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Summary. Knowledge of predation intensity and how and why it varies 
among communities appears to be a key to the understanding of community 
regulation. Along the rocky shores of New England, predation intensity 
in the mid intertidal zone appears to be low with exposure to severe wave 
shock, low desiccation stress, and a sparse cover of canopy algae, and high 
at areas protected from waves, with high desiccation potential and a dense 
cover of algae. As a result, predators at exposed headlands have no controlling 
influence on community structure, while at protected sites, they exert a 
strong and controlling effect on community structure. 

Experimental-observational studies of the effects of wave shock and desic
cation on survival, foraging range and activity of the primary predator 
in this community (Thais lapillus) indicate that: 
(1) 	wave shock is a continuous and actual source of mortality at exposed 

sites but is relatively unimportant at protected sites; 
(2) 	mortality rates from desiccation at protected sites are potentially high 

and greater than at exposed sites; however, 
(3) actual desiccation stress 	is greatly reduced at protected sites by a dense 

algal canopy; 
(4) 	mortality from desice'ation is greater in the higher mid intertidal than 

in the lower mid iptertidal. 
Comparisons of activity patterns of Thais from April through November 

(these snails are usually active from May to early October) at an exposed 
and a protected site suggest snails at the former site restrict their active 
feeding to crevices while those at the latter site forage throughout the habitat. 
Field experiments support this hypothesis. Hence, differences in predator 
effectiveness at exposed and protected communities are probably due in 
part to the influence of wave shock. Exposed areas receive frequent severe 
wave shock in all seasons, even summer. Thus, the risk of being swept 
off the shore for snails foraging away from the shelter of a crevice at such 
areas is apparently great and exerts a strong selective force on foraging 
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range. The importance of waves as a selective agent is further reinforced 
by the fact that crevices are nearly barren of prey, while just a few cm 
beyond the limits of the crevice, prey occur in great abundance. 

In contrast, at protected sites wave shock is never as severe as at exposed 
sites and is a relatively minor factor among severa) which might affect 
the foraging activity of a Thais. A major factor which varies among protected 
sites is the algal canopy. The influence of this factor is considered in a 
companion paper. 

Introduction 

That predation is important in regulating patterns of community structure has 
gained wide acceptance among ecologists (Paine, 1966, 1971, 1974, 1976; Dayton, 
1971; Connell, 1975; MacArthur, 1972; Harper, 1969; Sprules, 1972; Dodson, 
1970, 1974a, b; Janzen, 1970; Menge 1976a, b; Menge and Sutherland, 1976; 
Lubchenco, 1978). On both a local and geographical scale, the high diversity 
observed in communities in relatively benign habitats may in part be a function 
of the high effectiveness of predators in controlling their prey and preventing 
resource monopolization by a few species (Paine, 1966, 1974; Connell, 1975; 
Menge and Sutherland, 1976). At the other end of the scale. the typicaIIy 
low diversity in relatively harsh habitats may be in part a consequence of 
reduced predator effectiveness in such habitats, permitting a few prey species 
to dominate community structure and organization (Connell, 1975; Menge and 
Sutherland, 1976). This hypothesis thus postulates that effectiveness or intensity 
of predation is a key variable in understanding the regulation of community 
structure. 

Predation intensity can be influenced by both (I) innate characteristics of 
predators (e.g. functional responses, switching, morphological constraints on 
feeding rates and types of prey that can be consumed; Holling, 1960; Murdoch, 
1969; Murdoch and Oaten, 1975; Oaten and Murdoch, 1975a, b) and (2) the 
physical and biotic environment. Though some ecologists have devoted attention 
to innate characteristics of predators (see review in Murdoch and Oaten, 1975). 
little is known about how predation intensity is affected by variations in the 
environment. Hence, an important but heretofore neglected problem is to deter
mine how predation intensity varies along gradients of environmental harshness 
in relation to extrinsic features of the environment (which may directly or 
indirectly alter predator activity, feeding rates, and prey capture) and intrinsic 
characteristics of predators. 

It is well known that the physical environment may directly affect diversity 
and other aspects of structure in communities. This may occur through temporal 
heterogeneity (e.g. various physical disturbances, short-term, seasonal, annual 
or longer-term variations in the weather; Dayton, 1971; Loucks, 1970; Levin 
and Paine, 1974; Taylor, 1973; Wiens, 1974b; Osman, 1977) or spatial hetero
geneity (e.g. Pianka, 1967; MacArthur and MacArthur, 1961; Kohn, 1967; 
Kohn and Leviten, 1976; Wiens, 1973, 1974a; Roth, 1976), However the indirect 
effect of such" extrinsic" factors on community structure through their influence 
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on biotic interactions, especially predator foraging and predation intensity, is 
poorly understood. Though certain types of temporal heterogeneity may inhibit 
predator activity (e.g. some predators in temperate areas are inactive in winter 
or during storms; Paine, 1966, 1969; Menge, 1972), the effect of this inhibition 
on predation intensity is not clear because the prey are influenced by the same 
factors, though maybe not to the' same degree. For example, Connell (1971) 
has suggested that predators are more restricted by certain physical factors 
than are their prey. 

Spatial heterogeneity (both biogenic and physical) can either increase preda
tor effectiveness (by moderating a variable environment and thereby permitting 
longer periods of activity and by decreasing the predator's conspicuousness) 
or decrease effectiveness (by impeding prey capture or by providing refugia 
for prey; e.g. see Ware, ]972; Huffaker, 1958). However, data on these effects 
are scarce. 

In research reported earlier (Menge, 1976a, b), I examined the relative impor
tance of competition and predation in controlling community structure at six 
rocky intertidal areas in northern New England. These areas differed in two 
major physical characteristics (wave shock and desiccation) and in several biolog
ical characteristics (including predator abundance, abundance of mussels (My
tUus edulis) and barnacles (Balanus balanoides), and canopy cover by fucoid 
algae; see summary in Table I). A major implication of the results of this 
study (i.e. Menge, 1976 b), was that predation intensity appeared to vary among 
the sites. This, and a companion paper (Menge, 1978), report the results of 
a series of experiments and observations undertaken to determine how extrinsic 
factors influence the effectiveness of the gastropod Thais lapillus in controlling 
its prey. In this paper, I consider the effect that two physical factors have 
on the differences in predation intensity observed between exposed and protected 
areas. Specifically, I examine (I) the effect of wave shock and desiccation on 
survival of Thais, and (2) the int1uence of wave shock on the foraging activity 
and range of Thais. The companion paper (Menge, 1978) considers the effect 
of several factors, but especially canopy cover, on feeding rates of this predator 
in an effort to explain variable predation intensities among protected sites. 

Characteristics of the System 

Both biological and physical characteristics of the study sites change along 
a wave exposure gradient. The characteristics of the six sites studied most 
intensively (Menge, 1976a, b; Lubchenco and Menge, 1978) are summarized 
in Table I). Major trends include (1) wave shock is most severe at Pemaquid 
Point, Maine, and least severe at Canoe Beach Cove, Massachusetts; (2) poten
tial desiccation is subjectively judged to be least at the most exposed areas 
and greatest at the least exposed areas, (3) the more protected areas have an 
intermediate-to-dense canopy cover of fucoid algae while the exposed areas 
have a sparse canopy cover, and (4) predator density varies considerably between 
areas (Table 1). The biotic factor controlling distribution, abundance and diver
sity at each area is listed in the last column of Table I and was determined 
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Table t. Summary of pertinent physical characteristics, community structural patterns, and control
ling factors in the mid intertidal zone of six New England rocky intertidal communities 

Study Physical environment" Ex- Canopy Cover of: Thais Controlling 
site posure cover o/Q mussels density biotic factor 

Wave sbock Oes index b barnacles (!jIm2) (mid and low 
iccation intertidal) 
intenSIty 

Pemaquid Severe. Low 7.43 0-10 ~90% 16-80 Interspecific 
Point frequent, (Fuel/s competition 

direct disfiehus) 

Little Severe. Low 2.44 (no data (no data (no data- Interspecific 
Brewster frequent, similar to similar to similar to competition 
Point direct Pemaquid Pemaquid Pemaquid 

Point) Point) Point) 

Chamber- Often severe. Inter 1.58 30-85 -70% 36152 Predation 
lain frequent, in- mediate (F ilis -5% (max.= 

direct (lee of fichus) 436 if 
headland) juveniles 

included) 

Little Occasionally Fairly 1.20 15-30 -20% 72-156 Predation 
Brewster severe .. indirect high (F vesiCll -20% 
Cove (lee of island) IOSliS 

and Ascophyl

lum 

Grind- Usually mod- Inter 0.56 65-90 -20% 108-456 Predation 
stone erate_ infre mediate (F ves _5°;', (max.= 
Neck quently severe, infre iculosus) 1056 if 

indirect quently juveniles 
(lee of island) severe included) 

Canoe Minor, occas- Frequently 0 85-95 -5% 9-32 Predation 
Beach ionally mod- severe (Asco -5% 
Cove erate. indirect phyllum) 

(protected 
cove) 

Based on personal observations. exposure indices, and field experiments on survival of Thais 
under variable desiccation stress. Desiccation stress is probably greatest in summer 
b An index based on the loss rate of cages used in experiments. See Menge (l976b) for further 
explanation 

from experiments reported earlier (Menge and Sutherland, 1976; Menge 1976 a, 
b; Lubchenco and Menge, 1978). The main pattern of interest here is that, 
though predators are present at the most exposed areas, they have no controlling 
influence on their prey at these areas. Hence it would seem that predation 
intensity is not a simple function of density; i.e., predator abundance is presum
ably only one of a complex set of factors which determine predation intensity. 

To investigate the relationship between predator density and predation inten
sity along this wave exposure gradient, experiments on predator survivaL feeding 
rates and foraging range were initiated at three sites located at the Marine 
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Fig. 1. Sketch of the study areas at Nahant. 
Massachusetts. Dense stipple = gra vel/sand 
beaches: sparse stipple land. EP East 
Point; BH Bennett Head: RHe Bennett 
Head Cove: eRe Canoe Beach Cove. MSI 
is the Marine Science Institute of 
~ortheastern University. Scale is 
approximate. Arrows indicate wind 
direction during nor-easters 

Science Insitute, Northeastern University. Nahant, Massachusetts. The three 
Nahant sites were East Point, an exposed headland; Bennett Head Cove, moder
ately exposed to waves; and Canoe Beach Cove, a protected site (Fig. 1). East 
Point is similar to Perna quid Point and Little Brewster Point (Table 1) and 
is characterized during the summer and autumn by a dense cover (about 
90100%) of barnacles and mussels, little (about 10%) unoccupied primary 
space, and a very sparse cover (about 5%) of the fucoid alga Fucus distichus. 
Bennett Head Cove is similar to Chamberlain, Little Brewster Cove and 
Grindstone Neck and has an intermediate cover (about 50%) of barnacles 
and mussels, much unoccupied primary space (about 50%). and a fairly dense 
cover (50~75%) of Fucus vesiculosus and F. distichus. Canoe Beach Cove has 
a low total cover (about 10%) of barnacles and mussels, much unoccupied 
primary space (about 90%) and a dense canopy (about 85~95%) of the fucoid 
Ascophyllum nodosum. 

Field experiments on the foraging range of Thais were done at an exposed 
site (Pemaquid Point) and at a relatively protected site (Little Brewster Cove). 

Potential Effects of Wave Shock and Desiccation on Survival of Thais 

Wave shock and desiccation are considered by many intertidal workers to 
be the most significant sources of mortality from physical factors for most 
intertidal organisms (e.g. Lewis, 1964; Kensler, 1967; Dayton, 1971; Levin 
and Paine, 1974; Connell, 1961 b, 1970; Glynn, 1968; Menge 1976b; 
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1970; Harger and Landenberger, 1971). As Dayton (1971) has pointed out, 
wave shock and desiccation are probably inversely correlated with each other, 
since if an area is frequently swept by waves, it is unlikely to experience severe 
desiccation. 

Ideally, to provide a convincing case that Thais foraging activity is affected 
in an important way by waves, one should investigate its tolerance limits to 
various physical factors including wave shock and desiccation. J have not done 
this, but do have evidence that both wave shock and desiccation are potentially 
major sources of mortality for Thais. This evidence comes from the fate of 
snails used in feeding rate experiments (described in more detail in Menge, 
1978). In these experiments, groups of Thais were held with prey in lOx lOx 5 cm 
cages in several microhabitats (substrata either protected by a canopy, by crev
ices, or unprotected) at selected sites within their normal range along the vertical 
tidal gradient and along the wave exposure gradient. The experiments were 
usually run from 3 to 7 days, and provided data on survival of both Thais 
and the mussels that were provided as prey. The experiments were done from 
late July to late September, 1975. 

The mortality of Thais in these experiments and several weather characteris
tics (Anonymous, 1975) over this time period are plotted in Figure 2. Weather 
characteristics given include daily records (for Boston) of (1) mean wind velocity 
and prevailing direction, (2) percent of the time the sun was not obscured by 
clouds, and (3) maximum and minimum air temperatures (OF). Taken together, 
these factors can be used as a rough index to indicate both stormy periods 
when wave shock would be expected to be relatively high and periods of potential 
heat and desiccation stress. For example, a nor-easter occurred on August 
6-8, 1975. This is reflected by a relatively high northeasterly wind (Fig. 2A), 
low insolation (high cloud cover; Fig. 2 B), and a sudden onset of relatively 
cool temperatures (Fig. 2 C). Similarly, a period of extremely warm temperatures 
occurred from July 30 to August 2 (Fig. 2 C). 

Mortality of Thais (presumably from wave shock or desiccation or both) 
in these microhabitats in each of four different sites is shown in Figure 2D-G. 
Crevice microhabitats were not included at protected sites because subjectively 
it appeared that the main microhabitat variable was presence or absence of 
a canopy. A Fucus and an Ascophyllum canopy were examined separately because 
the cover of the former appeared more patchy over space and time than did 
the latter (e.g. see Menge, 1976b). 

Several interesting patterns emerge from this analysis. First, and most obvi
ously, snails in the higher part of their vertical range seem to face a greater 
risk of mortality from these physical factors (X 2 = 121.27, 1 df, P< 0.005; compare 
Fig. 2D and F to E and G). Second, snails at protected sites seem to face 
a greater risk from desiccation than do those at exposed areas. This is suggested 
by the high mortality in relatively harsh microhabitats (0 in Fig. 2 D and F; 
18.9% mortality) compared to more moderate microhabitats (F and A in Fig. 
2 F and G; 3.6% mortality) at protected areas (/ = 129.09, 1 df, P < 0.005) vs. 
the similar mortalities observed in 0 (4.0%) and C and F (3.6%) microhabitats 
at exposed areas (Fig. 2D and E; /=0.21, 1 df, P>0.5). Third, the risk of 
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Fig. 2A-G. Comparison of mortality of Thais under different experimental conditions (see text) 
and contemporary weather patterns, A Mean daily direction and velocity of wind, B Daily percent of 
possible sunlight (=#h of sun radiation! #h of daylight), C Daily maximum and minimum air tempe
ratures, D-G Percent of Thais ('1 per bar=20 snails) dying in each of four sites. Thick horizontal 
lines above D-G indicate time period of each experiment. Code for histograms refers to three 
microhabitats within each site; 0 no protection, C near a crevice, F covered by a canopy of FUClIS 

spp" A covered by a canopy of Ascophyllum. If no histogram is shown for a particular experiment, 
no mortality occurred. ND no data available 

mortality from desiccation is greatest during the hottest parts of the time period 
investigated. Thus, more mortality attributable to desiccation occurred in late 
July and August (10.1 %) than in September (I. 7%; / = 110.2, I df, P < 0.005). 
Finally, though this is not clearly indicated by Fig. 2, mortality and loss of snails 
from the more benign microhabitats (crevices and canopy covered) during storms 
was greater at the exposed sites (15.9%) than at the protected sites (3.0%; 
X2 = 18.44, 1 df, P < 0.005). These were the only periods when Thais shell fragments 
were found in cages (as opposed to whole shells with moribund or rotting snails 
inside). 

In summary, it seems clear that both desiccation and wave shock are poten
tially serious sources of mortality for Thais. Hence, one would expect to find 
that the activities of this snail are patterned to minimize these sources of risk. 
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Fig. 3. Photo of the "bare zone" (spanned by the ruler) characteristic of crevices occupied by 
Thais (not visible in the photo) at Pemaquid Point. The dark band under the end of the ruler 
is lv!ytilus. The remainder of the photo is covered by Balanus 

Foraging Range of Thais in Relation to Wave Shock 

Patterns of Abundance (~f Thais 

Several observations suggest that the foraging activity and range of Thais are 
strongly influenced by wave shock. First, at exposed areas, the only areas which 
are consistently free of mussels and barnacles are most of the crevices deeper 
than about 10 cm (e,g. Fig. 3). That this" bare zone" of free space is maintained 
by Thais is supported by the observations that such crevices harbor dense 
populations of this snail, and crevices which have no Thais, have no free space 
and are dominated by Mytilus. Thus, patterns of space utilization in crevices 
in the mid intertidal at Pemaquid Point are in some ways similar to the entire 
mid intertidal zone at more protected areas (e.g., Menge and Sutherland, 1976; 
Menge, 1976a, b). 

A second observation suggesting that wave shock restricts Thais to crevices 
at exposed areas but not at protected areas is that these snails remain concen
trated in crevices at exposed areas during the period of feeding activity (May 
to September). At protected areas, Thais forage actively over the entire study 
site during this period (Table 2). At the exposed area (Pemaquid Point), Thais 
are always considerably denser (2.2 to 94 times as dense) in and near crevices 
(0 m) than they are away from crevices (1-2 m). The absence of snails from 
any quadrats in April and the low densities in October and November (Table 2) 
probably reflect the facts that the snails retreat so deep into crevices during 
winter that they cannot be counted accurately and that waves often inhibit 
sampling efforts. In contrast, at the more protected area (Grindstone Neck), 
snails are completely inactive during late fall, winter and early spring (October 
to early April) but forage actively over the mid and low intertidal in the warmer 
months from late April to September or early October (Table 2). Thus, in 



9 Foraging Activity and Environmental Harshness 

Table 2. Seasonal changes in Thais density at 0, 1, and 2 m from crevices at an exposed and 
a protected area during 1975 

2Study area Distance Thais density (# fO.25 m ) 

from 
crevice April May July August Sep- October November 
(m) tember 

Pemaquid Point 0 0 94 190 90 156 II b 23 
(exposed; canopy (3.2) 
cover = 8·27%)" 0 16 41 28 4.5" 4 

(2,7) 

2 0 2 36 26 13 2,5" 0 
( 1.6) 

adult juv, C 

Grindstone Neck 0 189 8 32 II 16 14 5 
(protected, (40,3) (1.2) (9.4) (6.6) (3.7) (4) (2.2) 
canopy cover = 55 43 43 29 22 II 7 
90-98%)" (33.6) (7.7) (15.2) (9,6) (5.0) (4.4) (3) 

2 4 III 17 50 30 8 II 
(2,7) (35,7) (12.2) (8,9) (7,2) (3) (3.3) 

3 2.5:1 107 
(36,7) 

Thais density is the average no. in two quadrats 
Thais density is the average of four quadrats, ± standard error is given in parentheses 
Density given as the number per 0,04 m 2 due to the great abundance of juvenile Thais 
Dash means no data available 

April at Grindstone Neck, Thais were concentrated in crevices and scarce else
where. In May, these snails had left or were leaving the crevices (they actually 
leave in conspicuous" waves" when they are abundant as at Grindstone Neck) 
and remained seattered over the study site until September, when the adult 
snails retreated to crevices. 

Interestingly, juvenile snails (those born during the summer) remain widely 
dispersed longer than do adults (Table 2), probably for several reasons. First, 
they are small (0.20.5 em) and probably cannot move as fast. Second, their 
smallness probably increases the effective density of acceptable crevices or other 
types of shelter, since a crevice that is too small for a large snail may be 
large enough for a small snail. Third, adult Thais are size-selective predators 
(Connell, 1961a; Menge, unpublished data) and have virtually eliminated most 
large prey by September (Menge 1976 b, unpublished data). However, since 
they pass up the small prey (e.g. barnacles ;£ 3 mm diameter, mussels ;£ 5 mm 
long). prey availability for juvenile Thais is still probably relatively great in 
early to mid autumn. and these snails evidently delay retreating to shelter some
what longer than do the adult snails (Table 2). Of course, this apparent delay 
in returning to shelter may also be an adaptation to permit juveniles to grow 
as large as possible before overwintering. 
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Table 3. Thais density in relation to shelter from crevices. Data taken May through September 
1975 (except for Little Brewster Cove which is May through October)' 

Study Distance Algal canopy 
area from 

crevice Absent Present % Cover b 

(m) (#Thaisj (#Thaisj 
0.25 m2

) 0.25 ml) 

Pemaquid Point 0 80.2±9.9 132.4± 16.6 8.5± 1.6 
(exposed) (19) (8) (6) 

1.3 0.7 21.6± 5.9 27.2± 2.7 
( 13) (8) (8) 

2 3.0± 3.0 19.2± 5.9 25.6± 5.7 
(2) (8) (8) 

3 1.0 NDc ND 
(I) 

Little 0 27.9±8.8 8.1± 2.5 24.5± 6.0 
Brewster Cove (13) (10) (4) 
(relatively protected) l4.5±9.8 5.0± 2.0 37.0±14.7 

(13) (10) (4) 

2 11.6±5.6 3.0± 1.0 42.8± 3.1 
(13) (10) (4) 

Grindstone Neck 0 ND 16.8± 3.6 98.0± 0.9 
(relatively protected) (16) (4) 

ND 34.2± 5.1 96.0± 3.7 
(16) (4) 

2 ND 51.8 12.8 90.5 4.3 
(16) (4) 

3 ND 107.2±36.7 ND 
(4) 

Data are means ± one standard error. Numbers in parentheses are the number of quadrats 
sampled 
b Canopy is Fucus distichus at Pemaquid Point, is a mixture of Fuclls vesiculosus and Ascophyllum 
nodosum at Little Brewster Cove, is F. l'esicu/oslIs at Grindstone Neck 

ND ==no data are available 

The dispersion pattern of Thais also seems influenced by a cover of canopy
forming algae. Table 3 contrasts Thais densities (averaged over the warm months) 
at different study areas in the presence and absence of a canopy. At the exposed 
area (Pemaquid Point), Thais are 27 to 60 times denser in crevices than away 
from crevices when no canopy is present but are only about seven times denser 
in crevices when canopy cover (Fucus distichus; see Table 1) is about 25%. 
In contrast, at one protected area (Little Brewster Cove) average snail density 
in crevices is only 2 to 2.5 times greater than away from crevices, both with 
and without a canopy (cover ranges from 25 to 43%). Here Thais are less 
dense under a canopy than in the open (Table 2). This may indirectly reflect 
the" whiplash" effect fucoid algae have on barnacle abundance. A canopy 
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inhibits recruitment of barnacles by dislodging newly settled barnacle cyprids 
from the surface (Menge, 1976b; Dayton, 1971; Hatton, 1938; Southward, 
1956; Lewis, 1964). This would reduce the abundance of prey for Thais under 
a canopy, but not in patches of space lacking a canopy. Hence, in such patches 
the resulting resource concentration (barnacles and mussels) evidently attracts 
the predatory Thais. 

Finally, at another protected site with a dense snail population and a dense 
canopy (Grindstone Neck), Thais are actually densest away from crevices 
ble 3). This suggests crevices at protected areas carry no attractions for Thais 
in the form of food or shelter during the warm months of the year. 

Effect of Thais Predalion al Var,ving Dislanc'es from Crevices 

Though the above data strongly suggest that Thais rarely leave crevices at 
exposed areas, they do not preclude the possibility that these snails may leave 
a crevice, eat a barnacle or mussel, and return within a tide cycle. However, 
feeding rates given in Menge (1978) suggest this is unlikely. The most rapid 
average feeding rate obtained in these experiments was 13 h for an individual 
Thais to consume an individual mussel. This suggests that in general, a Thais 
would be unable to complete a feeding bout within one period of tidal submer
gence (about 6 h), and hence undetected" dashes" for prey by Thais at exposed 
areas are unlikely. A more likely hypothesis is that though densities of Thais 
are low away from crevices, the few that do leave crevices have a relatively 
greater per individual effect on prey abundance. 

To test the effect of Thais at varying distances from crevices, I performed 
predator exclusion experiments at three distances from crevices at Pemaquid 
Point and Little Brewster Cove. Similar experiments were done at Grindstone 
Neck but barnacles failed to settle in 1975 at this area. Since mussel settlement 
and growth is partly dependent on a barnacle substratum (Menge, 1976b), 
mussels were not abundant either. Because of these problems, the Grindstone 
Neek experiments gave no results worth reporting. 

The experiments were established at 0 m (actually technical difficulties al
lowed placement of cages no closer than about \0 cm of a crevice), I m, and 
(in most cases), 2 m distance from a crevice. The sites were selected so that 
no useful shelters were available nearby other than the main erevice. The basic 
experimental design has been described in detail elsewhere (e.g. Connell, 1961 a; 
Dayton, 1971; Menge, 1976b). It includes a cage of stainless steel mesh to 
exclude all predators greater than about 2 mm in width, a roof or sideless 
cage to test for shading, and an unmanipulated control. No significant differences 
were detected between controls and roofs either in previous experiments in 
the mid intertidal (i.e. the shading effect of the mesh is not significant; Menge, 
1976 b) or in the experiments under discussion (analysis of variance on data 
transformed by the arcsin transformation; P> 0.05 for canopy-covered experi
ments, P> 0.5 for experiments not covered by a canopy). Hence, to simplify 
interpretation, I report results for controls and exclusions but not roofs. To 
further simplify presentation, I have lumped abundances (percent cover) of 
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Mytilus and Balanus together as total prey abundance. This is justified since 
Thais preys almost exclusively on these prey species and so far I have detected 
no strong differences in preference of Thais for either species (Menge, 1976 b). 

The results of the experiments basically support the notion that the effective 
foraging range of Thais is greatly reduced at exposed as compared to protected 
areas (Fig. 4). Regardless of whether or not a canopy was present, Thais had 
virtually no effect on prey abundance at Pemaquid Point (Fig. 4A). From mid
summer to November. cover of Mytilus and Balanus totalled nearly 100% in 
both controls and exclusions at all distances from the crevices. No signiticant 
differences were detected between control and exclusions in experiments with 
no canopy cover (anova, P> 0.25, df= 1,6) or those with canopy cover (anova, 
P>O.I, df=l,4). 

In contrast, at the relatively protected Little Brewster Cove, results in controls 
and exclusions were very different (Fig. 4B). Where no canopy cover occurred, 
prey cover in controls was initially somewhat similar to that in exclusions. 
By June, prey abundance in controls was less than in exclusions. By November, 
when the experiments were terminated, percent cover of prey in all three exclu
sions was 100%, while in controls it ranged from 0 to 27% (Fig.4B). The 
exclusion cage results at areas with a canopy cover present were nearly identical. 
In controls, prey cover was never as great as in experiments with no canopy, 
and final cover ranged from 0 to 19%. Differences between controls and exclu
sions in experiments both with and without a canopy are significant at P<O.OOI 
(anova, df= 1,4 in both cases). 

These results support the hypothesis that the foraging range of Thais is 
drastically inhibited at wave-swept areas, probably because a snail experiences 
a great risk of being dislodged by high energy waves if it leaves the relative 
shelter of a surface irregularity like a crevice. That wave shock is relati vely 
great at exposed areas even in the summer is supported both by the high 
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exposure index for such areas (Menge, 1976b; Table I) and by the fact that 
even during summertime, exposed areas often cannot be sampled because of 
severe wave action. The lack of data for June and July 1975 at Pemaquid 
Point is a consequence of this sort of inaccessibility. 

Judging by the width of the "bare" zone around crevices at Pemaquid 
Point (Fig. 3), the severity of this inhibition is considerable. These observations 
and the lack of any measurable effect of Thais in even the 0 m experiments 
thus seems to resolve one of the paradoxes listed earlier. The lack of influence 
of relatively dense populations of Thais on community structure in communities 
at exposed headlands (Menge, 1976b) is evidently a consequence of the severe 
restriction of the foraging range of this snail by the presumed high probability 
of being dislodged by waves. 

Discussion 

The hypothesis that the observed difference in the effectiveness of Thais in 
controlling prey at exposed and protected sites is due primarily to wave shock 
(Menge, 1976b) is supported by these experiments. Evidently, the populations 
of snails at exposed sites have different activity patterns from those at protected 
sites. Snails at exposed sites seem quite restricted in their foraging range, with 
most of them remaining in the shelter of crevices throughout the year. This 
is presumably because severe nor-easters may occur in any season in New 
England, including summer. For example, three nor-easters occurred during 
the experiments reported in Figure 2. Moreover, examination of weather records 
(Anon., 1965-1975) reveals that from 1965 to 1975, 28 storms occurred in 
autumn, 33 in winter, 31 in spring, and 11 in summer. There are thus fewer 
storms in summer, but they do occur. Personal observations indicate these 
can be very violent, and the weather data suggest the temporal occurrence 
and frequency of such storms is unpredictable. 

On the other hand, foraging activity is clearly not restricted to crevices 
at protected sites (Fig. 4, Table 3). Here, Thais range widely over the intertidal 
from May to late September, and at some sites will even range into the high 
intertidal (e.g. on vertical walls or under a dense canopy; Menge, 1976b). 
Presumably, the probability of being washed off in a storm is greatly lessened 
at protected sites because wave energy is much lower at such sites even during 
storms and the dense algal canopy probably buffers the force of those few 
large waves striking protected areas. Why these snails retreat to shelter during 
the colder half of the year is not yet clear but is probably related to reduced 
food abundance or availability and the fact that during the severest winter 
storms, the force of waves washing over even the most protected areas can 
be considerable. 

Though Thais at protected sites evidently devote little time and energy to 
coping with wave shock, it appears that an important potential source of mortality 
at such areas is desiccation (Fig. 2). However, this source of mortality would 
seem to be of minor importance as an actual mortality cause. Relatively few snails 
in cages placed under a canopy died in the experiments reported in Figure 2. 
The substrata under a canopy are always damp and relatively cool (personal 
observations), even on extremely hot days. Presumably then, the only occasions 
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when snails in protected areas would experience desiccation stress are when 
they happen to feed or become inactive in patches of substratum lacking a 
canopy. Such patchiness is relatively greater at areas with a Fucus canopy 
than it is at areas with an Ascophyllum canopy (e.g., Menge, 1976b; Table I, 
column 5). Further, Fucus canopies tend to be less dense than Ascophyllum 
canopies because the former alga is usually a much shorter and less robust 
plant than the latter (personal observations). Taken together, these observations 
suggest that effective desiccation stress is less at Ascophyllum-dominated areas 
than at Fucus-dominated areas. This interpretation may explain why mortality 
of Thais was higher in cages under a Fucus canopy than in cages under an 
Asophyllum canopy (Fig. 2). 

The differences in activity of Thais at exposed and protected areas could 
be either learned or genetic. Snails at exposed sites are phenotypically different 
from those at protected sites, having thinner shells and a smaller mean individual 
size (Moore, 1936; Osborne, 1977). However, though in Europe Thais lapillus 
are highly polymorphic at the chromosome level (Staiger, 1957), and would 
be amenable to studies of population genetics, the genetic basis of such phenoty
pic characteristics as behaviour, morphology, etc. is not known. 

In conclusion, these results are consistent with the hypothesis that predation 
intensity is a function of environmental harshness (Connell, 1975; Menge and 
Sutherland, 1976). In the more harsh environment (exposed sites), Thais activity 
seems greatly restricted by the high probability of being washed off the rocks 
by severe wave activity through out the year. In more benign environments 
(protected sites), Thais activity seems little affected by waves. Rather, the algal 
canopy seems to exert an important effect on activity through its role in moderat
ing desiccation and its relative patchiness. Thus one component of predation 
intensity (foraging activity) is apparently influenced by both wave action and 
the algal canopy (desiccation potential). The influence of these factors, especially 
the algal canopy on another component of predation intensity, individual feeding 
rates, will be considered in a subsequent paper (Menge, 1978). 
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