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AssTrACT: Clip-quadrat samples taken prior to, during and after
inundating tides in Salicornia and Spartina salt marshes during 1 year
revealed that periodic tidal inundation had little effect upon the number
of adult species or their vertical stratification within the marsh vegeta-
tion. Possible explanations for the insects’ remaining in the marsh during
inundation are considered. Sorensen’s Quotient of Similarity demon-
strated little alteration in species composxtlon, and a trophic analysis
showed no change in the relative proportion of herbivores, saprovores
or predators as a result of inundation. The possibility that salt-marsh
insects remaining in place on the vegetation during inundating tides may
be a result of early morning sampling is considered. These findings sup-
port previous conclusions that salt-marsh insect populations are regulated
primarily by biological rather than physical factors.

InTRODUCTION

Periodic inundation is a characteristic of intertidal—as well as other
—ecosystems, which necessarily influences growth, distribution and
activity of resident organisms (Doty, 1946; Harrington and Harring-
ton, 1961; Sheppe and Osborne, 1971; Evans, 1972; Sheppe, 1972;
Sudd, 1972). Intertidal air-breathing animals must retreat to higher
ground, climb above the high-water mark, remain afloat, swim or
endure submersion to survive inundating tides. Birds and small mam-
mals have been reported to take refuge on floating debris and emergent
vegetation or to migrate to higher ground during high tides (Harris,
1953; Johnston, 1955, 1957; Sibley, 1955; Fisler, 1961; Shure, 1971;
Hadaway and Newman, 1971). The effects of high tides upon the
many species of air-breathing insects that live in salt marshes are not
clear. Davis and Gray (1966) and Teal and Teal (1969) suggest that
salt-marsh insects escape inundation by vertical migration to plant tops
or by moving out of the marsh until the tidal waters recede, but earlier
workers reported that some insects remain underwater in totally in-
undated marshes (Arndt, 1914; Metcalf and Osborn, 1920; Saunders,
1928; Brown, 1948). I tested the hypothesis that adult insects
are unable to survive inundation and respond by moving up the vege-
tation to dry refuges ahead of the rising tide or by leaving the marsh
area if the vegetation is totally inundated.

MEzTHODS
The study area was located on the bayside of agricultural levee
systems on the western side of Tolay Creek, Sonoma Co., California;
this area is on the northern shore of San Pablo Bay, the northern arm
of San Francisco Bay. The marsh was composed of two fairly homo-
geneous plant communities distinguished by their respective dominants,
Salicornia pacifica Standley (Chenopodiaceae), a dense, woody peren-
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nial reaching 30 cm in height, and Spartina foliosa Trin. (Gramineae),
a reedlike plant lacking perennial aboveground parts and reaching 120
cm in height. The Salicornia community was located between the
levee system and the Spartina community which bordered directly on
the bay waters. The sharp transition between communities in this
marsh, as in other marshes, is maintained by regular schedules of tidal
submergence and exposure (Chapman, 1939, 1940; Miller and Egler,
1950; Hinde, 1954; Redfield, 1972; Nixon and Oviatt, 1973). Stand-
ing water in these communities resulted when tides exceeded 6 ft
(1.8 m), which occurred 195 days during the study year. When tides
exceeded 7 ft (2.1 m), water completely submerged the Salicornia
plants (water depth > 45 cm), but only covered the lower half of the
Spartina plants (water depth > 60 cm). Such tides occurred 27 days
during the study year and are henceforth referred to as inundating
tides.

The annual tidal cycle for the study area consists of seasonal high
tides during summer (May to July) and winter (November to Febru-
ary), with the lowest tides during autumn (August to October) and
spring (March to April). The tidal range during the study year was
9.45 ft (2.9 m) ; the highest (+ 7.45 ft (2.3 m)) and lowest (— 2.00
ft (— 0.61 m)) tides occurred in late December and late June.
Maximum submergence time of the Salicornia community during the
highest tides was approximately 5 hr. Spartina was never totally sub-
merged, but the lower portion was underwater for a similar duration.

Five random 0.25 m? clip-quadrat samples were taken weekly from
a 0.71-ha area in each marsh community from July 1968 through June
1969. Vegetation within the sampling frame was clipped from four
arbitrarily determined vertical strata (ground, 1-10, 11-20 and 21-30
cm in the Salicornia community; and ground, 1-40, 41-80 and 81-
120 cm in the Spartina community), placed in separate plastic bags
with a minimum of disturbance to the vegetation, and returned to the
laboratory. When all vegetation had been removed, the litter was
scraped from the ground stratum. No belowground samples were taken.
This sampling regime continued as described even though six of the
sampling periods coincided with inundating tides (dates of these sam-
ples were 22 November 1968, 20 December 1968, 17 January 1969, 14
February 1969, 28 May 1969 and 26 June 1969). Samples taken
while the vegetation was underwater during these periods were com-
pared with weekly samples taken during noninundated periods.
Further details of the sampling procedure are in Cameron (1972).

Insects were extracted from the vegetation in the laboratory by
Berlese-Tullgren funnels. Plant samples were placed loosely in the
funnels and left for 10-12 hr to maximum yield. Extraction efficien-
cy, checked against a flotation method (Southwood, 1966), was greater
than 90%. The Berlese-Tullgren method of extraction is based upon
behavioral responses of animals in the sample. This is important be-
cause nearly all the specimens collected from samples taken underwater
must have been alive when the samples were obtained. Only adult
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insects were considered in this study to simplify taxonomic determina-
tions. Adult insects from each stratum were sorted, identified to species,
and the number of individuals per species recorded.

Resurts

All insect species collected underwater, except collembolans, were
flying forms which could conceivably leave the marsh during inunda-
tion. To detect whether or not species left during inundation, the
numbers of insect species present in all strata in Salicornia and Spar-
tina during periods of tidal inundation were compared with the num-
ber of species present during previous weeks of no tidal inundation, by
a t-test for paired comparisons (Sokal and Rohlf, 1969). This test

uses the average difference in the number of species (D) between the
six paired inundated vs. noninundated weeks to assess the effect of tide.
The formula

D — (g — pa)
S

D

is used, where D = the mean difference between the paired observa-

tions, s = the standard error of D, and (pu; — p2), the true difference
D

between the mean of the two groups, is assumed to equal zero. Values

of D and s are used to compute ¢-values for the total community and
D
for the separated strata. For this and all following comparisons, the
six samples taken during inundation were pooled and compared
with six similarly pooled noninundated samples taken during the pre-
ceding week. All the t-values are below the critical value for this
comparison (Table 1), indicating no significant difference in the
number of species present during inundated or noninundated weeks
and, hence, no significant effect of tide (fcriticar = 2.57; p > 0.05).
The possibility of residual (time-lag) effects of tidal inundation
upon adult insects was tested by comparing species composition between
the week preceding and the week following inundating tides (Table 1).
There was no significant difference in the number of species, indicat-
ing no short-term time-lag response due to tides (fcritica1 = 2.57; p >
0.05). This does not suggest, however, that abundance or emergence
of some of the species may not be cued by the tidal cycle, as shown
experimentally for some insects (Pfluger and Neumann, 1971).
Upward movement of the insects in response to rising tide would
not be detected by the preceding analysis because individual strata
were not analyzed separately. Interstrata comparisons within each
marsh community can test for such escape movement. Vertical move-
ment should be most evident in Spartina, because only half the vege-
tation is covered at maximum inundation and the remaining half
could serve as a temporary refuge. A i-test for paired comparisons
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showed no significant difference (Zeriticar = 2.57; p > 0.05) in the
number of species between the week previous to the inundating tide
and the week of the inundating tide for any strata in either community
(Table 1) suggesting that insects do not move up the marsh plants
ahead of advancing tides, but instead remain within the vegetation
stratum during inundation.

Inundating tides could affect insect species composition without
altering the number of species present by selecting for or against certain
species. Gross taxonomic structure (at the ordinal level), however,
was not altered in either community by inundation (Table 2) ; there
was no significant change in the taxonomic apportionment in either
community as a result of inundation (Salicornia, x* = 1.33, p > 0.1;
Spartina, x* = 0.35, p > .05). At the species level, Sorensen’s Quotient
of Similarity (Southwood, 1966) was computed for each pair of sam-
ples taken during inundated and previous noninundated weeks to
detect changes in species composition attributable to inundation. A
mean species overlap value was then computed from these individual
week pairs for the total Salicornia and Spartina communities as well as
for each vertical stratum (Table 3, QS Tide). Lower similarity values
at ground level result from loss of species when detritus floats out of the
marsh during tidal flux (Cameron, 1972). High similarities in species
composition for the total community and the partitioned strata between
inundated and noninundated samples indicate that a similar insect
fauna was sampled and that the species composition was not affected

TaBLE 1.—Comparison of the number of species present in Salicornia and
Spartina marshes during (1) the week before and the week of the inundating
tide, and (2) the week before and the week after the inundating tide by a ¢-test
for paired comparisons. Comparisons based upon the average difference in the

number of species present between week pairs (D) are made for the total un-
stratified community and for the community divided into vertical strata

Comparison
Week before vs. Week before vs.
week of tide week after tide
D s t2 ; s t2
Salicornia D D
Total community 1.00 2.09 048 -1.00 1.16 0.8
ground -0.50 043 1.12 0.67 033 2.03
0-10 cm 1.67 131 127 -1.17 047 248
11-20 cm 0.17 0.87 0.19 -0.50 0.62 0.81
21-30 cm -033 138 0.24 -1.00 0.80 0.26
Spartina
Total community -1.50 1.54 0.98 -2.67 130 2.05
ground 233 152 153 -1.67 154 1.08
0-40 cm -0.67 0.72 0.94 -0.33 0.64 051
41-80 cm 0.17 054 0.31 -1.00 0.73 1.37
81-120 cm 0.83 0.83 1.00 -1.00 1.17 0.85

1 Negative value denotes previous week contained greater number of species
2t = 2.5
eritical
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by the tide. To verify these findings, six pairs of successive noninun-
dated weeks from all seasons were chosen and a QS computed to
compare with.the inundated weeks (Table 3, QS No Tide). These
values are similar to the values obtained when using the inundated
weeks, indicating a high degree of interweek similarity in species com-
position regardless of water level and reinforcing previous conclusions
that inundation has little effect upon species composition.

Finally, the possibility of trophic rearrangement in response to in-
undation was considered. Insect species were grouped into three trophic
categories (herbivore, saprovore or predator) and the number of species
in each category compared during inundated and noninundated weeks
(Table 4). There were no significant trophic differences during inun-
dation in either community, again suggesting little effect of inundation
upon salt-marsh insect community structure [x* = 1.38 (herbivores),
0.09 (predators) and 2.13 (saprovores) for Salicornia and x* = 0.20
(herbivores), 0.00 (predators) and 0.22 (saprovores) for Spartina;
p > 0.1].

Discussion

Exposure of marsh communities to periodic tidal inundation causes
temporary turnover in some vertebrate species, but, as shown by this
study, has little effect upon the insect component. Inundation does not
alter the number of species represented by adults, vertical stratification
within the vegetative matrix, taxonomic composition of the community
or the trophic structure of the community. High similarity (QS) be-
tween weeks of inundation and noninundation is comparable to the
similarity between consecutive weeks of noninundation, reflecting a
low species turnover between weeks. Insects did not move up the vege-
tation ahead of the advancing tide in either community but remained

TasLE 2.—Taxonomic composition of insect fauna in Salicornia and Spar-
tina marshes, comparing inundated and noninundated samples. The noninun-
dated period used for this comparison was the sample week immediately
preceding the inundation

Salicornia Spartina
Non- Non-
inundated Inundated inundated Inundated

Order no. of no. of no. of no. of

species species species species
Diptera 12 13 6 8
Coleoptera 6 9 4 6
Thysanoptera 2 3 3 3
Hymenoptera 2 3 3 3
Hemiptera 0 0 2 2
Homoptera 1 2 0 0
Psocoptera 1 2 1 1
Lepidoptera 1 1 1 1
Collembola 1 1 1 1
Neuroptera 0 1 0 0
TOTAL 26 35 21 25
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in place on the vegetation during inundation; dry Spartina tops did
not serve as a refuge during inundation. These findings prompt rejec-
tion of the hypothesis that adult insects are unable to withstand inun-
dation and reinforce previous conclusions (Cameron, 1972) that salt-
marsh insect populations are predominately controlled by biological,
especially productional, factors rather than physical factors.

Why should insects remain during inundation? Since many marsh
insect species are seasonal, remaining as adults in the marsh for only a
few weeks during the year, partitioning periodic movement out of the
marsh into strict time budgets while maximizing developmental, repro-
ductive and dispersal functions would be difficult. Timing of these
ecological events is critical since summer’s inundating tides occur
during peak primary and secondary production (relevant to herbivores
and their predators), and winter inundating tides occur during peak
litter accumulation (important to saprovores and their predators)
(Gameron, 1972). Alternatively, insects may remain during inundation
because sedentary insects are less conspicuous to predators than are
actively moving ones, and periodic movements out of the marsh may
=xpose the insects to avian predation. Another possibility, that insects
may be submerged when inactive and have no recourse but to remain
firmly attached to avoid being swept away by the tide, is considered.

Adult aquatic insects employ numerous behavioral and morphologi-
cal mechanisms to secure oxygen underwater (Roeder, 1953; Wiggles-
worth, 1965). Field and laboratory observations during this study of
adult Diptera, Coleoptera and Hymenoptera clinging to submerged
marsh vegetation detected a covering of air bubbles. With this or some
similar mechanism, short periods of submergence during routine tidal
cycles do not represent insurmountable obstacles to the survival of air-
breathing marsh insects nor do they affect vertical dispersion patterns

TaBLE 3.—Mean species overlap computed with Sorensen’s Quotient of
Sn'mlarlty (QS) for the total unstratified community and for the community
divided into vertical strata. Comparison between (1) weeks of inundation and
the prior weeks of noninundation (QS Tide) and (2) successive weeks of non-
inundation (QS No Tide) are given

Salicornia
Strata QS Tide QS No Tide
ground 0.42 0.46
0-10 cm 0.61 0.65
11-20 cm 0.75 0.73
21-30 cm 0.61 0.63
Total community 0.58 0.62
Spartina
Strata QS Tide QS No Tide
ground 0.53 0.49
0-40 cm 0.73 0.66
41-80 cm 0.71 0.68
81-120 cm 0.73 0.80

Total community 0.63 0.66
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within marsh vegetation.

These findings agree with earlier observations (Arndt, 1914; Met-
calf and Osborn, 1920; Saunders, 1928; Brown, 1948), but differ from
laboratory findings of Davis and Gray (1966). One explanation may
be that Davis and Gray’s experiments were conducted at 22-25 C, while
my sampling was during early morning hours when temperatures in
the marsh were much lower than 20 C, except during June 1969 (Cam-
eron, 1972). Seemingly, Davis and Gray and I sampled during differ-
ent environmental conditions, and both observations of the insect’s
response to inundation may be correct. I sampled when the insects
were inactive (early cool morning) because of low body temperature
and darkness (most salt-marsh insects are diurnal). Low temperatures
suppress the insect’s metabolic rate and increase the chance of survival
during inundation on the limited amount of oxygen available in sur-
face bubbles. Davis and Gray (1966), on the other hand, performed
their experiments with active insects whose response was to avoid in-
undation. It may be possible that if I sampled during late afternoon
tides when the temperature was higher and the insects active that I
would have obtained results similar to Davis and Gray (L. Davis, pers.
comm.). In short, Davis and Gray and I sampled both ends of a
response spectrum: when insects are inactive, their response to tidal
inundation is to cling to vegetation to avoid being swept away, but
when they are active, their response is to seek a dry refuge to avoid
submergence.

Most collection techniques select particular types of insects (e.g.,
flying forms, ground forms) or are most useful in particular plant
growth forms (e.g., grasses). Clip-quadrat efficiency was increased by
sampling during the cool, foggy early morning hours when dew was
present on the vegetation. Insects are rarely active before late morn-
ing and thus the chance of losing active insects while taking samples
was markedly lessened. The suitability of the clip-quadrat as an ento-
mological sampling procedure was determined by comparing the
samples with another insect study in a marsh at the S end of San

TaBLE 4.—Trophic composition of insect fauna in Salicornia and Spartina
marshes, comparing inundated and noninundated samples. The noninundated
period used for this comparison was the sample week immediately preceding the
inundation

Salicornia Spartina
Noninundated Inundated Noninundated Inundated

Trophic no. of no. of no. of no. of
level species species species species
Herbivore 10 16 9 11
Saprovore 8 15 8 10
Predator 5 6 5 5

TOTAL? 23 37 22 26

1 Species totals are inaccurate with respect to the total number of species
collected since some species are represented in several trophic levels. Correct
totals in Table 2
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Francisco Bay, which utilized a variety of sampling methods, including
sweet nets,- aerial traps, blacklight traps and soil cores (Lane, 1969).
Clip-quadrats sampled groups which were either not sampled by Lane
or were sampled in lower proportions (i.e., ground-dwelling Coleop-
tera, flightless Thysanura and litter-dwelling Psocoptera). In addition,
Sorensen’s Quotient of Similarity computed for species composition
revealed a high overlap between these studies, supporting the reliability
of the clip-quadrat (QS = 0.62 at family level and QS = 0.51 at
species level). Lower similarities at the species level may be the result
of differences in environmental factors and habitats between the two
areas. The S end of the Bay is more saline, has a smaller tidal ampli-
tude, and is much warmer than the N end. In addition, much of the
original marsh flora and fauna is being replaced by species adapted to
disturbance by reclamation and the establishment of salt-evaporating
ponds, while marshes at the N end of the Bay are relatively undisturbed.

Acknowledgments—I thank L. R. Lawlor, University of Texas, and R. L.
Rudd, G. W. Salt and K. E. F. Watt, University of California, Davis, for help-
ful suggestions, and E. H. Bryant, N. Fotheringham and D. L. Jameson, Uni-
versity of Houston, for critically reading the manuscript and suggesting improve-
ments. The University of Houston Computer Center provided computer time
for statistical analyses.

LiteraTURE CITED

ArnpT, C. H. 1914. Some insects of the between tides zone. Proc. Indiana
Acad. Sci., 24:323-336.

Brown, E. S. 1948. The ecology of Saldidae (Hemiptera-Heteroptera) inhab-
iting a salt marsh, with observations on the evolution of aquatic habits in
insects. J. Anim. Ecol., 17:180-188.

CaMERON, G. N. 1972. Analysis of insect trophic diversity in two salt marsh
communities. Ecology, 53:58-73.

CHAPMAN, V. J. 1939. Studies in salt-marsh ecology, IV and V. [. Ecol., 27:

160-201.

. 1940. Studies in salt-marsh ecology, VI and VII. Comparison with
marshes on the east coast of North America. Ibid., 28:118-152.

Davis, L. V. anp 1. E. Gray. 1966. Zonal and seasonal distribution of insects
in North Carolina salt marshes. Ecol. Monogr., 36:275-295.

Dory, M. S. 1946. Critical tide factors that are correlated with the vertical
distribution of marine algae and other organisms along the Pacific Coast.
Ecology, 27:315-328.

Evans, J. W. 1972, Tidal growth increments in the cockle Clinocardium nut-
talli. Science, 176:416-417.

FisLER, G. F. 1961. Behavior of salt-marsh Microtus during winter high tides.
J. Mammal., 42:37-43.

Hapaway, H. C. anp J. R. Newman. 1971. Differential responses of five
species of salt marsh mammals to inundation. Ibid., 52:818-20.

HarringTON, W. W., Jr. aAND E. S. HarriNgTON. 1961. Food selection among

fishes invading a high subtropical salt marsh: from onset of flooding
through the progress of a mosquito brood. Ecology, 42:646-666.

Hagrris, V. T. 1953. Ecological relationships of meadow voles and rice rats in

tidal marshes. J. Mammal., 34:479-487.




1976 CAMERON: TipEs AND INsEcT COMMUNITIES 287

Hinpe, H. P. 1954. The vertical distribution of salt marsh phanerogams in
relation to tide levels. Ecol. Monogr., 24:209-225.

JounsTon, R. F. 1955. Influence of winter high tides on two populations of
salt marsh song sparrows. Condor, 57:308-309.

. 1957. Adaptation of salt marsh mammals to high tides. J. Mammal.,
38:529-531.

LaNE, R. S. 1969. The insect fauna of a coastal salt marsh. M.A. Thesis, San
Francisco State College. 78 p.

MgeTrcéary, Z. P. anp H, OsBorn. 1920. Some observations on insects of the
between tide zone of the North Carolina coast. Ann. Entomol. Soc. Am.,
13:108-121.

MiLLEr, W. R. anD F. E. EcLEr. 1950. Vegetation of the Wequetequock-
Pawcatuk tide-marshes, Connecticut. Ecol. Monogr., 20:143-172.
Nixon, S. A. anp C. A. Oviatt. 1973. Ecology of a New England salt marsh.

Ibid., 43: 463-498.

PrLucer, W. aND D. NEUMANN. 1971. The control of tidal rhythms of emer-
gence by an hourglass mechanism. Oecologia, 7:262-266.

ReprieLD, A. C. 1972. Development of a New England salt marsh. Ecol.
Monogr., 42:201-237.

RoEeper, K. D. (£p.). 1953. Insect physiology. John Wiley and Sons, Inc.,
New York. 1100 p.

Saunpers, L. G. 1928. Some marine insects of the Pacific Coast of Canada.
Ann. Entomol. Soc. Am., 21:521-545.

SuEPPE, W. 1972. The annual cycle of small mammal populations on a Zam-
bian floodplain. J. Mammal., 53:445-460.

—— =+ AND T. OsBorNE. 1971. Patterns of use of a flood plain by Zambian
mammals. Ecol. Monogr., 41:179-205.

Suaurg, D. J. 1971. Tidal flooding dynamics: Its influence on small mammals
in barrier beach marshes. Am. Midl. Nat., 85:36-44.

SisLEY, C. G. 1955. The responses of salt-marsh birds to extremely high tides.
Condor, 57:241-242.

Sokar, R. R. anp F. J. Roxrr. 1969. Biometry. W. H. Freeman and Co., San
Francisco. 776 p.

Soutawoop, T. R. E. 1966. Ecological methods. Methuen and Co., Ltd.,
London. 391 p.

Supp, J. H. 1972. The distribution of spiders at Spurn Head (E. Yorkshire) in
relation to flooding. J. Anim. Ecol., 41:63-70.

TeAL, J. AND M. TeAL. 1969. Life and death of the salt marsh. Little Brown
and Co., Boston. 278 p.

WiceLESWORTH, V. B. 1965. The principles of insect physiology. Methuen and
Co., Ltd., London. 741 p.

SusmITTED 5 AucusT 1974 AcCEPTED 26 SEPTEMBER 1974



	Article Contents
	p. 279
	p. 280
	p. 281
	p. 282
	p. 283
	p. 284
	p. 285
	p. 286
	p. 287

	Issue Table of Contents
	American Midland Naturalist, Vol. 95, No. 2 (Apr., 1976), pp. 257-512
	Front Matter
	Small Mammal Succession on Strip-mined Land in Vigo County, Indiana [pp. 257-267]
	Surface Film Locomotion by the Water Strider, Gerris remigis Say [pp. 268-278]
	Do Tides Affect Coastal Insect Communities? [pp. 279-287]
	Changes in Arthropod Abundance in a Highland Costa Rican Forest [pp. 288-298]
	Sexual Activity of the Gypsy Moth [pp. 299-312]
	Aquatic Invertebrate Abundance in Relation to Changing Marsh Vegetation [pp. 313-322]
	The Ecology of Craspedacusta sowerbii Lankester, a Freshwater Hydrozoan [pp. 323-336]
	The Evolutionary Modification of Dispersal in Naiadacarus arboricola Fashing, a Mite Restricted to Water-filled Treeholes (Acarina: Acaridae) [pp. 337-346]
	Some Mechanisms of Natural Regulation of Parasitic Helminth Populations [pp. 347-360]
	Feeding Behavior and Developmental, Seasonal and Diel Changes in the Food of the Silverjaw Minnow, Ericymba buccata Cope [pp. 361-376]
	Cytogenetic Patterns of Evolutionary Divergence in the Mimulus glabratus Complex [pp. 377-389]
	Pollen Sequence from the Columbia Basin, Washington: Reappraisal of Postglacial Vegetation [pp. 390-397]
	A Comparison of Seasonal Primary Production of Mojave Desert Shrubs During Wet and Dry Years [pp. 398-405]
	Toxicity of Artemisia californica to Four Associated Herb Species [pp. 406-421]
	Regeneration in Quercus lobata Savannas, Santa Lucia Mountains, California [pp. 422-435]
	Home Range, Movements, and Diel Activity of the Eastern Mole, Scalopus aquaticus [pp. 436-445]
	Notes and Discussion
	The Effect of Enhanced CO Levels andd Variable Light intensities on Net photosynthesis in Competing Mountain Trees [pp. 446-450]
	CO Compensation Point for Photosynthesis: Effect of Variable CO and Soil Moisture Levels [pp. 450-455]
	Foraging Behavior of Chihuahuan Desert Harvester Ants [pp. 455-458]
	Abundance and Diversity of Benthos During the Spring Waterfowl Migration [pp. 459-462]
	Fox Squirrels Feeding on Buckeye Pith [pp. 462-464]
	Comparative Ecology of Three Zapada Species of Mill Creek, Wasatch Mountains, Utah (Plecoptera: Nemouridae) [pp. 464-471]
	Dispersal and Movement of Newly Transformed Green Frogs, Rana clamitans [pp. 471-474]
	Effect of Defoliation on Fruit-bearing Branches of the Kentucky Coffee Tree, Gymnoclaudus dioicus (Leguminosae) [pp. 474-478]
	The Spottail Darter, Etheostoma squamiceps (Osteichthyes, Percidae), in Indiana [pp. 478-479]
	Quantitative Determination of Chironomid Emergence from Enclosed Channels in a Small Lotic Ecosystem [pp. 479-485]
	Effects of Temperature on the Surface Activity of the Desert Leaf-cutter Ant, Acromyrmex versicolor Versicolor (Pergande) (Hymenoptera: Formicidae) [pp. 485-491]
	Selectivity of an Artificial Filter Feeder and Suction Feeders on Calanoid Copepods [pp. 491-493]
	Nest-site Preferences and Nesting Success of the Starling Sturnus vulgaris L. in Marginal and Favorable Habitats in Mississauga, Ontario, Canada [pp. 493-499]
	Effects of Density on Seed Size and Biochemical Composition [pp. 499-507]
	The Diet of Dipodomys merriami vulcani [pp. 507-512]

	Erratum: Variation in Populations of Lymnaea palustris in Upstate New York [p. 512]
	Back Matter



