveness of the
synthesised mixture.

Acidic amino acids had no significant attractant behavioural
effect on carp; basic, polar and neutral amino acids led to
an increase in exploratory behaviour, but were ineffective as
attractants. Non-polar and polar uncharged amino acids, on the
other hand, had significant effects on exploration as well as
attraction.[23] Heat stable macromolecules may also play a role
but structural conformation is important. It may be specific pep-
tides within the macromolecule that are important rather than
the whole molecule. It may also be the peptide bases that have
been released or freed owing to heat cleavage that result in a
recognised sequence leading to movement.[17]
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Feeding deterrents have been identified from terrestrial and
aquatic plants. It is thought the purpose of these chemicals is
to limit predation. Aquatic plants produce chemicals that are
stored within the accessible plant parts and maybe secreted onto
the surface of the plant.[67] There are many aquatic plants that
produce a range of metabolites that acts as deterrents.[77–81]
Several of these have been demonstrated to inhibit herbivore
activity in some carp species.[78,79] Deterrents in animals are
often secondary metabolites stored from food sources, such as
plants, but many organisms also produce primary pheromones
interpreted as deterrents.[77–81]

It is thought that deterrents in animals are often ingested
or sequestered from plants.[82] Secondary metabolites classified
as feeding deterrents include terpenes, dialdehyde esters, halo-
genated ethers, polyphenols, steroid glycosides and polymeric
pyridinium alkaloids.[67]

Researchers at the Pacific Northwest Laboratories[15]
found that L-cysteine monohydrochloride and D,L-3,4-
dihydroxyphenylalanine (Fig. 7) could act as carp repellents as
carp were observed to show distinctive escape behaviour when
in contact with the odour source.

The rate of decay distinguishes the difference between
whether chemicals are attractants, deterrents or if they have
migratory relevance. The more persistent the chemical cue is
within a designated environment the more likely it is to be an
attractant, conversely, the higher the rate of decay the more likely
the chemical acts as a deterrent.[83] Concentration of an odorant
can also affect fish response. For example, it has been demon-
strated in zebra fish that inter- and intrasexual attractions occur in
different concentration ranges and insufficient or excessive con-
centration fails to elicit the normal response.[84] Fish production
and response to an odorant may also change with reproductive
status. It has been shown that pheromones from female mosquito
fish stimulate differing responses from the male depending on
the reproductive state of the female.[85] If sex pheromones are
to be used in IPM strategies these factors must be considered.
Some pheromones would likely have very limited use in the field
owing to the narrow range of receptive fish and the difficulty in
controlling the concentration in open waters.

Environmental modifiers to chemical cue response

Dissolved organic matter (DOM) accounts for ∼90% of organic
matter in the aquatic environment, and can influence the
bioavailability of chemicals to fish, as well as contain poten-
tially active chemicals. Only 4–6% of total DOM is biologically
available.[86] Most DOM is complexed into structures unable to
pass through the membranes of aquatic wildlife (i.e. gills of fish).
There are potentially tens of thousands of molecules generated
from degradation or diagenesis of natural biota.[86] In water there
are several organic compounds that encapsulate, or compete
with water for the dissolution of, pheromones. If pheromones
are dissolved in organic matter then they are no longer avail-
able for detection as they are unable to cross the gill external
membranes.[35] Conversely, if the pheromone of interest is taken
up by non-ionic surfactants the bioavailability is increased.

Humic substances account for ∼30–50% of aquatic natu-
ral organic matter. They have been known to interact with both
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organic and inorganic contaminants affecting the environmental
behaviour of pollutants.[87] In the presence of humic substances
there maybe a reduction of available steroids.[35]

Humic substances possess many active hydrogen bond-
ing sites making them very chemically reactive.[88] Typical
humic substances are polysaccharides, fatty acids, polypeptides,
lignins, esters, phenols, ethers, lipids, peroxides, benzenes, fura-
noid compounds and aliphatic carbon chain compounds.[89]
Gonadotropin activity has been shown to decrease by 20–30%
when in the presence of humic substances. This decline in activ-
ity can be directly attributed to the concentrations of humic
substances.[88]

To maximise the potential of chemical cues in an IPM strategy
the influence of environmental factors needs to be considered.
Environmental influences that effect fish behaviour include lunar
cycle, population density, water temperature, ambient tempera-
ture, the presence of water plumes and water oxygenation. Carp,
in general, appear to have a high affinity for warm water. The
movement of both grass carp and catfish in thermal discharge
canals on the northern shore of Lake Erie show that carp spent
the majority of the winter within the discharge canal as opposed
to the cooler ambient water in the lake. Greater movements into
the discharge canal are seen after high flows and decreases in
temperature,[90] this is probably owing to greater temperature
variations between the lake and the canal during these periods.
This finding was replicated in controlled environments where
European carp were generally observed to prefer temperatures of
15–25◦C where maximum activity is observed. In lower temper-
ature water the fish exhibited less activity and tended to migrate
towards warmer waters when water at 20◦C was added to tanks
held at 8–10◦C.[15]

Carp have shown that they have a significant tolerance to
increased salinity, temperature fluctuations and low oxygen
levels.[1] There is little evidence indicating that the water quality,
oxygen levels or the presence of plumes have significant attrac-
tion properties, however, these factors should be considered as
contributing factors to the attractiveness of chemical cues, and
for inclusion in a broader pest management scheme.

Analysis of chemical cues

The ability to analyse and identify chemical cues is essential to
discovering new chemical cues and to be able to test them in
a quantifiable manner in laboratory and field trials. Chemical
identification is also essential to allow large scale production of
a chemical cue for field use. There has been little direct analysis
of fish chemical cues in water although water analysis has been
conducted for decades, often focussed around assessing levels
of environmental contaminants such as pesticides. Some com-
mon techniques for the analysis of water are briefly described
and a general scheme for the identification of chemical cues is
presented in Fig. 8.

Mass spectrometry (MS) has been used for more than 30 years
as a means of analysis. In water, the main classes of success-
fully identified compounds by MS are protein complexes, amino
acids, sugars and carbohydrates, lipids and polyphenolics.[86]
The different chemicals require different ionisation techniques to
introduce them into the mass spectrometer. Different ionisation
methods include electrospray ionisation (ESI), matrix-assisted
laser desorption/ionisation (MALDI), atmospheric pressure
electrospray ionisation (APESI) and atmospheric pressure chem-
ical ionisation (APCI). Fragmentation of molecules within the
mass spectrometer assists in the structural determination of a

Sample identification:
Plant, water, pheromone, soil 

Sample extraction using relevant protocol

Bioassay to identify active samples
Sample/fraction has a biological response?

Fully characterise
biological activity

(concentration effect, etc.)

Discard sampleAnalyse sample/s
(NMR/LCMS/GCMS/other)#

Pure compound/s

Further purify sample (e.g. LC,
SPE, liquid/liquid partition, etc.)#

Determine structure of the
compound (NMR/MS)

Yes

No

Yes No

Fig. 8. Techniques for chemical cue identification. #Refer to text for more
detail.

compound by analysis of the unique fragmentation patterns of
the ions. One highly sensitive MS technique for the analysis of
dissolved natural or organic matter in the aquatic environment,
is Fourier transform ion cyclotron mass spectrometry (FT-ICR-
MS).[86] FT-ICR-MS uses a uniform electric field that is applied
after a magnetic field. The different masses and charges of the
molecules undergo different ‘cyclotron motions’ and because
the analytes are constantly subjected to magnetic fields the
frequency of the signal received is only dependant upon the
mass-to-charge ratio of the molecule[86] and is, therefore, highly
sensitive. There are several other mass spectrometer detectors
including ion trap, quadrapole and time of flight (TOF); however,
these have received less use in water analysis.

Liquid chromatography (LC) and gas chromatography (GC)
are often coupled to MS detectors and these hyphenated tech-
niques allow separation of complex mixtures before individual
components are analysed. LC systems can also be coupled to
different detectors such as UV-Vis, fluorescent, electrochemical
and photodiodie array (PDA) detectors. Similarly GC systems
can be coupled to flame ionisation detectors (FID) or detectors
that are sensitive to specific elements such as phosphorous and
nitrogen. Sensitivity can be enhanced by chemical modification
prior or during analysis, for example, methods utilising ninhy-
drin can be used to determine the amino acid profiles[15] and in
an adaptation of this method the derivatisation step can be added
where ortho-phthaldialdehyde is used as the derivatising agent
to allow for the analysis of nucleosides and nucleotides.[22]

Analytes of interest can be concentrated before analysis, low-
ering the levels of detection in each sample. Samples from water,
oysters and fish were analysed for perfluorooctanesulfonate, a
surfactant used in industry that is recognised as an organic pollu-
tant that may be absorbed by aquatic animals. The tissue samples
were extracted by homogenising in combination with methyl
tert-butyl ether. Water samples were also analysed with a pre-
concentration step utilising C18 solid phase extraction (SPE)
cartridges to maximise the amount of target analyte in the final
volume. Analysis was then successfully conducted by LC[91]
showing the effectiveness of SPE as a method of sample purifi-
cation and extraction. An adaptation of this technique is solid
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phase microextraction (SPME). This technique can be applied
to both liquids and gases and absorbs analytes of interest onto the
SPME fibre which is then placed inside a GC-MS system where
desorption and analysis occurs. This technique has proved useful
for hormone analysis but a requirement of this technique is that
the hormones be volatile and of relatively low molecular weight,
making it less useful for many putative fish hormones such as
bile acids and highly oxygenated steroids.[92,93]

While LC and MS are the most common means of direct
water analysis there has been some success in using Fourier-
transform infrared (FTIR) spectroscopy. Monitoring of levels of
humic molecules in the marine environment by oxidative reac-
tions involving catechol and at least one amino acid or dipeptide
has been achieved by Jung et al.[87]; unfortunately no mention for
the sensitivity of the technique is discussed. In addition to FTIR
studies, nuclear magnetic resonance (NMR) studies have been
conducted to obtain information on the nature and number of
functional groups that comprise humic substances.[87] Analysis
of the nitrogen (13N) and carbon (13C) spectra provide informa-
tion on the relative number of different types of functional groups
present.[86] NMR has also proved to be an interesting method to
investigate fish response to environmental stimuli. Samuelsson
et al.[13] used NMR to investigate the metabolomic effect of hor-
mones on rainbow trout. There were no significant differences
seen in the plasma of fish exposed to control conditions or in
the plasma of those exposed to low doses. Once levels were
increased or fish were exposed to high doses of ethinylestradiol,
a form of human contraceptive oestrogen (Fig. 9), significant
increases in monitored levels of endogenous metabolites were
observed.

NMR-based metabolomics is a technique used to investigate
the effects of environmental chemicals on aquatic organisms
and has the potential for the analysis of biofluids and either
intact tissue or tissue extracts.[13] Both solid state and liquid
state NMR have been employed to study organic matter to deter-
mine composition, enable comparisons between oceanic and
marine compounds and provide estimates of carbohydrate, pro-
tein, lipid and lignin concentrations. Solid state NMR places
solid material directly into the probe allowing the sample in
the receiver coil to be at its highest concentration. Liquid state
NMR is dependant on the amount of DOM in solution.[86] Liquid
state NMR is more commonly employed and is often used for
identification of compounds within a sample matrix, characteri-
sation of unknown compounds and analysis of complex matrices
not able to be analysed by other techniques. Two dimensional
and three dimensional experiments can be used to obtain addi-
tional information on the sample. Inverse 2-D experiments can
allow for sensitive proton detection providing information about
H : C and H : N connectivity.[86] These 2-D NMR techniques are
often essential to be able to determine the structure of unknown
compounds including chemical cues. In general these methods

cannot be applied to crude materials to determine the structure of
one unknown amongst many compounds. This is because whole
water extracts, plant extracts or tissue extracts contain a complex
mixture of chemicals that results in multiple signal overlap which
is often too difficult to deconvolute with certainty. To determine
the identity of unknown compounds often the chemical must be
isolated before analysis.

Isolation and purification
Isolation of compounds is commonly done on a small scale
initially to determine the separation properties of analytes of
interest and to optimise the method parameters before con-
ducting large scale extractions. LC methods similar to those
employed for compound analysis can be used for compound
isolation generally at increased scale.

LC methods rely on a solid packing material which has differ-
ent affinities for different molecules. Packing materials include
neutral hydrophobic surfaces (e.g. C18, C8), hydrophilic sur-
faces (e.g. diols (surfaces composed of compounds containing
two hydroxy groups), hydrophilic interaction liquid chromato-
graphy (HILIC) for the separation of very polar compounds)
and charged surfaces (e.g. ion-exchange media such as strong
anion exchange (SAX), strong cation exchange (SCX)). Other
isolation techniques include liquid partitioning such as counter
current chromatography, size exclusion chromatography, and
crystallisation or distillation. Most purification strategies will
require two or more steps, and can use different separation tech-
niques. The aim is to sequentially reduce the complexity of the
mixture until a purified, active chemical is obtained. Ideally, each
step of a purification process is monitored by a bioassay to ensure
that the biologically relevant molecule or molecules are isolated.
Characterisation is then conducted using NMR, MS and FTIR
as discussed previously. NMR is the most widely used technique
for structural confirmation.[86]

Other methods of characterisation that can prove useful
include molecular size determination, precipitation proper-
ties, ionic charge, thermal stability and reactivity to different
enzymes. These techniques can offer insight into the possible
fate of the bioactive molecules under a range of environmen-
tal conditions.[17] In particular stability and water persistence
parameters will be key in determining the utility of any chemical
cue in an integrated pest management scheme.

Conclusions

The potential uses for an environmental attractant are evi-
dent. They can be used to facilitate trapping, disrupt or reduce
reproductive success, disrupt movement or migration, promote
success of sterile fish, repel from locales and be used in the
assessment of population size and distribution.[7] Despite this
potential the use of chemical cues for the control of carp has yet to
be adequately demonstrated in the field. Insect pheromones have
been successfully implemented in IPM strategies. Importantly,
these insect control or crop protection strategies were robust in
the field and provided farmers with real economic advantage.[94]
If similarly robust solutions can be implemented for invasive
aquatic species such as carp then real progress could be made in
the restoration of native waterways.

Little work has been done specifically on the environmental
cues relating to carp and why they seem to prefer to aggregate
and spawn in certain locations rather than others that appear
environmentally similar. This suggests that there are naturally
occurring environmental attractants that modify carp behaviour.
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Additional research is required to identify these putative chem-
ical modifiers and assess their potential utility in a broad scale
pest management strategy.
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