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Abstract—Hard clams, Mercenaria mercenaria, are sessile, filter-feeding

organisms that are heavily preyed upon by blue crabs, which find their clam

prey using chemical cues. Clams may evade blue crabs by reducing their

pumping (feeding) behavior when a threat is perceived. The purpose of this

study was to determine the type of signals that clams use to detect consumers.

Clams decreased their pumping time in response to blue crabs and blue crab

effluent, but not to crab shells, indicating that chemical signals and not

mechanical cues mediated the response of clams to distant predators. Because

predator diet can influence prey evaluation of predatory threats, we compared

clam responses to blue crabs fed a steady diet of fish, clams, or that were

starved prior to the experiment. In addition, we used injured clams as a

stimulus because many organisms detect predators by sensing the odor of

injured con- or heterospecifics. Clams reduced feeding in response to injured

conspecifics and to blue crabs that had recently fed. Clams reacted similarly to

fed crabs, regardless of their diet, but did not respond to starved blue crabs.

Because blue crabs are generalist predators and the threat posed by these

consumers is unrelated to the crab’s diet, we should expect clam reactions to

blue crabs to be independent of the crab’s diet. The failure of clams to react to

starved blue crabs likely increases their vulnerability to these consumers, but

clam responses to injured conspecifics may constitute a strategy that allows

animals to detect an imminent threat when signals emanating from blue crabs

are not detectable.
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avoidance, predator–prey interaction, risk evaluation.
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INTRODUCTION

Predators often have profound impacts on prey populations and on the

organization and function of communities in general (Paine, 1966; Carpenter

et al., 1985; Schmitz et al., 1997; Schmitz, 1998; Menge, 2000). The overall

effect of predators on communities is determined by interactions between

individual predators and prey (Lima, 1998, 2002). Therefore, the ability of

predators to forage and the ability of prey to avoid consumers influence the

magnitude of top-down forces in a given system (Menge, 2000; Werner and

Peacor, 2003). Because decisions made by prey under the risk of predation have

important consequences for both prey populations as well as entire communi-

ties, it is important to understand how prey evaluate and respond to predation

risk (Lima and Dill, 1990; Werner and Peacor, 2003).

Although avoiding consumers is of great importance to prey, predator

avoidance is often costly and results in decreased growth or fecundity (e.g.,

Lima and Dill, 1990; Peckarsky, 1996; Katz and Dill, 1998; Leonard et al.,

1999; Nakaoka, 2000). Prey may minimize predator avoidance costs by using

flexible avoidance strategies that balance the frequency or magnitude of

predator avoidance responses with a perceived level of risk (Sih et al., 1985;

Schmitz et al., 1997; Schmitz, 1998; Chivers and Smith, 1998; Katz and Dill,

1998; McIntosh and Peckarsky, 1999). Thus, prey require stimuli that accurately

reveal the level of risk to determine when and how predator avoidance strategies

should be employed.

Prey commonly use chemical signals to evaluate risk (Chivers and Smith,

1998; Katz and Dill, 1998) because chemical cues typically provide prey with

accurate information concerning the location and intentions of predators

(Chivers and Smith, 1998; Katz and Dill, 1998; Brown et al. 2000). This is

particularly true in aquatic environments where visual or mechanical cues are

often unavailable (Zimmer and Butman, 2000; Weissburg et al., 2002).

Additionally, predators can more easily manipulate their posture or behavior

to appear less threatening to prey than change their chemical signature (Katz

and Dill, 1998; Brown et al., 2000).

Chemical cues indicative of danger may emanate from predators, from

injured conspecifics, and sometimes from sympatric species (Petranka et al.,

1987; Mathis and Smith, 1993; Chivers and Smith, 1998; Katz and Dill, 1998).

Prey may use one or combinations of these signals to evaluate risk (Chivers and

Smith, 1998; Katz and Dill, 1998; Bryer et al., 2001; Smith and Belk, 2001) and

respond differently to chemical signals depending on other factors such as time

of day (e.g., Peckarsky, 1996). Signals released from predators provide the most

accurate indication of a predatory threat, and prey may minimize their predator

avoidance costs by exclusively responding to these signals (reviewed by Katz

and Dill, 1998). Although cost effective, an avoidance strategy in which prey
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respond only to predator odors may increase their vulnerability when these

chemicals are difficult to detect or when predators reach prey prior to the

arrival of their chemical signals (e.g., when olfactory predators find prey by

searching upstream). In contrast, chemical cues released by injured conspe-

cifics may provide a stronger but less reliable indication of danger (reviewed

by Katz and Dill, 1998). Yet, prey may overutilize predator avoidance tactics

and incur high costs if they depend on less reliable signals (Lima and Dill, 1990;

Katz and Dill, 1998).

Some prey limit their responses to predators that have eaten conspecifics or

closely related species (e.g., Chivers and Smith, 1998; Katz and Dill, 1998;

Chivers and Mirza, 2001; Mirza and Chivers, 2001; Smith and Belk, 2001;

Brown and Dreier, 2002; Madison et al., 2002), and this predator detection

strategy has been hypothesized to minimize predator avoidance costs. However,

prey that depend on predator diet cues before initiating antipredator measures

may be vulnerable to generalist predators that switch diets frequently (Bryer

et al., 2001; Chivers and Mirza, 2001). Bryer et al. (2001) and Chivers and

Mirza (2001) hypothesized that prey responses that are dependent on predator

diets should only occur in systems where the threat posed by a predator is

directly related to that predator’s most recent foraging activity.

In this study, we examined the effects of a generalist predator’s diet on the

response of a common prey organism using blue crabs Callinectes sapidus and

hard clams Mercenaria mercenaria as model organisms. Blue crabs C. sapidus

are important predators and scavengers in southeastern estuaries (Eggleston et

al., 1992; Micheli, 1997) and are the primary consumer of juvenile hard clams

M. mercenaria in these areas (Micheli, 1995, 1997). Blue crabs are also a threat

to adult clams, as they can nip their siphons and decrease their feeding effi-

ciency, growth, and fecundity (Peterson, 1986; Coen and Heck, 1991; Irlandi,

1994). Clams release attractive chemicals into the water as they feed, and blue

crabs follow these waterborne chemical odor plumes to locate their clam prey

(Weissburg and Zimmer-Faust, 1993; Weissburg et al., 2002). Irlandi and

Peterson (1991) found that clams responded to the presence of predators by

reducing their feeding time and hypothesized that feeding reductions would make

clams less apparent to consumers. Indeed, caging predators near clam beds de-

creases clam mortality (Smee and Weissburg, in press), but clam growth and

reproductive output are diminished by long-term exposure to predators (Nakaoka,

2000). Thus, clam responses to predators are adaptive and costly.

We hypothesized that clams detect approaching blue crab predators by

using chemical signals or hydrodynamic signals or both. We exposed clams to

both chemical and hydrodynamic signals from blue crabs to verify the type of

cue that clams used to detect blue crabs. The results indicate that clams were

responding to chemical cues emanating from blue crabs, and we conducted a

second experiment to determine the nature of these signals. In the second
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experiment, we compared changes in clam behavior when exposed to blue crabs

that had been fed different diets and to injured conspecifics. Our results suggest

that prey respond to a generalist predator regardless of diet, presumably because

the dietary history of such a predator does not predict the risk to its potential

prey. Furthermore, there are limits to prey perceptual abilities that may result in

increased predation risk. For example, prey may be unable to detect starved

predators, although a highly motivated consumer increases the chance that

potential prey may be attacked.

METHODS AND MATERIALS

Animal Capture and Maintenance. Animals were collected from Wassaw

Sound, GA, USA, and associated tributaries. Hard clams M. mercenaria were

hand dug with clam rakes and fingers in the intertidal zone, and blue crabs

C. sapidus were captured with commercially purchased crab pots. After capture,

animals were returned to the Skidaway Institute of Oceanography (SkIO) near

Savannah, GA, and housed in flow-through sea tables supplied by water

pumped from the Skidaway River. Sea table water was filtered through both

gravel and sand filters, and the water temperature and salinity in the sea tables

ranged from 25 to 30-C and from 25 to 30 ppt, respectively. Clams acclimated

in the sea tables for at least 6 hr prior to behavioral assays (see below) and were

used in behavioral assays within 48 hr after removal from the field. Blue crabs

were kept in the sea tables for at least 1 wk prior to use in the behavioral

assays. Crabs were fed with a daily diet of either fish (Menhaden sp.) or clams

(M. mercenaria) or were starved during the 1-wk acclimation period. We

returned each clam or crab to the field after a single use (except for a few clams

that were injured as part of the experiment or used for food; see below).

Experimental Arena. Experiments were conducted in a paddle-driven

racetrack flume at SkIO (4.8-m-long working section � 1 m wide � 0.33-m

water depth). The upstream bend of the flume is divided into five 23-cm

channels to reduce secondary circulation. Flow is further conditioned by

honeycomb baffling (5 cm thick with 7-mm openings) at the downstream

end of this bend and by a polyvinyl chloride (PVC) flow straightener (10 �
4.5-cm openings) placed at the end of the working section to prevent back-

flow. The working section contains a false bottom (0.30-m diam.� 0.15 m deep)

located 2.3 m downstream from the entrance point of the working section and

is in the center of the flume to minimize wall effects. Both the working section

and false bottom of the flume were filled to a uniform depth of 1 cm with

commercially purchased sand (grain size 0.04 T 0.04 cm). The flume was

supplied by the same water source as the sea tables and had similar tempera-

ture and salinity. Flume water passed through both gravel and sand filters as
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well as a 10-mm filter bag. Flow speed was maintained at 3 cm secj1 in all

experiments. This flume produces stable and reproducible boundary layers at

current speeds ranging from 1 to 15 cm secj1. See Ferner and Weissburg (2005)

for a detailed flume description and characterization of the flow environment

boundary.

Behavioral Assays. Experiments utilized changes in clam pumping

(feeding) behavior as assays for the ability of clams to detect predation risk.

Although previous investigators have assumed that clams are actively

pumping only when their siphons are extended (e.g., Irlandi and Peterson,

1991), we performed preliminary experiments to verify this supposition. We

visualized the excurrent from clams by carefully pipetting a 0.1% solution of

fluorescein dye above the excurrent siphon of a clam. Thirty-six clams that had

their siphons extended were tested in this manner, and all were releasing an

excurrent. We tested 15 clams with open shells but withdrawn siphons, and only

three were pumping. Thus, we concluded that siphon extension was indicative

of pumping.

Behavioral trials consisted of challenging clams to detect and respond to

blue crab predators, injured clams, predator-conditioned water, and predator

shells. We judged clam responses to predation risk by determining if clam

feeding (no. of siphon extension observations) was significantly less in response

to these treatments when compared to a control that lacked predators or injured

conspecifics. In each assay, we placed five clams in the false bottom of the

flume and allowed them to acclimate for 30 min. Clam density in these

experiments was five clams per 0.07 m2 and mimics densities observed in

natural habitats (Walker, 1987; Smee and Weissburg, unpublished data). We

introduced predators, crushed conspecifics, or predator-conditioned water at the

conclusion of the 30-min acclimation period by placing a tethered crab, injured

clam, or the nozzle (see below) from our delivery system 0.5 m upstream from

the clam bed. We recorded the siphon position of each clam (extended or not)

prior to introduction of the predator treatments and at 5-min intervals after

introduction for 30 min. Thus, each clam could have been observed feeding

(pumping) a maximum of seven times, and we used the total number of

observations in which clams were pumping as our measure of clam pumping

time. That is, the response of each clam in a trial was measured by a single

number between 0 and 7, which indicated how many times we observed an

individual clam pumping.

The order of treatments and controls in these experiments was randomly

assigned each day, and each treatment and the control were replicated at least

five times (5 trials � 5 clams per trial = 25 clams for each treatment and

control). Each clam and predator was used only once. Clams that neither

pumped nor burrowed were excluded from the analysis, and we excluded

approximately 25% of the clams from the experiment by using this criterion.
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Including inactive clams in our analysis would have enhanced our results, but

we excluded them because we could not clearly determine the causes of clam

inactivity.

Characterization of Predator Cues. Preliminary observations suggested

that clams pumped significantly less when tethered blue crabs were placed up-

stream. We hypothesized that potential predators created hydrodynamic signals,

chemical signals, or both that mediated the response of clam prey. Therefore,

we conducted two experiments to determine the cue that clams use to detect

predators. We tested responses of clams to hydrodynamic cues by placing an

empty predator shell 0.1 m upstream from the clams and comparing clam

pumping between this treatment and the control. Qualitative flow visualization

with dye indicated that the turbulence created by the predator shells dissipated

within the first 0.25 m downstream, although we could not exclude the pos-

sibility that a more exacting analysis of flow would reveal that perturbations

induced by the shell extended farther downstream. Thus, we placed the predator

shell 0.1 m upstream from the clam bed to ensure that the clams were in its

turbulent wake.

To determine if clams were detecting chemical signals from predators,

we designed a chemical delivery system to transport blue crab effluent to the

experimental clams. The delivery system pumped water out of the flume and

into a container (0.31 � 0.24 � 0.36 m) that was left empty (control) or that

housed a blue crab that had recently eaten clams. The water from the con-

tainer was released into the flume 0.5 m upstream from the clam bed via a

0.076-m diam PVC pipe oriented parallel to the flow. Water moved through

the delivery system at a velocity of 3 cm secj1, which matched the free stream

flow velocity in the flume. The large diameter pipe was selected because it was

of similar size to a blue crab, which allowed us to simulate water passing over

the crab at a rate similar to that occurring in experiments with clams exposed to

a live predator.

We realize that the flow diversion method may only crudely approximate

the flux of chemicals experienced by a prey organism directly upstream of a

crab predator. Although our approach replicates the rate of water movement

over the animal, mixing in the delivery system and introduction through a

pipe will probably change the chemical signal dynamics relative to that pro-

duced by water flowing over an individual crab. However, the flow diversion

method we employed is a more realistic alternative than prey soaks or body

washes because the volumetric rate at which water passes over the crabs in

the diversion system is roughly equal to that passing over a crab in the flume.

In contrast, soaks or body washes concentrate predator metabolites using

arbitrarily determined volumes and time periods, and so produce unknown

metabolite concentrations that will not be experienced by naturally foraging

animals.
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Effects of Predator Diet and Response of Clams to Injured Conspecifics. In

this experiment, we measured the responses of clams when presented with odors

from injured conspecifics as well as crabs that were fed with different diets prior

to behavioral assays. The injured clam treatment was prepared by striking a clam

with the blunt edge of a kitchen knife, removing the top valve, and making

multiple lacerations on the visceral mass. This treatment mimicked crab feeding

and insured that clam metabolites were released into the water. To measure the

impact of crab diet on clam responses, collected blue crabs were fed with a daily

diet of fish or clams for 1 wk or were starved for 1 wk prior to the experiment. We

allowed clams to acclimate in the flume using the same methodology previously

described, then placed a tethered blue crab or injured clam 0.5 m upstream from

the clam bed, and monitored clam feeding.

Data Analysis. We initially examined the percentage of times that adjacent

clams were feeding simultaneously to determine if interactions occurred

between clams. Clams in control trials pumped during 87% of our observations.

Thus, the proportion of time that two adjacent clams should be pumping

simultaneously is 0.872 (0.76), assuming that adjacent animals do not influence

each other. Adjacent clams (N = 25 pairs) in control trials pumped simul-

taneously in 70% of our assays, a value not significantly different from the

random expectation (Sokal and Rohlf, 1995).

Since clams were not influencing each other, observations of pumping

behavior of individual clams (number of siphon extensions observed for each

clam) were arcsine transformed to meet analysis of variance (ANOVA)

assumptions and were then compared using a nested ANOVA that examined

the effects of predator treatment and trial nested within treatment (Sokal and

Rohlf, 1995). The use of a nested ANOVA allowed us to determine if variations

in clam responses were affected by variability in cue quality or quantity across

replicate treatments, which is a source of uncontrolled variation in the

experiments. The P value for the nest effect was greater than 0.20 in all

experiments, indicating that clams in different groups were reacting similarly to

the same treatments. The lack of a significant nest effect permitted us to lump

trials within treatments and test the significance of the main effect by using the

pooled error variance (Sokal and Rohlf, 1995). The absence of a nest effect

suggests that cues from predators and injured conspecifics were roughly similar

between replicate trials.

Experiments using tethered predators, predator effluents, and predator

shells were conducted at different times over a period of several months.

Therefore, each experiment was analyzed separately because it would be

inappropriate to compare treatments to one another under these conditions.

Separate control experiments were performed for each experiment to account

for any variation in animal or general experimental conditions. Trials that used

different predator diets or injured conspecifics were intermingled and, on a daily
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basis, were presented in random order to test clams. After completing the nested

ANOVA, a Tukey–Kramer post hoc analysis was employed to test for pairwise

differences between treatments (Sokal and Rohlf, 1995).

RESULTS

Characterization of Predator Cues. Data from experiments using the

predator shells indicated that there were no significant differences in clam

pumping between the predator shell treatments and the controls (F1,83 = 2.56,

P > 0.11, Figure 1A). Although not significant, we observed a higher clam-

pumping rate in trials with predator shells. Thus, turbulence generated by the

predator shell did not alter clam pumping, which suggested that clams were not

using a hydrodynamic cue to detect predators.

In contrast to the results obtained with empty predator shells, clam

pumping was significantly reduced ($40%) when clams were exposed to water

released from the delivery system that had passed over a blue crab as compared

to water passing through the empty system without blue crabs present (F1,35 =

8.69, P < 0.01, Figure 1B). Additionally, clam feeding was affected similarly by

predator-conditioned water and (nonstarved) predators placed directly in the

flume (see below). The failure of clams to cease pumping in response to

hydrodynamic signals, combined with the positive response to predator-con-

ditioned water delivered under environmentally realistic conditions, suggested

that clam responses to predators were chemically mediated.

Effects of Predator Diet and Response of Clams to Injured Conspecifics.

The data revealed that clam feeding decreased by 40% when exposed to blue

crabs that had recently been fed and by 65% in the presence of injured con-

specifics as compared to controls that lacked predators or injured clams

(F4,84 = 10.28, P < 0.001, Figure 1C). Starved blue crabs caused a slight (15%)

but insignificant reduction in clam feeding. Additionally, post hoc analysis re-

vealed that clams pumped significantly more in the presence of starved blue

crabs than those that were recently fed, and clam responses to crab predators

FIG. 1. Mean number of pumping observations per clam (TSE). Letters denote means that

are significantly different based on a Tukey–Kramer post hoc test. Each clam could have

been observed pumping a maximum of seven times during the 30-min observation

period. (A) Control vs. predator shell placed 0.1 m upstream, N = 42 and 43 clams,

respectively. (B) Control vs. blue crab effluent released from our delivery system, N = 16

and 21 clams, respectively. (C) Clam pumping in the presence of crabs fed with different

diets and injured conspecifics. Sample sizes for each treatment are 24, 16, 15, 19, and 15

for the control, crab fed with fish, crab fed with clams, starved crab, and injured clam

treatments, respectively. Differences in sample size result from exclusion of inactive

clams from analyses.
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were similar regardless of their diet. Although not significantly different from

responses to fed crabs, clams reduced their feeding time almost 40% more after

detecting an injured conspecific than a crab that had recently eaten (Figure 1C).

Thus, clam feeding was affected more by the presence of injured clams than by

the odors of fed predators, although both caused significant reductions in clam

feeding as compared to controls and starved crab treatments.

DISCUSSION

Our results indicate that clams use chemical signals to detect upstream blue

crabs and respond to these predators by reducing their feeding (pumping)

behavior. Other bivalves (e.g., mussels) also use chemical cues to detect predators

and respond by changing their morphology (e.g., Leonard et al., 1999) or

behavior (e.g., Cote’ and Jelnikar, 1999). Previous studies have shown that blue

crabs depend on chemical cues to locate clam prey (Weissburg and Zimmer-Faust,

1993; Finelli et al., 2000; Weissburg et al., 2002). The modulation of the blue

crab–clam predatory interaction by chemicals is perhaps unsurprising given that

the water in our study area is extremely turbid, and chemical cues are likely the

only signals that can be detected from a distance in this habitat. Both blue crabs

and their prey use the same sensory modality to detect each other, so the

conditions that affect the transmission of chemical signals will affect the

sensory abilities of both organisms. Thus, the outcome of interactions between

these organisms may differ considerably between areas that enhance chemical

signaling as compared to those that impede it.

In nature, clam feeding rates may be influenced by other factors (e.g., food

availability, temperature) that were not considered in the present study.

Reactions to predators may change in the field depending on a variety of

factors besides the perceived level of risk. Still, long-term exposure to predators

has been shown to significantly decrease clam growth in the field (Nakaoka,

2000). In a related field study, Smee and Weissburg (in press) found that clam

survival was significantly higher in clam plots with predators caged nearby as

compared to control plots with empty cages. These studies indicate that clam

reactions to predators, while costly, reduce mortality and suggest that clams

react to predators across a range of natural conditions. Therefore, the clam re-

actions to predators and injured conspecifics observed in the present study

should be indicative of the cues used by clams to avoid predation in the field.

Clams only responded to cues released by blue crabs if the crabs had recently

been fed and not if they had been starved for 1 wk. Clams responded similarly to

fed crabs regardless of whether the crab’s diet consisted of fish or clams prior to

behavioral assays. In addition, clams altered their feeding behavior in the pres-
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ence of injured conspecifics, suggesting that they also use these signals to detect

predatory threats.

The ability of clams to react to injured conspecifics may compensate for

their inability to detect hungry blue crabs. Prey organisms may benefit from

living in close proximity to conspecifics or related species, as neighbors can

provide for shared vigilance against consumers or early warnings of danger

(Hamilton, 1971; Powell, 1974; Sullivan, 1984; Fitzgibbon, 1990; Aukema and

Raffa, 2004). The benefit provided by neighbors is particularly strong in

organisms that respond to the odors of injured conspecifics or heterospecifics, as

consumption of neighbors reveals a predatory threat (e.g., Mathis and Smith,

1993). Hard clams are commonly found in dense beds and can reach densities in

excess of 50 clams mj2 in our study area (Walker, 1987; Smee and Weissburg,

unpublished data). Clams living in dense beds may be better able to avoid

unapparent predators, as neighbors that are eaten may warn of imminent peril.

Responses of prey that are dependent on predator diets have been found in

many predator–prey systems (Crowl and Covich, 1990; Chivers et al., 1996;

Stabell and Lwin, 1997; Chivers and Mirza, 2001; Smith and Belk, 2001) but

are notably absent from others (Petranka and Hays, 1998; Bryer et al., 2001).

The existence of diet-dependent responses may be contingent on whether the

recent dietary history of the predator is correlated with risk to prey. For

instance, seasonally hunting predators may pose a risk for prey only at certain

times, so that predator diet may predict the potential threat level to that prey

species (Chivers and Mirza, 2001). Alternatively, Bryer et al. (2001) suggest

that diet-dependent responses to predators may not be beneficial when prey are

hunted by generalist predators, such that the risk level posed by the predator is

unrelated to its foraging habits. Bryer et al. (2001) observed that slimy sculpin

responses to brook trout predators were unaffected by the trout’s diet. They

reasoned that the threat posed by brook trout to sculpins is unrelated to the

trout’s foraging habits, and thus, it would not be advantageous for the sculpin to

base risk evaluation on predator diet cues.

The response of clams to blue crabs in our experiment was not dependent on

the crab’s diet. Because blue crabs are generalist consumers and eat almost

anything alive or dead (Virnstein, 1977; Eggleston et al., 1992; Micheli, 1995,

1997), the threat of predation by crabs is unrelated to the crab’s recent foraging

activity. As in the previous example with slimy sculpins, knowledge of a blue

crab’s diet provides no valuable information for their prey, suggesting that it is not

advantageous for clams to rely on diet cues as their sole means of evaluating risk.

Cost-benefit analyses are often used to explain the variability in responses

to predators across predator–prey systems. However, cost-benefit explanations

currently are focused on response specificity as opposed to response sensitivity

and may be inadequate when prey fail to detect actual predatory threats because

predators have not recently fed (Howe and Harris, 1978). If predators stop
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releasing chemical signals or release chemicals that are difficult to detect, then

organisms may not adequately perceive the true risk level. Starved predators

often show enhanced search responses relative to those that are well fed, as

revealed by increases in the duration and frequency of search bouts in response

to a given stimulus level or decreases in the threshold stimulus levels that are

required to initiate or maintain search (Mackie and Shelton, 1972; Zimmer-

Faust and Case, 1982). Therefore, the threat posed by a starved crab is equal to,

or possibly greater than, that posed by a crab that has recently foraged. Thus, it

would be prudent for clams to respond to starved crabs, and their failure to do so

suggests that starvation renders blue crabs less detectable to clam prey. Prey

may be more likely to depend on the odors of injured con- or heterospecifics to

detect consumers when predators are commonly undetectable, although this

hypothesis has not been empirically tested.

We have yet to develop risk-based models for the sensitivity of potential

prey to cues derived from their consumers, and research that attempts to quantify

the stimulus levels necessary to elicit prey reactions is lacking. Prey with low

sensitivity thresholds may experience large costs (e.g., reductions in the

opportunity to feed), particularly if prey use general metabolites to detect their

predators, as these substances may come from a variety of sources. In contrast,

prey with higher sensitivity thresholds may decrease predator avoidance costs but

may also be more vulnerable to their enemies. Recent technological advances in

our ability to characterize and identify chemical signals (e.g., Millar and Haynes,

1998), as well as our ability to examine chemical signal transport in aquatic

systems (e.g., Webster and Weissburg, 2001; Weissburg et al., 2002), may allow

us to investigate threshold sensitivity and its relationship to predation risk in a

more thorough manner than has been previously attempted.

Acknowledgments—The authors thank S. Smee, L. Smee, and J. Jackson for help in collecting

animals in the field and M. Ferner for maintaining the SkIO flume. Funding for this project came from

the NSF IGERT grant to the Georgia Institute of Technology and NSF grant OCE #0424673 to MJW.

REFERENCES

AUKEMA, B. H. and RAFFA, K. F. 2004. Does aggregation benefit bark beetles by diluting predation?

Links between a group-colonization strategy and the absence of emergent multiple predator

effects Ecol. Entomol. 29:129–138.

BROWN, G. E. and DREIER, V. M. 2002. Predator inspection and attack cone avoidance in the

characin fish: the effects of predator diet and prey experience. Anim. Behav. 63:1175–1181.

BROWN, G. E., PAIGE, J. A., and GODIN, J. G. J. 2000. Chemically mediated predator inspection

behavior in the absence of predation visual cues by a characin fish. Anim. Behav. 60:315–321.

BRYER, P. J., MIRZA, R. S., and CHIVERS, D. P. 2001. Chemosensory assessment of predation risk by

slimy sculpins, Cottus cognathus: Responses to alarm, disturbance, and predator cues. J. Chem.

Ecol. 27:533–546.

616 SMEE AND WEISSBURG



CARPENTER, S. R., KITCHELL, J. F., and HODGSON, J. R. 1985. Cascading tropic interactions and

lake productivity. BioScience 35:634–639.

CHIVERS, D. P. and MIRZA, R. S. 2001. Importance of predator diet cues in responses of larval wood

frogs to fish and invertebrate predators. J. Chem. Ecol. 27:45–51.

CHIVERS, D. P. and SMITH, R. J. F. 1998. Chemical alarm signaling in aquatic predator–prey

interactions: a review and prospectus. Ecoscience 5:338–352.

CHIVERS, D. P., WISENDEN, B. D., and SMITH, R. J. F. 1996. Damselfly larvae learn to recognize

predators from chemical cues in the predator’s diet. Anim. Behav. 52:315–320.

COEN, L. D. and HECK, K. L. JR: 1991. The interactive effects of siphon-nipping and habitat on

bivalve (Mercenaria mercenaria (L.)) growth in a subtropical seagrass (Halodule wrightii

Aschers) meadow. J. Exp. Mar. Biol. Ecol. 145:1–13.

COTE’, I. M. and JELNIKAR, E. 1999. Predator-induced clumping behavior in mussels (Mytilus edulis

Linnaeus). J. Exp. Mar. Biol. Ecol. 235:201–211.

CROWL, T. A. and COVICH, A. P. 1990. Predator-induced life history shifts in a freshwater snail.

Science 247:949–951.

EGGLESTON, D. B., LIPCIUS, R. N., and HINES, A. H. 1992. Density-dependent predation by blue

crabs upon infaunal clam species with contrasting distribution and abundance patters. Mar.

Ecol., Prog. Ser. 85:55–68.

FERNER, M. C. and WEISSBURG, M. J. 2005. Slow-moving predatory gastropods track prey odors in

fast and turbulent flow. J. Exp. Biol. 208:809–819.

FINELLI, C. M., PENTCHEFF, N. D., ZIMMER, R. K., and WETHEY, D. S. 2000. Physical constraints on

ecological process: a field test of odor-mediated foraging. Ecology 81:784–797.

FITZGIBBON, C. D. 1990. Mixed species grouping in Thompson’s and Grant’s gazelles: the

antipredator benefits. Anim. Behav. 39:1116–1126.

HAMILTON, W. D. 1971. Geometry for the selfish herd. J. Theor. Biol. 31:295–311.

HOWE, N. R. and HARRIS, L. G. 1978. Transfer of the sea anemone pheromone, anthopluerine, by

the nudibranch Aeolidia papillosa. J. Chem. Ecol. 4:551–561.

IRLANDI, E. A. 1994. Large and small-scale effects of habitat structure on rates of predation: how

percent coverage of seagrass affects rates of predation and siphon-nipping on an infaunal

bivalve. Oecologia 98:176–183.

IRLANDI, E. A. and PETERSON, C. H. 1991. Modification of animal habitat by large plants:

mechanisms by which seagrasses influence clam growth. Oecologia 87:307–318.

KATZ, L. B. and DILL, L. M. 1998. The scent of death: chemosensory assessment of predation risk

by animals. Ecoscience 5:361–394.

LEONARD, G. H., BERTNESS, M. D., and YUND, P. O. 1999. Crab predation, waterborne cues, and

inducible defenses in blue mussels Mytilus edulis. Ecology 80:1–14.

LIMA, S. L. 1998. Nonlethal effects in the ecology of predator–prey interactions. BioScience

48:25–34.

LIMA, S. L. 2002. Putting predators back into behavioral predator–prey interactions. Trends Ecol.

Evol. 17:70–75.

LIMA, S. L. and DILL, L. M. 1990. Behavioral decisions made under the risk of predation: a review

and prospectus. Can. J. Zool. 68:619–640.

MACKIE, A. M. and SHELTON, R. G. J. 1972. A whole animal bioassay for the determination of food

attractants of the lobster Homarus gammaus. Mar. Biol. 14:217–224.

MADISON, D. M., SULLIVAN, A. M., MAERZ, J. C., MCDARBY, J. H., and ROHR, J. R. 2002. A

complex, cross-taxon, chemical releaser of antipredator behavior in amphibians. J. Chem. Ecol.

28:2271–2282.

MATHIS, A. and SMITH, R. J. F. 1993. Intraspecific and cross super-order responses to chemical

alarm signals by brook stickleback. Ecology 74:2395–2404.

617HARD CLAMS (Mercenaria mercenaria) EVALUATE PREDATION RISK



MENGE, B. A. 2000. Top-down and bottom-up community regulation in marine rocky intertidal

habitats. J. Exp. Mar. Biol. Ecol. 250:257–289.

MCINTOSH, A. R. and PECKARSKY, B. L. 1999. Criteria determining behavioural responses to

multiple predators by a stream mayfly. Oikos 85:554–564.

MICHELI, F. 1995. Behavioural plasticity in prey-size selectivity of the blue crab Callinectes sapidus

feeding on bivalve prey. J. Anim. Ecol. 64:63–74.

MICHELI, F. 1997. Effects of predator foraging behavior on patterns of prey mortality in marine soft

bottoms. Ecol. Monogr. 67:203–224.

MILLAR, J. G. and HAYNES, K. F. (eds.). 1998. Methods in Chemical Ecology, Volume 1: Chemical

Methods. Kluwer Academic Publishers, Norwell, MA. 390 p.

MIRZA, R. A. and CHIVERS, D. P. 2001. Do juvenile yellow perch use diet cues to assess the level of

threat posed by intraspecific predators? Behaviour 138:1249–1258.

NAKAOKA, M. 2000. Nonlethal effects of predators on prey populations: predator-mediated change

in bivalve growth. Ecology 81:1031–1045.

PAINE, R. T. 1966. Food web complexity and species diversity. Am. Nat. 103:65–75.

PECKARSKY, B. L. 1996. Alternative predator avoidance syndromes of stream-dwelling mayfly

larvae. Ecology 77:1888–1905.

PETERSON, C. H. 1986. Quantitative allometry of gamete production by Mercenaria mercenaria into

old age. Mar Ecol., Prog. Ser. 29:93–97.

PETRANKA, J. W. and HAYS, L. 1998. Chemically-mediated avoidance of a predatory odonate (Anax

junius) by American toad (Bufo americanus) and wood frog (Rana sylvatica) tadpoles. Behav.

Ecol. Sociobiol. 42:23–271.

PETRANKA, J. W., KATZ, L. B., and SIH, A. 1987. Predator–prey interactions among fish and larval

amphibians: use of chemical cues to detect predatory fish. Anim. Behav. 35:420–425.

POWELL, G. V. N. 1974. Experimental analysis of the social value of flocking by starlings (Sturnus

vulgaris) in relation to predation and foraging. Anim. Behav. 22:501–505.

SCHMITZ, O. J. 1998. Direct and indirect effects of predation and predation risk in old-field

interaction webs. Am. Nat. 151:327–342.

SCHMITZ, O. J., BECKERMAN, A. P., and O’BRIEN, K. M. 1997. Behaviorally-mediated trophic

cascades: Effects of predation risk on food web interactions. Ecology 78:1388–1399.

SIH, A., CROWLEY, P., MCPEEK, M., PETRANKA, J., and STROTHMEIER, K. 1985. Predation,

competition, and prey communities: a review of field experiments. Ann. Rev. Ecolog. Syst.

16:269–312.

SMEE, D. L. and WEISSBURG, M. J. In press. Clamming up: environmental forces diminish the

perceptive ability of bivalve prey. Ecology.

SMITH, M. E. and BELK, M. C. 2001. Risk assessment in western mosquitofish (Gambusia affinis):

do multiple cues have additive effects? Behav. Ecol. Sociobiol. 51:101–107.

SOKAL, R. R. and ROHLF, F. J. 1995. Biometry: The Principles and Practice of Statistics in

Biological Research, 3rd edition. W. H. Freeman and Co., New York.

STABELL, O. B. and LWIN, M. S. 1997. Predator-induced phenotypic changes in crucian carp are

caused by chemical signals from conspecifics. Environ. Biol. Fisches 49:145–149.

SULLIVAN, K. A. 1984. The advantages of social foraging in downy woodpeckers. Anim. Behav.

32:16–22.

VIRNSTEIN, R. W. 1977. The importance of predation by crabs and fishes on benthic infauna in

Chesapeake Bay. Ecology 58:1199–1217.

WALKER, R. L. 1987. Hard clam, Mercenaria mercenaria (L.) populations of coastal Georgia.

Georgia Marine Science Center, Technical Report Series 87-1, Athens.

WEBSTER, D. R. and WEISSBURG, M. J. 2001. Chemosensory guidance cues in a turbulent odor

plume. Limnol. Oceanogr. 46:1034–1047.

618 SMEE AND WEISSBURG



WEISSBURG, M. J. and ZIMMER-FAUST, R. K. 1993. Life and death in moving fluids: hydrodynamic

effects on chemosensory mediated predation. Ecology 74:1428–1443.

WEISSBURG, M. J., FERNER, M. C., PISUT, D. P., and SMEE, D. L. 2002. Ecological consequences of

chemically mediated prey perception. J. Chem. Ecol. 28:1953–1970.

WERNER, E. E. and PEACOR, S. D. 2003. A review of trait-mediated indirect interactions in

ecological communities. Ecology 84:1083–1100.

ZIMMER, R. K. and BUTMAN, C. A. 2000. Chemical signaling processes in the marine environment.

Biol. Bull. 198:168–187.

ZIMMER-FAUST, R. K. and CASE, J. F. 1982. Organization of food search in the kelp crab, Pugettia

producta (Randall). J. Exp. Mar. Biol. Ecol. 57:237–255.

619HARD CLAMS (Mercenaria mercenaria) EVALUATE PREDATION RISK


	Hard Clams (Mercenaria Mercenaria) Evaluate �Predation Risk Using Chemical Signals �from Predators and Injured Conspecifics
	Abstract
	Introduction
	Methods and Materials
	Results
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AardvarkPSMT
    /AceBinghamSH
    /AddisonLibbySH
    /AGaramond-Italic
    /AGaramond-Regular
    /AkbarPlain
    /Albertus-Bold
    /AlbertusExtraBold-Regular
    /AlbertusMedium-Italic
    /AlbertusMedium-Regular
    /AlfonsoWhiteheadSH
    /Algerian
    /AllegroBT-Regular
    /AmarilloUSAF
    /AmazoneBT-Regular
    /AmeliaBT-Regular
    /AmerigoBT-BoldA
    /AmerTypewriterITCbyBT-Medium
    /AndaleMono
    /AndyMacarthurSH
    /Animals
    /AnneBoleynSH
    /Annifont
    /AntiqueOlive-Bold
    /AntiqueOliveCompact-Regular
    /AntiqueOlive-Italic
    /AntiqueOlive-Regular
    /AntonioMountbattenSH
    /ArabiaPSMT
    /AradLevelVI
    /ArchitecturePlain
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMTBlack-Regular
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeLight
    /ArialUnicodeLight-Bold
    /ArialUnicodeLight-BoldItalic
    /ArialUnicodeLight-Italic
    /ArrowsAPlentySH
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /Asiana
    /AssadSadatSH
    /AvalonPSMT
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /AvantGardeITCbyBT-Demi
    /AvantGardeITCbyBT-DemiOblique
    /AvantGardeITCbyBT-Medium
    /AvantGardeITCbyBT-MediumOblique
    /BankGothicBT-Light
    /BankGothicBT-Medium
    /Baskerville-Bold
    /Baskerville-Normal
    /Baskerville-Normal-Italic
    /BaskOldFace
    /Bauhaus93
    /Bavand
    /BazookaRegular
    /BeauTerrySH
    /BECROSS
    /BedrockPlain
    /BeeskneesITC
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BenguiatITCbyBT-Bold
    /BenguiatITCbyBT-BoldItalic
    /BenguiatITCbyBT-Book
    /BenguiatITCbyBT-BookItalic
    /BennieGoetheSH
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardBoldCondensedBT-Regular
    /BernhardFashionBT-Regular
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /Bethel
    /BibiGodivaSH
    /BibiNehruSH
    /BKenwood-Regular
    /BlackadderITC-Regular
    /BlondieBurtonSH
    /BodoniBlack-Regular
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /BodoniBT-Bold
    /BodoniBT-BoldItalic
    /BodoniBT-Italic
    /BodoniBT-Roman
    /Bodoni-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Regular
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolFive
    /BookshelfSymbolFour
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /BookwomanDemiItalicSH
    /BookwomanDemiSH
    /BookwomanExptLightSH
    /BookwomanLightItalicSH
    /BookwomanLightSH
    /BookwomanMonoLightSH
    /BookwomanSwashDemiSH
    /BookwomanSwashLightSH
    /BoulderRegular
    /BradleyHandITC
    /Braggadocio
    /BrailleSH
    /BRectangular
    /BremenBT-Bold
    /BritannicBold
    /Broadview
    /Broadway
    /BroadwayBT-Regular
    /BRubber
    /Brush445BT-Regular
    /BrushScriptMT
    /BSorbonna
    /BStranger
    /BTriumph
    /BuckyMerlinSH
    /BusoramaITCbyBT-Medium
    /Caesar
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-Italic
    /CalligrapherRegular
    /CameronStendahlSH
    /Candy
    /CandyCaneUnregistered
    /CankerSore
    /CarlTellerSH
    /CarrieCattSH
    /CaslonOpenfaceBT-Regular
    /CassTaylorSH
    /CDOT
    /Centaur
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturyOldStyle-BoldItalic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Cezanne
    /CGOmega-Bold
    /CGOmega-BoldItalic
    /CGOmega-Italic
    /CGOmega-Regular
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /Charting
    /ChartreuseParsonsSH
    /ChaseCallasSH
    /ChasThirdSH
    /ChaucerRegular
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /ChildBonaparteSH
    /Chiller-Regular
    /ChuckWarrenChiselSH
    /ChuckWarrenDesignSH
    /CityBlueprint
    /Clarendon-Bold
    /Clarendon-Book
    /ClarendonCondensedBold
    /ClarendonCondensed-Bold
    /ClarendonExtended-Bold
    /ClassicalGaramondBT-Bold
    /ClassicalGaramondBT-BoldItalic
    /ClassicalGaramondBT-Italic
    /ClassicalGaramondBT-Roman
    /ClaudeCaesarSH
    /CLI
    /Clocks
    /ClosetoMe
    /CluKennedySH
    /CMBX10
    /CMBX5
    /CMBX7
    /CMEX10
    /CMMI10
    /CMMI5
    /CMMI7
    /CMMIB10
    /CMR10
    /CMR5
    /CMR7
    /CMSL10
    /CMSY10
    /CMSY5
    /CMSY7
    /CMTI10
    /CMTT10
    /CoffeeCamusInitialsSH
    /ColetteColeridgeSH
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CommercialPiBT-Regular
    /CommercialScriptBT-Regular
    /Complex
    /CooperBlack
    /CooperBT-BlackHeadline
    /CooperBT-BlackItalic
    /CooperBT-Bold
    /CooperBT-BoldItalic
    /CooperBT-Medium
    /CooperBT-MediumItalic
    /CooperPlanck2LightSH
    /CooperPlanck4SH
    /CooperPlanck6BoldSH
    /CopperplateGothicBT-Bold
    /CopperplateGothicBT-Roman
    /CopperplateGothicBT-RomanCond
    /CopticLS
    /Cornerstone
    /Coronet
    /CoronetItalic
    /Cotillion
    /CountryBlueprint
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CSSubscript
    /CSSubscriptBold
    /CSSubscriptItalic
    /CSSuperscript
    /CSSuperscriptBold
    /Cuckoo
    /CurlzMT
    /CybilListzSH
    /CzarBold
    /CzarBoldItalic
    /CzarItalic
    /CzarNormal
    /DauphinPlain
    /DawnCastleBold
    /DawnCastlePlain
    /Dekker
    /DellaRobbiaBT-Bold
    /DellaRobbiaBT-Roman
    /Denmark
    /Desdemona
    /Diploma
    /DizzyDomingoSH
    /DizzyFeiningerSH
    /DocTermanBoldSH
    /DodgenburnA
    /DodoCasalsSH
    /DodoDiogenesSH
    /DomCasualBT-Regular
    /Durian-Republik
    /Dutch801BT-Bold
    /Dutch801BT-BoldItalic
    /Dutch801BT-ExtraBold
    /Dutch801BT-Italic
    /Dutch801BT-Roman
    /EBT's-cmbx10
    /EBT's-cmex10
    /EBT's-cmmi10
    /EBT's-cmmi5
    /EBT's-cmmi7
    /EBT's-cmr10
    /EBT's-cmr5
    /EBT's-cmr7
    /EBT's-cmsy10
    /EBT's-cmsy5
    /EBT's-cmsy7
    /EdithDaySH
    /Elephant-Italic
    /Elephant-Regular
    /EmGravesSH
    /EngelEinsteinSH
    /English111VivaceBT-Regular
    /English157BT-Regular
    /EngraversGothicBT-Regular
    /EngraversOldEnglishBT-Bold
    /EngraversOldEnglishBT-Regular
    /EngraversRomanBT-Bold
    /EngraversRomanBT-Regular
    /EnviroD
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErasITC-Ultra
    /ErnestBlochSH
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EuroRoman
    /EuroRomanOblique
    /ExxPresleySH
    /FencesPlain
    /Fences-Regular
    /FifthAvenue
    /FigurineCrrCB
    /FigurineCrrCBBold
    /FigurineCrrCBBoldItalic
    /FigurineCrrCBItalic
    /FigurineTmsCB
    /FigurineTmsCBBold
    /FigurineTmsCBBoldItalic
    /FigurineTmsCBItalic
    /FillmoreRegular
    /Fitzgerald
    /Flareserif821BT-Roman
    /FleurFordSH
    /Fontdinerdotcom
    /FontdinerdotcomSparkly
    /FootlightMTLight
    /ForefrontBookObliqueSH
    /ForefrontBookSH
    /ForefrontDemiObliqueSH
    /ForefrontDemiSH
    /Fortress
    /FractionsAPlentySH
    /FrakturPlain
    /Franciscan
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /FranklinUnic
    /FredFlahertySH
    /Freehand575BT-RegularB
    /Freehand591BT-RegularA
    /FreestyleScript-Regular
    /Frutiger-Roman
    /FTPMultinational
    /FTPMultinational-Bold
    /FujiyamaPSMT
    /FuturaBlackBT-Regular
    /FuturaBT-Bold
    /FuturaBT-BoldCondensed
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-ExtraBlack
    /FuturaBT-ExtraBlackCondensed
    /FuturaBT-ExtraBlackCondItalic
    /FuturaBT-ExtraBlackItalic
    /FuturaBT-Light
    /FuturaBT-LightItalic
    /FuturaBT-Medium
    /FuturaBT-MediumCondensed
    /FuturaBT-MediumItalic
    /GabbyGauguinSH
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Antiqua
    /Garamond-Bold
    /Garamond-Halbfett
    /Garamond-Italic
    /Garamond-Kursiv
    /Garamond-KursivHalbfett
    /Garcia
    /GarryMondrian3LightItalicSH
    /GarryMondrian3LightSH
    /GarryMondrian4BookItalicSH
    /GarryMondrian4BookSH
    /GarryMondrian5SBldItalicSH
    /GarryMondrian5SBldSH
    /GarryMondrian6BoldItalicSH
    /GarryMondrian6BoldSH
    /GarryMondrian7ExtraBoldSH
    /GarryMondrian8UltraSH
    /GarryMondrianCond3LightSH
    /GarryMondrianCond4BookSH
    /GarryMondrianCond5SBldSH
    /GarryMondrianCond6BoldSH
    /GarryMondrianCond7ExtraBoldSH
    /GarryMondrianCond8UltraSH
    /GarryMondrianExpt3LightSH
    /GarryMondrianExpt4BookSH
    /GarryMondrianExpt5SBldSH
    /GarryMondrianExpt6BoldSH
    /GarryMondrianSwashSH
    /Gaslight
    /GatineauPSMT
    /Gautami
    /GDT
    /Geometric231BT-BoldC
    /Geometric231BT-LightC
    /Geometric231BT-RomanC
    /GeometricSlab703BT-Bold
    /GeometricSlab703BT-BoldCond
    /GeometricSlab703BT-BoldItalic
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /GeometricSlab703BT-Medium
    /GeometricSlab703BT-MediumCond
    /GeometricSlab703BT-MediumItalic
    /GeometricSlab703BT-XtraBold
    /GeorgeMelvilleSH
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansBC
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSansCondensed-Bold
    /GillSansCondensed-Regular
    /GillSansExtraBold-Regular
    /GillSans-Italic
    /GillSansLight-Italic
    /GillSansLight-Regular
    /GillSans-Regular
    /GoldMinePlain
    /Gonzo
    /GothicE
    /GothicG
    /GothicI
    /GoudyHandtooledBT-Regular
    /GoudyOldStyle-Bold
    /GoudyOldStyle-BoldItalic
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleExtrabold-Regular
    /GoudyOldStyle-Italic
    /GoudyOldStyle-Regular
    /GoudySansITCbyBT-Bold
    /GoudySansITCbyBT-BoldItalic
    /GoudySansITCbyBT-Medium
    /GoudySansITCbyBT-MediumItalic
    /GraceAdonisSH
    /Graeca
    /Graeca-Bold
    /Graeca-BoldItalic
    /Graeca-Italic
    /Graphos-Bold
    /Graphos-BoldItalic
    /Graphos-Italic
    /Graphos-Regular
    /GreekC
    /GreekS
    /GreekSans
    /GreekSans-Bold
    /GreekSans-BoldOblique
    /GreekSans-Oblique
    /Griffin
    /GrungeUpdate
    /Haettenschweiler
    /HankKhrushchevSH
    /HarlowSolid
    /HarpoonPlain
    /Harrington
    /HeatherRegular
    /Hebraica
    /HeleneHissBlackSH
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HenryPatrickSH
    /Herald
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HogBold-HMK
    /HogBook-HMK
    /HomePlanning
    /HomePlanning2
    /HomewardBoundPSMT
    /Humanist521BT-Bold
    /Humanist521BT-BoldCondensed
    /Humanist521BT-BoldItalic
    /Humanist521BT-Italic
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-Roman
    /Humanist521BT-RomanCondensed
    /IBMPCDOS
    /IceAgeD
    /Impact
    /Incised901BT-Bold
    /Incised901BT-Light
    /Incised901BT-Roman
    /Industrial736BT-Italic
    /Informal011BT-Roman
    /InformalRoman-Regular
    /Intrepid
    /IntrepidBold
    /IntrepidOblique
    /Invitation
    /IPAExtras
    /IPAExtras-Bold
    /IPAHighLow
    /IPAHighLow-Bold
    /IPAKiel
    /IPAKiel-Bold
    /IPAKielSeven
    /IPAKielSeven-Bold
    /IPAsans
    /ISOCP
    /ISOCP2
    /ISOCP3
    /ISOCT
    /ISOCT2
    /ISOCT3
    /Italic
    /ItalicC
    /ItalicT
    /JesterRegular
    /Jokerman-Regular
    /JotMedium-HMK
    /JuiceITC-Regular
    /JupiterPSMT
    /KabelITCbyBT-Book
    /KabelITCbyBT-Ultra
    /KarlaJohnson5CursiveSH
    /KarlaJohnson5RegularSH
    /KarlaJohnson6BoldCursiveSH
    /KarlaJohnson6BoldSH
    /KarlaJohnson7ExtraBoldCursiveSH
    /KarlaJohnson7ExtraBoldSH
    /KarlKhayyamSH
    /Karnack
    /Kartika
    /Kashmir
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KeplerStd-Black
    /KeplerStd-BlackIt
    /KeplerStd-Bold
    /KeplerStd-BoldIt
    /KeplerStd-Italic
    /KeplerStd-Light
    /KeplerStd-LightIt
    /KeplerStd-Medium
    /KeplerStd-MediumIt
    /KeplerStd-Regular
    /KeplerStd-Semibold
    /KeplerStd-SemiboldIt
    /KeystrokeNormal
    /Kidnap
    /KidsPlain
    /Kindergarten
    /KinoMT
    /KissMeKissMeKissMe
    /KoalaPSMT
    /KorinnaITCbyBT-Bold
    /KorinnaITCbyBT-KursivBold
    /KorinnaITCbyBT-KursivRegular
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /Kristin
    /KunstlerScript
    /KyotoSong
    /LainieDaySH
    /LandscapePlanning
    /Lapidary333BT-Bold
    /Lapidary333BT-BoldItalic
    /Lapidary333BT-Italic
    /Lapidary333BT-Roman
    /Latha
    /LatinoPal3LightItalicSH
    /LatinoPal3LightSH
    /LatinoPal4ItalicSH
    /LatinoPal4RomanSH
    /LatinoPal5DemiItalicSH
    /LatinoPal5DemiSH
    /LatinoPal6BoldItalicSH
    /LatinoPal6BoldSH
    /LatinoPal7ExtraBoldSH
    /LatinoPal8BlackSH
    /LatinoPalCond4RomanSH
    /LatinoPalCond5DemiSH
    /LatinoPalCond6BoldSH
    /LatinoPalExptRomanSH
    /LatinoPalSwashSH
    /LatinWidD
    /LatinWide
    /LeeToscanini3LightSH
    /LeeToscanini5RegularSH
    /LeeToscanini7BoldSH
    /LeeToscanini9BlackSH
    /LeeToscaniniInlineSH
    /LetterGothic12PitchBT-Bold
    /LetterGothic12PitchBT-BoldItal
    /LetterGothic12PitchBT-Italic
    /LetterGothic12PitchBT-Roman
    /LetterGothic-Bold
    /LetterGothic-BoldItalic
    /LetterGothic-Italic
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Regular
    /LibrarianRegular
    /LinusPSMT
    /Lithograph-Bold
    /LithographLight
    /LongIsland
    /LubalinGraphMdITCTT
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSansUnicode
    /LydianCursiveBT-Regular
    /Magneto-Bold
    /Mangal-Regular
    /Map-Symbols
    /MarcusHobbesSH
    /Mariah
    /Marigold
    /MaritaMedium-HMK
    /MaritaScript-HMK
    /Market
    /MartinMaxxieSH
    /MathTypeMed
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /MaudeMeadSH
    /MemorandumPSMT
    /Metro
    /Metrostyle-Bold
    /MetrostyleExtended-Bold
    /MetrostyleExtended-Regular
    /Metrostyle-Regular
    /MicrogrammaD-BoldExte
    /MicrosoftSansSerif
    /MikePicassoSH
    /MiniPicsLilEdibles
    /MiniPicsLilFolks
    /MiniPicsLilStuff
    /MischstabPopanz
    /MisterEarlBT-Regular
    /Mistral
    /ModerneDemi
    /ModerneDemiOblique
    /ModerneOblique
    /ModerneRegular
    /Modern-Regular
    /MonaLisaRecutITC-Normal
    /Monospace821BT-Bold
    /Monospace821BT-BoldItalic
    /Monospace821BT-Italic
    /Monospace821BT-Roman
    /Monotxt
    /MonotypeCorsiva
    /MonotypeSorts
    /MorrisonMedium
    /MorseCode
    /MotorPSMT
    /MSAM10
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MSReference1
    /MSReference2
    /MTEX
    /MTEXB
    /MTEXH
    /MT-Extra
    /MTGU
    /MTGUB
    /MTLS
    /MTLSB
    /MTMI
    /MTMIB
    /MTMIH
    /MTMS
    /MTMSB
    /MTMUB
    /MTMUH
    /MTSY
    /MTSYB
    /MTSYH
    /MT-Symbol
    /MTSYN
    /Music
    /MVBoli
    /MysticalPSMT
    /NagHammadiLS
    /NealCurieRuledSH
    /NealCurieSH
    /NebraskaPSMT
    /Neuropol-Medium
    /NevisonCasD
    /NewMilleniumSchlbkBoldItalicSH
    /NewMilleniumSchlbkBoldSH
    /NewMilleniumSchlbkExptSH
    /NewMilleniumSchlbkItalicSH
    /NewMilleniumSchlbkRomanSH
    /News702BT-Bold
    /News702BT-Italic
    /News702BT-Roman
    /Newton
    /NewZuricaBold
    /NewZuricaItalic
    /NewZuricaRegular
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NigelSadeSH
    /Nirvana
    /NuptialBT-Regular
    /OCRAbyBT-Regular
    /OfficePlanning
    /OldCentury
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OpenSymbol
    /OttawaPSMT
    /OttoMasonSH
    /OzHandicraftBT-Roman
    /OzzieBlack-Italic
    /OzzieBlack-Regular
    /PalatiaBold
    /PalatiaItalic
    /PalatiaRegular
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /PalmSpringsPSMT
    /Pamela
    /PanRoman
    /ParadisePSMT
    /ParagonPSMT
    /ParamountBold
    /ParamountItalic
    /ParamountRegular
    /Parchment-Regular
    /ParisianBT-Regular
    /ParkAvenueBT-Regular
    /Patrick
    /Patriot
    /PaulPutnamSH
    /PcEncodingLowerSH
    /PcEncodingSH
    /Pegasus
    /PenguinLightPSMT
    /PennSilvaSH
    /Percival
    /PerfectRegular
    /Pfn2BlackItalic
    /Phantom
    /PhilSimmonsSH
    /Pickwick
    /PipelinePlain
    /Playbill
    /PoorRichard-Regular
    /Poster
    /PosterBodoniBT-Italic
    /PosterBodoniBT-Roman
    /Pristina-Regular
    /Proxy1
    /Proxy2
    /Proxy3
    /Proxy4
    /Proxy5
    /Proxy6
    /Proxy7
    /Proxy8
    /Proxy9
    /Prx1
    /Prx2
    /Prx3
    /Prx4
    /Prx5
    /Prx6
    /Prx7
    /Prx8
    /Prx9
    /Pythagoras
    /Raavi
    /Ranegund
    /Ravie
    /Ribbon131BT-Bold
    /RMTMI
    /RMTMIB
    /RMTMIH
    /RMTMUB
    /RMTMUH
    /RobWebsterExtraBoldSH
    /Rockwell
    /Rockwell-Bold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /RomanC
    /RomanD
    /RomanS
    /RomanT
    /Romantic
    /RomanticBold
    /RomanticItalic
    /Sahara
    /SalTintorettoSH
    /SamBarberInitialsSH
    /SamPlimsollSH
    /SansSerif
    /SansSerifBold
    /SansSerifBoldOblique
    /SansSerifOblique
    /Sceptre
    /ScribbleRegular
    /ScriptC
    /ScriptHebrew
    /ScriptS
    /Semaphore
    /SerifaBT-Black
    /SerifaBT-Bold
    /SerifaBT-Italic
    /SerifaBT-Roman
    /SerifaBT-Thin
    /Sfn2Bold
    /Sfn3Italic
    /ShelleyAllegroBT-Regular
    /ShelleyVolanteBT-Regular
    /ShellyMarisSH
    /SherwoodRegular
    /ShlomoAleichemSH
    /ShotgunBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SignatureRegular
    /Signboard
    /SignetRoundhandATT-Italic
    /SignetRoundhand-Italic
    /SignLanguage
    /Signs
    /Simplex
    /SissyRomeoSH
    /SlimStravinskySH
    /SnapITC-Regular
    /SnellBT-Bold
    /Socket
    /Sonate
    /SouvenirITCbyBT-Demi
    /SouvenirITCbyBT-DemiItalic
    /SouvenirITCbyBT-Light
    /SouvenirITCbyBT-LightItalic
    /SpruceByingtonSH
    /SPSFont1Medium
    /SPSFont2Medium
    /SPSFont3Medium
    /SpsFont4Medium
    /SPSFont4Medium
    /SPSFont5Normal
    /SPSScript
    /SRegular
    /Staccato222BT-Regular
    /StageCoachRegular
    /StandoutRegular
    /StarTrekNextBT-ExtraBold
    /StarTrekNextPiBT-Regular
    /SteamerRegular
    /Stencil
    /StencilBT-Regular
    /Stewardson
    /Stonehenge
    /StopD
    /Storybook
    /Strict
    /Strider-Regular
    /StuyvesantBT-Regular
    /StylusBT
    /StylusRegular
    /SubwayRegular
    /SueVermeer4LightItalicSH
    /SueVermeer4LightSH
    /SueVermeer5MedItalicSH
    /SueVermeer5MediumSH
    /SueVermeer6DemiItalicSH
    /SueVermeer6DemiSH
    /SueVermeer7BoldItalicSH
    /SueVermeer7BoldSH
    /SunYatsenSH
    /SuperFrench
    /SuzanneQuillSH
    /Swiss721-BlackObliqueSWA
    /Swiss721-BlackSWA
    /Swiss721BT-Black
    /Swiss721BT-BlackCondensed
    /Swiss721BT-BlackCondensedItalic
    /Swiss721BT-BlackExtended
    /Swiss721BT-BlackItalic
    /Swiss721BT-BlackOutline
    /Swiss721BT-Bold
    /Swiss721BT-BoldCondensed
    /Swiss721BT-BoldCondensedItalic
    /Swiss721BT-BoldCondensedOutline
    /Swiss721BT-BoldExtended
    /Swiss721BT-BoldItalic
    /Swiss721BT-BoldOutline
    /Swiss721BT-Italic
    /Swiss721BT-ItalicCondensed
    /Swiss721BT-Light
    /Swiss721BT-LightCondensed
    /Swiss721BT-LightCondensedItalic
    /Swiss721BT-LightExtended
    /Swiss721BT-LightItalic
    /Swiss721BT-Roman
    /Swiss721BT-RomanCondensed
    /Swiss721BT-RomanExtended
    /Swiss721BT-Thin
    /Swiss721-LightObliqueSWA
    /Swiss721-LightSWA
    /Swiss911BT-ExtraCompressed
    /Swiss921BT-RegularA
    /Syastro
    /Sylfaen
    /Symap
    /Symath
    /SymbolGreek
    /SymbolGreek-Bold
    /SymbolGreek-BoldItalic
    /SymbolGreek-Italic
    /SymbolGreekP
    /SymbolGreekP-Bold
    /SymbolGreekP-BoldItalic
    /SymbolGreekP-Italic
    /SymbolGreekPMono
    /SymbolMT
    /SymbolProportionalBT-Regular
    /SymbolsAPlentySH
    /Symeteo
    /Symusic
    /Tahoma
    /Tahoma-Bold
    /TahomaItalic
    /TamFlanahanSH
    /Technic
    /TechnicalItalic
    /TechnicalPlain
    /TechnicBold
    /TechnicLite
    /Tekton-Bold
    /Teletype
    /TempsExptBoldSH
    /TempsExptItalicSH
    /TempsExptRomanSH
    /TempsSwashSH
    /TempusSansITC
    /TessHoustonSH
    /TexCatlinObliqueSH
    /TexCatlinSH
    /Thrust
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-ExtraBold
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Oblique
    /Times-Roman
    /Times-Semibold
    /Times-SemiboldItalic
    /TimesUnic-Bold
    /TimesUnic-BoldItalic
    /TimesUnic-Italic
    /TimesUnic-Regular
    /TonyWhiteSH
    /TransCyrillic
    /TransCyrillic-Bold
    /TransCyrillic-BoldItalic
    /TransCyrillic-Italic
    /Transistor
    /Transitional521BT-BoldA
    /Transitional521BT-CursiveA
    /Transitional521BT-RomanA
    /TranslitLS
    /TranslitLS-Bold
    /TranslitLS-BoldItalic
    /TranslitLS-Italic
    /TransRoman
    /TransRoman-Bold
    /TransRoman-BoldItalic
    /TransRoman-Italic
    /TransSlavic
    /TransSlavic-Bold
    /TransSlavic-BoldItalic
    /TransSlavic-Italic
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TribuneBold
    /TribuneItalic
    /TribuneRegular
    /Tristan
    /TrotsLight-HMK
    /TrotsMedium-HMK
    /TubularRegular
    /Tunga-Regular
    /Txt
    /TypoUprightBT-Regular
    /UmbraBT-Regular
    /UmbrellaPSMT
    /UncialLS
    /Unicorn
    /UnicornPSMT
    /Univers
    /UniversalMath1BT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Italic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-CondensedOblique
    /UniversExtended-Bold
    /UniversExtended-BoldItalic
    /UniversExtended-Medium
    /UniversExtended-MediumItalic
    /Univers-Italic
    /UniversityRomanBT-Regular
    /UniversLightCondensed-Italic
    /UniversLightCondensed-Regular
    /Univers-Medium
    /Univers-MediumItalic
    /URWWoodTypD
    /USABlackPSMT
    /USALightPSMT
    /Vagabond
    /Venetian301BT-Demi
    /Venetian301BT-DemiItalic
    /Venetian301BT-Italic
    /Venetian301BT-Roman
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /VinetaBT-Regular
    /Vivaldii
    /VladimirScript
    /VoguePSMT
    /Vrinda
    /WaldoIconsNormalA
    /WaltHarringtonSH
    /Webdings
    /Weiland
    /WesHollidaySH
    /Wingdings-Regular
    /WP-HebrewDavid
    /XavierPlatoSH
    /YuriKaySH
    /ZapfChanceryITCbyBT-Bold
    /ZapfChanceryITCbyBT-Medium
    /ZapfDingbatsITCbyBT-Regular
    /ZapfElliptical711BT-Bold
    /ZapfElliptical711BT-BoldItalic
    /ZapfElliptical711BT-Italic
    /ZapfElliptical711BT-Roman
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZappedChancellorMedItalicSH
    /ZurichBT-BlackExtended
    /ZurichBT-Bold
    /ZurichBT-BoldCondensed
    /ZurichBT-BoldCondensedItalic
    /ZurichBT-BoldItalic
    /ZurichBT-ExtraCondensed
    /ZurichBT-Italic
    /ZurichBT-ItalicCondensed
    /ZurichBT-Light
    /ZurichBT-LightCondensed
    /ZurichBT-Roman
    /ZurichBT-RomanCondensed
    /ZurichBT-RomanExtended
    /ZurichBT-UltraBlackExtended
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


