
Chapter 14

Chemical Communication in Decapod Shrimps:

The Influence of Mating and Social Systems

on the Relative Importance of Olfactory

and Contact Pheromones

Raymond T. Bauer

Abstract Interest in chemoreception of decapod shrimps has been stimulated by

observations indicative of sex pheromones, such as frenzied male searching and

copulatory activity in the presence of premolt or recently postmolt reproductive

females. Review of previous studies on shrimp mating behavior led to the formula-

tion of hypotheses about the variation of chemical communication with mating and

social systems. Penaeoidean and many caridean species are highly mobile and live

in dense aggregations, resulting in frequent contacts among individuals. In such

species, males are usually stimulated to copulatory behavior by apparent contact

pheromones on the newly molted female’s exoskeleton, received by contact with

the male’s antennal flagella. In species with temporary mate guarding, males search

for premolt reproductive females, which release water soluble substances received

by olfactory receptors (aesthetascs). Males guard females for some days until the

female molt, after which mating occurs, followed by male abandonment to search

for other females. In “neighborhoods of dominance” mating systems, it is the

premolt parturial female that seeks out a large dominant male, stimulated by his

olfactory pheromones. She is then guarded by the male, which will mate with her

after her molt. In monogamous mate guarding species, males and females form

permanent pairs, with the initial pairing perhaps mediated by sex pheromones

emitted and perceived by both sexes. Olfactory sex pheromones are given off by

females in many caridean species just after the molt, stimulating nearby males and

ensuring mate finding. Recognition of pair partners or social (agonistic) status of an

individual is chemically mediated in various decapod shrimps. The exact source

and chemical composition of olfactory sex pheromones is still unknown, but both

cuticular hydrocarbons and glycoproteins have been implicated as contact sex

pheromones. Comparative studies with additional species are required to test

these hypotheses about the form of chemical communication in different mating

systems. Isolation and chemical identification of sex and individual-recognition
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pheromones is a major avenue of future research. Results of such studies may not

only result in a greater understanding of chemoreception per se, but also may lead to

commercial applications in shrimp fisheries and aquaculture.

14.1 Introduction

Striking behavioral responses to waterborne odors by decapod shrimps (“natantians”)

indicate that they, like many other crustaceans, rely on chemical senses in food

searching, mate recognition, and social interactions. My initial interest in this subject

began in graduate school, stimulated by behavioral observations on small tide-

pool shrimps, Heptacarpus sitchensis, in aquaria. When food items were placed in

the water, shrimps at some distance from the food responded within seconds. Their

increased searching and probing of their surroundings indicated that an olfactory sense

was at work. However, males did not become noticeably excited when a receptive

(recently molted) female was placed at some distance from them in the aquarium.

Only when the male wandered idly by and touched the female with one of its

chemotactile antennal flagella did it react by frantically turning towards and grasping

and copulating with the female. This began a research interest in the olfactory and

chemotactile cues used by shrimps in their mating and social behaviors. Chemical

communication in decapod shrimps is not surprising because most species are noctur-

nal or live in turbid environments in which visual cues are limited. However, this

research area, although expanding, is still mainly limited to basic behavioral studies on

relatively few decapod shrimps from a phylogenetically and ecologically diverse

assemblage.

The purpose of this chapter is to briefly review the most important work done on

sex pheromones (mate attraction and recognition) in relation to species mating

system. Important gaps in our knowledge are presented and hypotheses are pro-

posed that might be tested in future research. The form and role of chemical

communication in intraspecific social interactions (dominance relationships and

individual recognition) is a relatively unexplored but expanding field of interest in

decapod shrimps. Comparisons of chemical communication with other decapods,

especially crabs (Sneddon et al. 2003), lobsters (Atema and Steinbach 2007, Aggio

and Derby, Chap. 12), and crayfishes (Breithaupt and Eger 2002; Breithaupt, Chap.

13) as well as other taxonomic groups, e.g., the insects (Howard and Bloomquist

2005; Wyatt 2003) will aid in proposing hypotheses for future testing.

Phylogenetic differences in basic ecology and life history impose both con-

straints and opportunities on reproduction that are reflected in the forms of chemical

communication of decapod shrimps. Although “decapod shrimps” refer to an

assemblage of taxa (“natantians”) with a similar primitive body form (“caridoid

facies”), this group is not phylogenetically homogeneous (Bauer 2004; Fransen and

De Grave 2009). The carideans (~3,200 spp.) are especially diverse ecologically,

with a variety of life styles in marine habitats at all depths and latitudes, and they

have invaded freshwater habitats as well. The penaeoideans (over 400 spp.) are
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schooling shrimps in warm waters of soft-bottom shallow seas, while the serges-

toids (~100 spp.) are planktonic. The stenopodideans (~70 spp.) are marine

shrimps, often symbiotic with other invertebrates, occurring in male–female

pairs. The decapod shrimps, with their diverse ecologies and life histories, show

considerable variation in mating systems, and their chemical communication as will

be discussed in this chapter.

14.2 Mating Behavior and Mating Systems

The adaptive value of sex pheromones, the most studied form of chemicals mediat-

ing communication in decapod shrimps, can be best understood in the context of

their basic reproductive biology and mating systems. Penaeoid shrimps have two

very different reproductive biologies (Bauer 1991). In the largest family (Penaei-

dae) “open thelycum” species mate without molting when the female is ready to

spawn, at least in the commercially important genus Litopenaeus (Yano et al.

1988). “Closed thelycum” species have sperm-storage structures that are filled by

the male just after a female molt, which is not closely tied to spawning. In caridean

and stenopodidean shrimps, females with vitellogenic gonads mate just after a

parturial (prespawning) molt. Spawning takes place soon thereafter, with the female

attaching the fertilized eggs (embryos) below the abdomen for an extended incuba-

tion (Bauer 2004).

The mating systems of decapod shrimps can be summarized into relatively simple

categories (generalizations) based on characteristics such as encounter rate between

males and females, the duration ofmale–female interaction, and sexual dimorphism in

body size and weaponry (major chelipeds and third maxillipeds). Bauer (2004)

proposed three basic mating systems in carideans, based on those given by Wickler

and Seibt (1981). In monogamy (“mate-guarding monogamy”; also considered as

“extended mate guarding”), a male and female of similar size live in pairs that are

permanent, at least within a single breeding season. Themale continuously guards and

defends the female from other males to ensure that when she molts, he will be at her

side to mate. In temporary female guarding, the usually larger male with enhanced

appendage weaponry seeks out females with maturing ovaries and guards her (24 h to

a few days; Grafen and Ridley 1983; Ridley 1983) through the mating molt, after

which he soon abandons her to seek other females. In pure searching, the usually

smaller males guard neither females nor territories prior to mating. These shrimps

occur in aggregations or schools, and individual mobility and population density are

high. Males frequently encounter other members of the population, checking them for

sex and receptivity. Newly molted females are quickly copulated and abandoned.

Monogamy and temporary female guarding are characteristic of species with low

encounter rates. In such species, males and females do not contact each other fre-

quently because population density is lowor their effectivemobility is limited (species

living in shelters or subject to high predation pressure). Correa and Thiel (2003)

described another category of mating system, “neighborhoods of dominance,” for
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shrimps such as Rhynchocinetes typus and Macrobrachium rosenbergii. In these

species, morphologically distinct and aggressively dominant males control areas to

which receptive postmolt females are attracted.

The basic form of chemical communication via sex pheromones might be

expected to vary with the mating system of the species (Table 14.1 and

Fig. 14.1). Females must ultimately advertise their reproductive condition and

mating receptivity to males. Receptivity is limited to a brief period (a few hours

to a day) after a parturial molt in all carideans, stenopodideans, and many penaeoids

shrimps, or it occurs just before spawning in some penaeoids, e.g., Litopenaeus spp.
(Yano et al. 1988). Females might advertise to attract males before becoming

receptive when encounter rates with males are low or male assistance (defense,

access to resources) is needed for successful reproduction. On the other hand, when

contact with males is frequent as in schooling species (e.g., many pandalids,

crangonids, and penaeoids), it might be advantageous for females to limit their

advertisement prior to receptivity to prevent harassment frommales. Advertisement

over a distance is mediated by olfactory pheromones, whereas sexual condition

at close range is accomplished by contact (gustatory and chemotactile) phero-

mones. Where male–female interaction is relatively brief, individual recognition

is not predicted to evolve, but in monogamous mating systems it should be

adaptive. In the following, I explore hypotheses about the form of chemical

communication involved in sex attraction and mating behavior in various cate-

gories of decapod shrimp mating systems (Table 14.1), and I present the knowledge

leading to these hypotheses.

Table 14.1 Hypotheses on the form of chemical communication in four different categories of

decapod shrimp mating systems

Mating systems

Pure searching

Temporary

mate

guarding

Monogamy

“monogamous

mate guarding”

Neighborhoods

of dominance

Hypotheses

Principal sex pheromone Contact Olfactory Olfactory Olfactory

Timing of pheromone

advertisement

Upon female

molting or

ovulation

�24 h Prior

to female

molting

Prior to

pairing

Prior to female

molting

Sex of pheromone

advertises

Female Female Male or female Male

Individual recognition Absent Low absent Present Low absent

These hypotheses have been derived from information on sex attraction and mating behavior in the

published literature which is presented in the chapter
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Fig. 14.1 Mating systems in decapod shrimps: sexual dimorphism in body size and weaponry,

and pattern of male–female association. (a) Several small males searching for a larger receptive

female (pure searching); (b) large male with hypertrophied chelipeds guarding smaller female

(that he has been attracted to) prior to her mating molt (temporary mate guarding); (c) male and

female of similar body size and weaponry in long-term pairing (monogamy); (d) large dominant

male with hypertrophied weaponry guarding a receptive female (attracted to him) from smaller

subordinate males (neighborhoods of dominance). Drawing by Jorge A. Varela Ramos
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14.3 Female Olfactory Sex Pheromones

Behavioral observations on several caridean species (see earlier summary in

Table 14.1 in Bauer 1979) as well as a few experimental studies indicate that

female olfactory sex pheromones are often emitted upon or after the mating molt.

Such pheromones stimulate obvious male search or courtship behavior in, for

example, Palaemon paucidens (Kamiguchi 1972), Hymenocera picta (Seibt and

Wickler 1979), or M. rosenbergii (in the small subordinate “sneaker” males;

Karplus et al. 2000). On the other hand, careful Y-maze studies by Dı́az and

Thiel (2004; for Y-maze see Fig. 10.2 in Thiel, Chap. 10) revealed that males of

the caridean R. typus were unable to locate receptive females using olfactory cues.

However, females of this species apparently respond to and locate large dominant

males using olfaction. In Alpheus angulatus, Mathews (2003) showed with a

Y-maze experiment that males, which live paired with females in burrows, were

attracted to water exposed to premolt females. However, males did not respond to

premolt males and avoided water from intermolt males and females. Attraction of

large males to premolt females is also indicated in another alpheid, Athanas
kominatoensis (Nakashima 1987).

In some shrimp species, males enter into a frenzied search behavior upon

detection of a water-soluble postmolt female substance. These males are more

likely to respond to a conspecific with some sort of precopulatory behavior. The

substance is not related to molting per se, because males do not respond to recently

molted (soft exoskeleton) nonparturial females or males. In H. picta, the female

olfactory pheromone is effective in attracting males for 3–5 h after her molt (Seibt

and Wickler 1979). Males are induced to court any female when parturial female

molt water is introduced into an aquarium (Seibt 1973). Kamiguchi (1972) showed

with careful observations that a water-soluble substance was only effective in

stimulating males of P. paucidens to search for ~30 min. However, males could

recognize receptive females upon contact for a few hours after the female’s

parturial molt.

A postmolt rather than premolt release of pheromone may be viewed as adaptive

in species living at high density aggregations with pure searching mating systems

(e.g., many Pandalus, Palaemon, Palaemonetes, and Lysmata spp.), where adver-

tisement by females to males long before the molt might to lead to their harassment

and injury by males. The effect of the postmolt female pheromone has been shown

in a rigorous experimental setup using P. paucidens as a model species by Kami-

guchi (1972). Isolated males initiated searching behavior when water from an

aquarium with a recently molted parturial female was pipetted into the male

aquarium. Mating experiments (Fig. 14.2) showed that males primarily responded

to postmolt parturial females. However, some males attempted to copulate with

females in other reproductive states in the presence of postmolt female water, which

presumably contained olfactory sex pheromone.

In the caridean Heptacarpus paludicola, Bauer (1979) was unable to detect

obvious searching behavior by males for a receptive female in the same aquarium.
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To test for a more subtle response to such females, an “olfactometer” was devised.

Males were kept downstream of an inlet chamber containing either an intermolt

female incubating embryos (not sexually receptive) or a newly molted parturial

(receptive female). Male response (swimming behavior) was recorded. First, how-

ever, the olfactometer was tested using a known stimulatory food item (positive

control) and a nonstimulatory small rock (negative control) and found satisfactory

to measure an olfactory response (Fig. 14.3a). Male response to receptive and

nonreceptive females was then tested, resulting in a higher quantitative response

toward the former (Fig. 14.3b). However, a striking qualitative response by males

was not apparent, indicating that olfactory detection of females may not be impor-

tant in this species. Postmolt contact pheromones are the primary means of sex

attraction and recognition in this and other aggregated species. Perhaps females are

not advertising with a pheromone but rather hiding their reproductive condition to

avoid harassment, but they are not completely successful in doing so. Males, on the

other hand, have evolved a method, albeit a relatively poor one, of detecting the

upcoming female molt. Thus, a conflict of sexual interests between males and

females may be occurring in such species.

A premolt “awareness” of a soon-to-molt female has been reported in some

caridean species, perhaps indicative of a female olfactory pheromone. However, the

period is rather short, approximately an hour or less before the molt. In Palaemonetes

Fig. 14.2 Results of experiments by Kamiguchi (1972) showing effect of postmolt sexual

pheromone given off by females of Palaemon paucidens. Males were exposed to females in

different reproductive states, with or without “postparturial molt water” (PPMW), i.e., water from

a tank containing a recently molted parturial female. Male responses (none, searching, mounting,

and copulation) were recorded. Parturial postmolt: a recently molted female with mature ovaries;

postmolt: a recently molted female without mature ovaries; premolt: female with mature ovaries

nearing a parturial molt; intermolt: a female neither near molting nor spawning (from Bauer 2004)
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pugio, males made more frequent contact with females in the minutes just before the

female’s molt (Bauer and Abdalla 2001; Fig. 14.4). This does not result in a pairing

with the female in P. pugio and might be interpreted as an increase in male searching

behavior, enhancing the probability of encountering the soon-to-be molted female. In

Lysmata wurdemanni, a protandric simultaneous hermaphrodite, male-phase indivi-

duals approach and remain in contact with a prespawning female-phase individual

about an hour before the latter’s molt, when mating occurs (Bauer 2002; Zhang and

Lin 2006). In both P. pugio and L. wurdemanni, it may be that the male detects the

female by a water-soluble substance. In both species, it is difficult to separate response

to an olfactory vs. a contact pheromone. These studies on mating behavior were

conducted within a small arena where physical contact (especially with the long

antennal flagella) was probably frequent.

Bauer and Abdalla (2001) proposed an alternative hypothesis to explain the

apparent male “awareness” within a short period of an upcoming female parturial

molt in aggregating species. Females of such species are actually hiding their

reproductive condition until the molt to prevent harassment from males. Males

simply may be sensing a female metabolite, indicating her reproductive state that

she can no longer control as the actual molt approaches.

Fig. 14.3 Olfactometer experiments in Heptacarpus paludicola (data from Bauer 1979). In each

replicate, waterborne stimuli were presented to a group of ten males located downstream of the

stimuli. Five observations on the number of active males were made per replicate. (a) Experimen-

tal stimulus ¼ food item, control ¼ rock; (b) experimental stimulus ¼ a newly molted parturial

(receptive) female, control ¼ an intermolt (nonreceptive) female (reproduced from Bauer 2004)
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Penaeoid shrimps characteristically live in aggregations (“schools”) and have

the expected pure search mating system of such species. Observations on mating

behavior in penaeoidean species are limited, but suggest male responses to females

similar to that of carideans with a similar aggregated life style (e.g., Hudinaga 1942;

Bauer 1996). In Litopenaeus vannamei, Yano et al. (1988) cited unpublished

observations, suggesting that males are stimulated to precopulatory chasing of

other individuals (not necessarily females) when “female water” from a reproduc-

tively mature female is introduced into their environment. Thus, in the usually

schooling penaeid species, as in similarly aggregated caridean species, males may

be using water-soluble substances inadvertently released by females, which become

attractive as her physiological state approaches receptivity.

Olfactory sex pheromones might be found in caridean species with mating

systems involving temporary or extended (monogamous) male guarding of females

before the parturial molt. In some carideans, males guard females by remaining

near them (attendance) and defending them from the advances of other males. For

example, Nakashima (1987) worked on the alpheid A. kominatoensis, which lives in
association with sea urchins. In this nonmonogamous alpheid species, a large

combative male guards an isolated parturial female prior to her molt but abandons

her after mating. It would be advantageous for males to detect, find, and monopolize

such females before other males do. Similar to the American lobster Homarus
americanus (Atema and Steinbach 2007) and the shrimp R. typus (Dı́az and Thiel

2004), premolt parturial females of M. rosenbergii (Karplus et al. 2000) and

M. australiense (Lee and Fielder 1982) seek out dominant males. The male

apparently attracts the female by regularly or continuously releasing his water-

Fig. 14.4 Responses of males to parturial and intermolt females in Palaemonetes pugio (Bauer

and Abdalla 2001). The graph shows the number of contacts per 5-min intervals by two males with

a parturial female and a nonparturial (intermolt) female before and after the molt of the parturial

female. Note that males recognized the parturial female (made significantly more contacts) starting

about 25 min prior to the molt (reproduced from Bauer 2004)
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soluble pheromone. The dominant male may then recognize the female (and vice

versa) by an interchange of olfactory and/or contact pheromone cues before allow-

ing her into the mating nest.

14.4 Contact Sex Pheromones

In some caridean species, males are not noticeably stimulated at a distance by

parturial (prespawning) females (e.g., Palaemonetes vulgaris, Burkenroad 1947;

H. sitchensis, H. paludicola, Bauer 1976, 1979; P. pugio, Bauer and Abdalla 2001).
It is only when males touch a newly molted parturial female with the long antennal

flagellum that they react dramatically, seizing the female and copulating with her

(Fig. 14.5). Burkenroad (1947) first proposed in P. vulgaris that a “nondiffusible”
substance on the female exoskeleton was perceived by the male, which stimulated it

to copulate. The duration of attractiveness was several hours, similar to that found

by Caskey and Bauer (2005) for P. pugio (8 h; Fig. 14.6) in uninseminated newly

molted females. As soon as spawning takes place (2–3 h after mating), the female

becomes unattractive to males. The period of attractiveness of postmolt

Fig. 14.5 Mating behavior of the caridean Heptacarpus sitchensis (Bauer 1976), a species with a
pure searching mating system. (a) Male makes contact with female via antennal flagellum (arrow);
(b) male mounts female; (c, d) copulation (male dips abdomen below that of female, which lowers

pleopods to allow spermatophore deposition) (adapted from Bauer 2004)
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uninseminated females may be longer, up to 24 h (Heptacarpus spp., Bauer 1976,
1979; R. typus, Dı́az and Thiel 2004).

Caskey and Bauer (2005) proposed that the “nondiffusible substance” is a

contact sex pheromone perceived by receptors on setae borne by the antennal

flagella and/or pereopods. The sexual condition of the female is thus perceived by

“taste” rather than “smell,” adaptive in the context of an aggregated species with a

pure searching male mating strategy. The substances involved in chemotactile sex

attraction and recognition must have little or no solubility and probably occur in

relatively high concentrations on the exoskeleton compared with olfactory sex

pheromones. Because the male receptors must make actual or very near contact

with the surface bearing such substances, they can be termed “contact pheromones”

(see Wyatt, Chap. 2; Snell, Chap. 23).

Experiments using individuals in different sexual and molting states have elimi-

nated textural cues such as a soft postmolt cuticle or visual cues in sex attraction and

recognition. For example, Bauer (1979:H. sitchensis) and Caskey and Bauer (2005:
P. pugio) performed experiments in which males showed no mating response

toward recently molted (soft) males and only a slight or no response to recently

molted nonparturial females. Copulatory response was elicited only by newly

molted females and only upon antennal or pereopod contact by the male.

In some high density species, visual cues may attract males to a receptive female

once one or more males has contacted such a female and is attempting copulation.

Dı́az and Thiel (2004) used the term “tumult” to describe this situation which they

documented with careful experiments. Once a male contacts a newly molted

female, the jumping around and chasing of the female attracts the attention of

other nearby males, presumably by vision. Similar tumults have also been observed

in L. wurdemanni (pers. obs.). Response to tumults may be common in aggregating

Fig. 14.6 Duration of female attractiveness to males after the female molt in the caridean

Palaemonetes pugio. Females at varying intervals after the parturial molt were presented to

males, and the presence or absence of copulation (“attractiveness”) was recorded (n ¼ 20 repli-

cates per time interval) (reproduced from Caskey and Bauer 2005)
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or schooling shrimps. It also occurs in response to other stimuli, e.g., discovery of

large food items (pers. obs.). The rapidity with which these tumults develop under-

lines the importance for the female to hide its reproductive status in order to

maintain some control of mating interactions and avoid male harassment

(e.g., tumults) which might cause injury or death.

14.5 Chemically Mediated Recognition of Individual,

Sexual, and Social Status

Recognition of particular or unique individuals may also be adaptive, e.g., identifi-

cation of a male or female partner in pair-living species, or perhaps of individuals

frequently or previously encountered in an individual’s environment (winners or

losers of previous agonistic encounters). Many stenopodidean shrimps live in pairs

associated with other invertebrates, and there are numerous species of carideans,

especially in the families Alpheidae, Palaemonidae (Pontoniinae), Hymenoceridae,

and Hippolytidae that live in pairs. In such species, identification of the opposite sex

and specific individuals (pair partners) at a distance might be important. In other

carideans in which mating territories or colony homes are defended (e.g., Macro-
brachium with large-bodied, large-clawed males; eusocial Synalpheus spp.), social
or family group recognition is adaptive. In the eusocial Synalpheus spp. (Duffy

2007), chemical cues may mediate sterility of colony workers as well as communal

colony defense, as in many of the social insects (Wyatt 2003).

Johnson (1969, 1977) used courtship and agonistic behaviors in the pair-living

shrimp Stenopus hispidus to test the hypotheses that individuals could identify

(a) members of the opposite sex (possible pair partners) and (b) a previous pair

partner from among other individuals of the same sex. Members of the opposite sex

could be identified by “touch” (presumably contact chemoreception) as shown by

reduced agonistic interactions and courtship behaviors between previously unpaired

males and females after a short period of physical contact (Johnson 1969). Indivi-

duals of the same sex, however, remained aggressive, often fighting to the death and

showed no courtship behaviors (Johnson 1969). Olfactory cues allowed individuals

to detect the presence of a conspecific but not their sex. In another set of experiments

(Johnson 1977), “mates” (previously paired male and female) showed low levels of

courtship when introduced to each other after a period of separation (Fig. 14.7a).

On the other hand, individuals of the opposite sex that had never met before

(“strangers”) showed more intense courtship behavior (Fig. 14.7b). This demon-

strated that previous mating partners recognized and “remembered” each other.

They did not need to expend as much effort on courtship behaviors with previous

mates as with strangers. Recognition of previous mates was possible after separa-

tions up to 6 days (a complete molt cycle). Contact chemoreception was considered

the primary sensory mode involved in individual recognition.

In the pair-living carideanH. picta, the role of olfactory pheromones in individual

recognition has been shown convincingly by simple behavioral observations and
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experiments by Seibt (1973). Variations in natural color markings allowed observers

to distinguish between individuals of pairs in an aquarium microcosm. Male and

female pair partners remained together for the period of observation. In one experi-

ment, males were separated from their female partners, which were hidden from

visual and physical contact by nets. After separation, males found and remained with

their original partner from among several other similarly hidden females. Y-maze

olfactometer experiments showed that H. picta could identify and choose water

emanating from food vs. no food and from a conspecific vs. some other crustacean.

Using olfactory cues, males could distinguish between males and females; a male

could also identify its original female partner from other females. These tests were

made on intermolt females so that the pre- and postmolt olfactory pheromones of

parturial females mentioned earlier were not involved. Although members of this

species can recognize other conspecifics visually, sex recognition from a distance

can occur in the dark when visual cues are eliminated, and Y-maze tests indicated

that olfaction was the sensory mode involved.

Fig. 14.7 Recognition of

individual mating pair

partners in Stenopus hispidus
after a separation of 2 days

(data from Johnson 1977).

(a) Previous mating partners

(“mates”) exhibited low

levels of courtship behavior

when reintroduced compared

to (b) individuals of the

opposite sex which had never

met (“strangers”)
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Dominance relationships among snapping shrimps (Alpheus heterochaelis) have
been the focus of several studies. These shrimps live in burrows in female–male

pairs. Both male and female defend the burrow and each other with the “snapping

claw” which shoots a powerful jet of water in front of the animal (Bauer 2004).

With same sex, Y-maze experiments and measures of aggressive activity, both

Ward et al. (2004) and Obermeier and Schmitz (2003a) demonstrated that indivi-

duals can recognize dominants (individuals against which the focal individual has

lost a previous agonistic encounter) from other individuals without previous fight-

ing experience. The latter authors also showed that individuals do not distinguish

(behave differently) between familiar and unfamiliar dominants. In experiments

with A. heterochaelis on olfactory cues, Schein (1975) demonstrated with a Y-maze

study that males can distinguish males from intermolt females, but Hughes (1996)

found no such ability. However, Mathews (2003) found with similar techniques that

males do recognize and are attracted to premolt females with olfactory cues. Rah-

man et al. (2001), measuring degree of aggressive behavior, found that both sexes

can distinguish former mates from strangers. Recognition of mating partners,

important in a socially monogamous species, has evolved in A. heterochaelis, as
it has in H. picta, and perhaps will be found to be a common feature of pair-living

species. Certainly, it is important for individuals of either sex to distinguish and

avoid dominant individuals, which have previously defeated them in agonistic

interactions. If individuals can detect and recognize conspecifics, either individu-

ally or by group (male vs. female, partner vs. nonpartner, and dominants vs.

subordinates), a great deal of potentially injurious fighting can be avoided.

14.6 Transmission and Reception of Pheromones

The actual source and composition of olfactory sex pheromones in decapod shrimps

is unknown. One can only speculate by comparison with other decapods

(e.g., Atema and Steinbach 2007) that olfactory sex pheromones are contained in

and emitted in the urine. However, the simple experiment of plugging nephrophores

(antennal gland openings) has not been done in decapod shrimps, probably because

of the small body size of most species. Given that the most striking attraction of

males by female olfactory substances occurs after and not before the female mating

molt in caridean shrimps, there is a good possibility that substances emanating from

other sources (e.g., the newly molted exoskeleton) might also be involved.

Transmission of olfactory sex pheromones and odors involved in individual or

group recognition is likely to be similar to those found in lobsters and crayfishes.

In these decapods, gill and “fan-organ” currents are generated by the excurrent

respiratory stream and its modification by beating of the maxillipedal exopods.

Herberholz and Schmitz (2001) used plastic microparticles and ink to demonstrate

similar currents in the shrimp A. heterochaelis and their role in intraspecific

interactions. A rather slow “normal” anteriorly directed current is generated by

the beating of the scaphognathites (gill bailers), which produces the respiratory
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currents. The anterior current can be directed laterally, either right or left, by the

unilateral beating of the exopods of the second and third maxillipeds. It can also

be accelerated anteriorly (“fast anterior gill current”), perhaps by faster beating of

the scaphognathites. A posteriorly directed pleopod current produced by in-place

beating of the abdominal swimmerets (pleopods) was not shown to be important in

social interactions. The anterior fast current was implicated in carrying chemical

information from one individual to an agonistic opponent and was produced most

frequently by winners of agonistic encounters. The lateral current is a mechanism to

remove an individual’s own odor from in front of the olfactory antennules so that

the individual can perceive the odor of its opponent.

Reception of olfactory cues in shrimps appears similar to that by other decapods,

i.e., with specialized setae (aesthetascs) on the outer antennular (first antenna)

flagella. This has been demonstrated by ablation of these flagella, a somewhat

crude and traumatic technique but effective when coupled with similar trauma in

control treatments, i.e., ablation of the medial (inner) flagella (Obermeier and

Schmitz 2003b) and/or second antennae (Zhang and Lin 2006).

Behavioral observations (Burkenroad 1947; Bauer 1976, 1979; Caskey and

Bauer 2005; Zhang and Lin 2006) indicate that setae on the antennal (second

antenna) flagella, as well as those on the third maxillipeds and anterior pereopods,

are the site of reception of contact pheromones. Aside from aesthetascs, the study of

shrimp antennular (Obermeier and Schmitz 2004) and antennal setae (Bauer and

Caskey 2006) is still in the morphological and ultrastructural stages with more to be

done; the physiology of these setae is poorly known. The latter statement also

applies to possible chemotactile (“taste” or gustatory) setae on the maxillipeds and

pereopods. “Antennulation,” i.e., mutual touching of antennular and antennal

flagella during physical interactions between conspecifics indicates a complex

interplay between olfactory and contact chemical cues.

14.7 Chemical Composition of Pheromones

Olfactory sex pheromones of decapod shrimps have not yet been identified. Water-

soluble compounds involved in sexual or recognition behaviors are most probably

metabolites excreted in the urine or by the gills. Contact pheromones, given their

probable higher concentration and distinct localization on the exoskeletal surface,

offer good possibilities for identification. Long-chained cuticular hydrocarbons

(CH), a rich source of identified contact sex pheromones in insects (Howard and

Bloomquist 2005), have been proposed as possible candidates in decapod shrimps

(Caskey and Bauer 2005; Caskey et al. 2009a). In insects, these compounds evolved

primarily to prevent water loss through the cuticle and have secondarily been used

as contact sex pheromones. Although they are much less abundant in aquatic

crustaceans, these and similar compounds can be extracted by hexane and other

solvents used in gas chromatography/mass spectrometry (GC-MS). Using this

technique in the shrimp P. pugio, Caskey et al. (2009a) found a variety or
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“blend” of CHs that differed significantly among parturial postmolt (PPM, recently

molted, sexually attractive and receptive) females and intermolt females, as well as

from that of postmolt nonparturial females and males. The particular CH mix on the

surface of PPM females potentially could serve as a contact pheromone to stimulate

male mating. A suitable bioassay needs to be devised to test this hypothesis.

Substances on the surface of PPM females in a variety of caridean species lose

their attractiveness within hours to a day of molting, indicated that the substances

are modified or made unavailable to male receptors by the chemical changes that

accompany cuticular hardening after the molt.

Alternatively, other classes of compounds incorporated into the exoskeleton or

secreted onto its surfacemight serve as contact pheromones, e.g., glycoproteins (Kelly

and Snell, 1998; “arthropodin hypothesis” of Dunham, 1988; Snell, Chap. 23). Using

one technique from Kelly and Snell (1998), Caskey et al. (2009b) exposed PPM

females of P. pugio to males in seawater with a 50mM concentration of glucosamine,

a glycan component of N-acetyl glucosamine glycoproteins in crustaceans. Mating in

these pairings was significantly lower than those arranged in aquaria with 50 mM

glucose or natural seawater. In other experiments, significantly greater increases in

Ca2+ activitywere recordedwhen isolatedmale antennaewere touched to carapaces of

anesthetized PPM females or exposed to glucosamine, but not when touched to

carapaces of postmolt nonparturial and intermolt females or postmolt males, or

when exposed to glucose. Other observations indicated that neurons within male

antennal setae were stimulated by glucosamine, as they might be when touching the

exoskeleton of a PPM female with such a surface moiety. The reduction in male

copulatory behavior observed in the glucosamine treatment of mating experiments

might be explained by the binding of glucosamine dissolved in the water to male

antennal receptors. Thus, males with blocked or habituated receptors could

not perceive a glucosamine-containing glycoprotein on the female exoskeleton,

blocking the copulatory response. In sum, this study implicates surface glycoproteins

as contact pheromones in P. pugio. On the other hand, Zhang et al. (2010), using

the lectin-binding method by Kelly and Snell (1998), suggested that surface glyco-

proteins do not mediate male mating response. Thus, the possible role of glycopro-

teins, as well as surface CH, as contact pheromones remains unresolved and open to

further study.

If contact sex pheromones in shrimps are CHs, changes in activity of surface

tegumental glands in the hours after the molt might account for the decrease in

female attractiveness. Similarly, sex-specific cuticular glycoproteins might become

less stimulatory because of changes associated with quinone tanning during post-

molt sclerotization of the exoskeleton. Males of at least some shrimp species lose

interest in PPM females immediately after mating and spermatophore transfer (e.g.,

P. pugio, Bauer and Abdalla 2001; L. wurdemanni, pers. obs.). The rapid decline in
female attractiveness after spermatophore transfer might be due to a number of

factors such as change in emission or form of the contact pheromone, a change in

female behavior, or perhaps even a male-repulsive substance released near or even

deposited on the female by the mating male, e.g., contained within deposited

spermatophores.
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14.8 Future Directions and Applied Aspects

Future work on sex pheromones should be conducted and interpreted within the

context of the species’ mating and social systems. The hypotheses in Table 14.1

about the form of chemical communication in different mating systems are based

on relatively few species. Future observations and experimental studies, both field

and laboratory, on more species in each category are needed to adequately test these

hypotheses. The caridean genus Lysmata would be a good test group. It contains

both species in aggregations (“crowd” species) with pure searching mating system

and apparently monogamous (“paired”) species (Bauer 2000). Behavioral testing

for suspected pheromones should follow as closely as possible the guidelines so

clearly stated by Dunham (1978), i.e., use of negative and positive controls, blind

observation procedures, and precise response definitions. Nephropore blockage

experiments will help to identify whether urine contains possible pheromones.

Precise sampling of urine and water generated from the respiratory stream, both

possible sources of olfactory pheromones, is a necessary prelude to their chemical

description. Isolation and chemical identification of contact sex pheromones, e.g.,

CHs, glycoproteins, or other substances, is just in the beginning phase. The cause of

the very rapid decline in female attractiveness to males after mating also requires

investigation. Identification of the setal and neuronal receptors of both olfactory and

contact pheromones needs to go beyond the relatively crude technique of ablation

experiments and on to more sophisticated physiological techniques.

Chemical communication in shrimps is of applied interest as well. Manipulation

of male and female behavior with olfactory and contact pheromones to trap or

attract a particular set of individuals (e.g., large-sized males or females, reproduc-

tive females) in fisheries or aquaculture might be accomplished with sex phero-

mones, once identified and synthesized (Barki, Jones, and Karplus, Chap. 25).

Matings between preferred genotypes might be promoted using sex pheromones

to increase attractiveness and stimulate matings of selected individuals with desired

traits.

14.9 Summary and Conclusions

Olfactory and contact chemoreception is the principal means of communication

during sexual and social interactions in decapod shrimps. The relative importance

of one or the other type of pheromone appears to vary with the mating and social

system of the species (Table 14.1). In all carideans and in the “closed thelycum”

penaeoids, reproductive females are sexually receptive just after molting. In these

aggregated or schooling species, female contact-sex pheromones, possibly cuticular

CHs or glycoproteins, are perceived by the antennal flagella, stimulating the male to

copulate. In some of these species, a possible olfactory pheromone may be released

from the female during or just after the molt which stimulates nearby males to
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searching behavior. In other aggregated caridean species, males become aware of

the female’s reproductive state for only a short time prior to her molt. In such

species, release of male-stimulating substances appears to be inadvertent and

metabolically unavoidable on the part of the female, which may be hiding its

reproductive status prior to molting to prevent harassment from the many nearby

males. Olfactory pheromones, released by urine or in the anterior respiratory

outflow, together with subsequent contact chemoreception, appear to mediate

individual mate recognition in pair-living species and agonistic interactions in a

number of species. The scant knowledge about the chemistry of decapod shrimp

pheromones can be greatly expanded by the development of techniques for behav-

ioral assays with rigorous protocols, leading to isolation and chemical identification

of putative olfactory and contact pheromones. Sex pheromones, once characterized

chemically, might be used to manipulate mating and social interactions in commer-

cially important shrimp species to increase catch in fisheries, as well as to increase

productivity and genetic quality in aquaculture species.

Acknowledgments The author wishes to acknowledge support on shrimp pheromone research

from NOAA Louisiana Sea Grant R/SA-03. This is contribution no. 123 of the University of

Louisiana at Lafayette Laboratory for Crustacean Research. My sincere thanks to Thomas

Breithaupt and Martin Thiel for their careful editorial work and for the invitation to write this

chapter on such an intriguing topic. I am grateful to outside reviewers for their helpful comments

and suggestions.

References

Atema J, Steinbach MA (2007) Chemical communication and social behavior of the lobster

Homarus americanus and other decapod crustacea. In: Duffy JE, Thiel M (eds) Evolutionary

ecology of social and sexual systems. Oxford University Press, New York, pp 115–144

Bauer RT (1976) Mating behaviour and spermatophore transfer in the shrimp Heptacarpus pictus
(Stimpson) (Decapoda: Caridea: Hippolytidae). J Nat Hist 10:315–440

Bauer RT (1979) Sex attraction and recognition in the caridean shrimp Heptacarpus paludicola
Holmes (Decapoda: Hippolytidae). Mar Behav Physiol 6:157–174

Bauer RT (1991) Sperm transfer and storage structures in penaeoid shrimps: a functional and

phylogenetic perspective. In: Bauer RT, Martin JW (eds) Crustacean sexual biology. Columbia

University Press, New York, pp 183–207

Bauer RT (1996) A test of hypotheses on male mating systems and female molting in decapod

shrimp, using Sicyonia dorsalis (Decapoda: Penaeoidea). J Crust Res 16:429–436
Bauer RT (2000) Simultaneous hermaphroditism in caridean shrimps: a unique and puzzling

sexual system in the Decapoda. J Crust Biol 20(spec no 2):116–128

Bauer RT (2002) Tests of hypotheses on the adaptive value of an extended male phase in the

hermaphroditic shrimp Lysmata wurdemanni (Caridea: Hippolytidae). Biol Bull 203:347–357
Bauer RT (2004) Remarkable shrimps: adaptations and natural history of the Carideans. Univer-

sity of Oklahoma Press, Norman

Bauer RT, Abdalla JA (2001) Male mating tactics in the shrimp Palaemonetes pugio (Decapoda,

Caridea): precopulatory mate guarding vs. pure searching. Ethology 107:185–199

294 R.T. Bauer



Bauer RT, Caskey JL (2006) Flagellar setae of the second antennae in decapod shrimps: sexual

dimorphism and possible role in detection of contact sex pheromones. Invert Reprod Dev

49:51–60

Breithaupt T, Eger P (2002) Urine makes the difference: chemical communication in fighting

crayfish made visible. J Exp Biol 205:1221–1231

Burkenroad MD (1947) Reproductive activities of decapod Crustacea. Am Nat 81:392–398

Caskey JL, Bauer RT (2005) Behavioral tests for a possible contact sex pheromone in the caridean

shrimp Palaemonetes pugio. J Crust Biol 25:571–576
Caskey JL, Hasenstein KH, Bauer RT (2009a) Studies on contact pheromones of the caridean

shrimp Palaemonetes pugio: I. Cuticular hydrocarbons associated with mate recognition.

Invert Reprod Dev 53:93–103

Caskey JL, Watson GM, Bauer RT (2009b) Studies on contact pheromones of the caridean shrimp

Palaemonetes pugio: II. The role of glucosamine in mate recognition. Invert Reprod Dev

53:105–116

Correa C, Thiel M (2003) Mating systems in caridean shrimp (Decapoda: Caridea) and their

evolutionary consequences for sexual dimorphism and reproductive biology. Rev Chil Hist Nat

76:187–203

Dı́az ER, Thiel M (2004) Chemical and visual communication during mate searching in rock

shrimp. Biol Bull 206:134–143

Duffy JE (2007) Ecology and evolution of eusociality in sponge-dwelling shrimp. In: Duffy JE,

Thiel M (eds) Evolutionary ecology of social and sexual systems. Oxford University Press,

New York, pp 387–409

Dunham PJ (1978) Sex pheromones in Crustacea. Biol Rev 53:555–583

Dunham PJ (1988) Pheromones and behavior in Crustacea. In: Laufer H, Downer RGH (eds)

Endocrinology of selected invertebrate types. Alan R. Liss, New York, pp 375–392

Fransen HJM, De Grave S (2009) Evolution and radiation of shrimp-like decapods: An overview.

In: Martin JW, Crandall KA, Felder DL (eds) Decapod crustacean phylogenetics. CRC, Boca

Raton, pp 245–259

Grafen A, Ridley M (1983) A model of mate guarding. J Theor Biol 102:549–567

Herberholz J, Schmitz B (2001) Signaling viawater currents in behavioral interactions of snapping
shrimp (Alpheus heterochaelis). Biol Bull 201:6–16

Howard RW, Bloomquist GJ (2005) Ecological, behavioral, and biochemical aspects of insect

hydrocarbons. Annu Rev Entomol 50:371–393

Hudinaga M (1942) Reproduction, development, and rearing of Penaeus japonicus. Jpn J Zool

10:305–393

Hughes M (1996) The function of concurrent signals: visual and chemical communication in

snapping shrimp. Anim Behav 52:247–257

Johnson VR (1969) Behavior associated with pair formation in banded shrimp Stenopus hispidus
(Olivier). Pac Sci 23:40–50

Johnson VR Jr (1977) Individual recognition in the banded shrimp Stenopus hispidus (Olivier).
Anim Behav 25:418–428

Kamiguchi Y (1972) Mating behavior in the freshwater prawn. Palaemon paucidens. A study of

the sex pheromone and its effect on males. J Fac Sci Hokkaido Univ Ser VI Zool 18:347–355

Karplus I, Malecha SR, Sagi A (2000) The biology and management of size variation. In: New

MB, Valenti WC (eds) Freshwater prawn culture: the farming of Macrobrachium rosenbergii.
Blackwell Science, Malden, pp 259–289

Kelly LS, Snell TW (1998) Role of surface glycoproteins in mate-guarding of the marine

harpacticoid copepod Tigriopus japonicus. Mar Biol 130:605–612

Lee CL, Fielder DR (1982) Maintenance and reproductive behaviour in the freshwater prawn

Macrobrachium australiense Holthuis (Crustacea: Decapoda: Palaemonidae). Aust J Mar

Freshw Res 33:629–646

Mathews LM (2003) Tests of the mate-guarding hypothesis for social monogamy: male snapping

shrimp prefer to associate with high-value females. Behav Ecol 14:63–67

14 Chemical Communication in Decapod Shrimps 295



Nakashima Y (1987) Reproductive strategies in a partially protandric shrimp, Athanas kominatoensis
(Decapoda: Alpheidae): sex change as the best of a bad situation for subordinates. J Ethol

5:145–159

Obermeier M, Schmitz B (2003a) Recognition of dominance in the big-clawed shrimp (Alpheus
heterochaelis Say 1818). Part I. Individual or group recognition? Mar Fresh Behav Physiol

36:1–16

Obermeier M, Schmitz B (2003b) Recognition of dominance in the big-clawed shrimp (Alpheus
heterochaelis Say 1818). Part II. Analysis of signal modality. Mar Fresh Behav Physiol

36:17–29

Obermeier M, Schmitz B (2004) The modality of the dominance signal in snapping shrimp

(Alpheus heterochaelis) and the corresponding setal types on the antennules. Mar Fresh

Behav Physiol 37:109–126

Rahman N, Dunham DW, Govind CK (2001) Mate recognition and pairing in the big-clawed

shrimp, Alpheus heterochelis. Mar Fresh Physiol 34:213–226

Ridley M (1983) The explanation of organic diversity: the comparative method and adaptations for

mating. Clarendon, Oxford

Schein H (1975) Aspects of the aggressive and sexual behavior of Alpheus heterochaelis Say. Mar

Behav Physiol 3:83–96

Seibt U (1973) Sense of smell and pair bond in Hymeoncera picta Dana. Micronesica 9:231–236

Seibt U, Wickler W (1979) The biological significance of the pair-bond in the shrimp Hymenocera
picta. Z Tierpsychol 50:166–179

Sneddon LU, Huntingford FA, Taylor AC, Clare AS (2003) Female sex pheromone-mediated

effects and competition in the shore crab (Carcinus maenas). J Chem Ecol 29:55–70

Yano I, Kanna RA, Oyama RN, Wyban JA (1988) Mating behaviour in the penaeid shrimp

Penaeus vannamei. Mar Biol 97:171–175

Wickler W, Seibt U (1981) Monogamy in crustacea and man. Z Tierpsychol 57:215–234

Ward J, Saleh N, Dunham DW, Rahman N (2004) Individual discrimination in the big-clawed

snapping shrimp, Alpheus heterochelis. Mar Fresh Behav Physiol 37:35–42

Wyatt TD (2003) Pheromones and animal behavior: communication by smell and taste. Cambridge

University Press, Cambridge

Zhang D, Lin J (2006) Mate recognition in a simultaneous hermaphroditic shrimp, Lysmata
wurdemanni (Caridea: Hippolytidae). Anim Behav 71:1191–1196

Zhang D, Zhu J, Lin J, Hardege JD (2010) Surface glycoproteins are not the contact pheromones in

the Lysmata shrimp. Mar Biol 157:171–176

296 R.T. Bauer


	Chapter 14: Chemical Communication in Decapod Shrimps: The Influence of Mating and Social Systems on the Relative Importance of
	14.1 Introduction
	14.2 Mating Behavior and Mating Systems
	14.3 Female Olfactory Sex Pheromones
	14.4 Contact Sex Pheromones
	14.5 Chemically Mediated Recognition of Individual, Sexual, and Social Status
	14.6 Transmission and Reception of Pheromones
	14.7 Chemical Composition of Pheromones
	14.8 Future Directions and Applied Aspects
	14.9 Summary and Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <>
    /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 <>
    /RUS <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


