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emporary woodland ponds are relatively small, shallow wetlands

that retain water for a few weeks to several months out of the

year. Most of the energy flow within these habitats stems from mi-

crobial degradation of leaf litter deposited by surrounding trees
and shrubs. The composition of the invertebrate community found within
any particular pond is related to its size and the duration of flooding. The
invertebrates that inhabit these ponds show varying degrees of adaptation
to ephemeral habitats, but nearly all are characterized by rapid larval
growth. Medium- to large-sized ponds exhibit a predictable seasonal suc-
cession of species, a pattern that has evolved in response to both physical
constraints and biotic interactions. The early-season inhabitants are partic-
ularly well adapted to the ephemeral habitat and cold temperatures charac-
teristic of early spring in Michigan. These animals feed primarily on the
abundant microbial community present on the leaf litter and within the wa-
ter column, and avoid heavy predation pressure by beginning development
before the appearance of most of the predators. Most of the ponds’ inhabi-
tants that are not specifically adapted to ephemeral habitars are predarors.
These are generally insects that overwinter in permanent water and re-
colonize temporary ponds each spring. By consuming a high-quality food
source such as animal protein, these migrants are able to develop rapidly
and thus ensure completion of the larval phase before the ponds dry.
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| 286 TEMPORARY WOODLAND PONDS IN MICHIGAN

oviposit in large temporary ponds in April and May, and the voracious pred-
atory larvae can become quite abundant in some ponds by mid-May. Phantom
m¥dge larvae (Chaoborus) also become abundant at this time. Many of these
migrants are opportunistic and are not particularly adapted for ephemeral
habitats, except that they are all characterized by rapid larval development
There are few changes in the invertebrate faunal composition in June Wi.th
the advent of warm temperatures and less precipitation, the surface aréa and
yolume Qf_these ponds begin to shrink, with concomitant increases in organ-
ism densities and nutrient concentrations. As the abundant predatory species
increase their body sizes, shifts in their preferred prey may drastically alter
relative abundances within the faunal assemblages. The general paucity of
nonpredgtory macroinvertebrates at this time of the year means that predators
are feeding on predators, and foodwebs may become very complex
Adult Sympetrum dragonflies and Lesres damselflies begin emeréing from
the ponds by July I, and Anax dragonflies emerge in mid- to late July from
the larger ponds. By mid-July most of the medium-sized ponds have dried
apd the larger ponds have shrunk to only a small fraction of their maximum
size. By this time almost all insects have completed larval development and
emerged as adults, and cladocerans have produced abundant epiphia, or
Firought—reswtant eggs. The active invertebrate fauna at this time is charaéter-
ized by adult insects (primarily bugs and beetles) capable of flying to
pe.rlman;m water, as well as other invertebrates that can burrow into the moist
(s)(;raix;dgr form a drought-resistant stage (e.g., gastropods, planarians, and
Even the largest of the temporary woodland ponds usually lose all surface
water by early August. Undoubtedly there are some insect larvae that;do not
complete development by this time and perish. In drought years even insects
that are well adapted to ephemeral habitats may become stranded. In most
years, however, insects that perish from desiccation are either typ.ical tem-
porary pond migrants (i.e., Group 4 of Wiggins et al. 1980) that failed to
corpplete development, or they represent oviposition mistakes by insects more
typical o_f permanent water. An example of this latter category is the presence
of early-instar dragonfly larvae of the genera Libellula and Aeshna in some
of Fhe larger temporary ponds during the summer. These insects are typical
‘ residents of permanent ponds, and most species require at least one year for
larval development. In years of high precipitation in which some of the usu-
ally temporary ponds do not dry, these insects may survive and complete
de.velopment the following year. The usual consequence of such oviposli)tion
mistakes, however, is complete larval mortality (Higgins, unpublished data).

' SEASONAL PATTERNS—AESTIVAL PHASE

J iin most years heavy prt'ecipitation during the mid- to late summer can cause
'dry (or nearly dry) basins to flood again, triggering another cycle of inver-

it e
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tebrate activity. The surface area of flooding during this aestival phase is
generally less than half that of the much more extensive vernal phase. A few
invertebrates appear to be specifically adapted to this later period of flooding.
The floodwater mosquitoes Aedes vexans and Aedes trivittatus, as well as
mosquitoes in the genus Psorophora, are particularly well adapted to summer
rain pools. Although some eggs may hatch in the spring along with other
species of Aedes, most A. vexans and A. trivittatus eggs, and all those of
Psorophora, hatch following reflooding in the summer (Carpenter and La-
Casse 1955). Unlike spring species of Aedes that oviposit primarily near the
margins of the vernal extent of flooding, A. vexans also oviposits extensively
in the interior portions of pond basins (Enfield and Pritchard 1977), a strategy
that ensures hatching during summer flood events. Development is extremely
rapid, with first-instars appearing within a few hours of flooding and adults
emerging in less than a week. Densities of A. vexans larvae can reach several
hundred per liter in these habitats (Dixon and Brust 1972), and the large
number of biting adult females that emerge make this species a serious pest
of humans during the summer (Carpenter and LaCasse 1955, Wood et al.
1979). Another species of mosquito, Psorophora ciliata, which may have
coevolved with A. vexans, is predatory in larval instars II-1V, feeding pri-
marily on A. vexans larvae (Breeland et al. 1961).

Other inhabitants of these aestival pools are either permanent residents
(e.g., small crustaceans, planarians, gastropods) or opportunistic migrants
(e.g., Anopheles mosquitoes, several species of beetles and bugs). This latter
group includes adult insects of species typical of more permanent water, some
of which may oviposit and attempt to complete an additional generation in
these summer rain pools. While some of these migrants appear within one or
two days of flooding (e.g., Anopheles mosquitoes), predatory beetle larvae
(e.g., Acilius), as well as most other predators, do not appear until several
days after inundation. This lag time between inundation and the appearance
of predators allows the rapidly developing mosquito larvae to feed and grow
relatively unmolested. Drought-resistant eggs deposited by insects and other
arthropods that are well adapted to temporary ponds do not hatch at this time
because they require a cold period followed by a warm-up in order to break
their diapause (Horsefall and Fowler 1961, Wiggins et al. 1980). In addition,
most of these eggs are deposited near the margins of the vernal extent of
flooding and are not inundated by summer flood events.

The aestival phase is usually very brief, with surface water persisting for
only a month or less. Animals that are specifically adapted to aestival pools,
such as the mosquito species listed above, must be capable of extremely rapid
development for this life history strategy to be successful. This strategy can
be viewed as an evolutionary trade-off between risks and benefits. Although
there is the risk of desiccation before larval development is completed, the
larvae occupy a warm, nutrient-rich, and relatively predator-free environment
in which development can occur rapidly.
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TROPHIC RELATIONSHIPS

Temporary woodland ponds are detritus-based, heterotrophic habitats, with
energy flow stemming predominantly from the leaf litter that falls into the
basins. Emergent, submergent, and floating vascular plants are not common
and thus contribute little to the overall energy budget. Although primary pro-
duction in the form of algal photosynthesis takes place, the intense shading
by the surrounding woods in these ponds reduces its input compared with
more open bodies of water, particularly later in the spring (Moore 1970).
Algal production that occurs in the early spring prior to tree leaf-out, however,
may provide a significant food source for filter-feeding organisms (e.g., cla-
docerans).

Leaf litter that falls into the dry basins in the autumn is initially colonized
by terrestrial microbes (principally fungi) that begin the process of decom-
position. Barlocher et al. (1978) examined protein and fungal biomass levels
in experimental leaf packs placed in vernal pools in Ontario. Higher protein
levels (corresponding to higher levels of fungal biomass) were observed in
leaf packs that were exposed to terrestrial microbes and aerobic decomposi-
tion compared with leaf packs that were submerged in water for the same
period of time. All protein levels declined rapidly, however, following sub-
mergence in the spring. The authors concluded that the protein-rich detritus
of temporary ponds supports the required rapid development of animals that
inhabit these ephemeral environments (Barlocher et al. 1973).

The rapid decline in leaf litter protein levels following submergence ob-
served by these researchers suggests, however, that there is more than just
high-protein detritus supporting temporary pond fauna through larval
development. The relative paucity of shredding detritivores in these habitats
(Fig. 12.3), compared with many lotic situations, also suggests that other
trophic pathways may be more important than direct feeding on leaf litter.
Indeed, the early spring fauna is characterized by a diverse filter-feeding guild
comprised of cladocerans, ostracods, fairy shrimp, and—at least part-time—
mosquito larvae. Larvae of Aedes mosquitoes, in addition to filtering micro-
organisms and detritus from the water column, are also known to graze bio-
film from the surfaces of leaf litter (Merritt et al. 1992). These larvae can
apparently grow as well filtering pond water alone as they can when provided
with detritus on which to graze. In a field experiment conducted in 1996, we
examined the growth of 30 first-instar mosquito larvae (Aedes stimulans) in
each of 15 microcosms provisioned with either conditioned leaves, noncon-
ditioned leaves, or no leaves. No difference in time to adult emergence or
adult weight was observed among the three treatments (Table 12.2; see also
Walker and Merritt [1988] for similar results with treehole mosquitoes). These
results suggest an abundance of planktonic food sources of importance to the
trophic hierarchy at least equal to that of the enriched leaf detritus. But are
the two related?

TROPHIC RELATIONSHIPS 289

i1 Scrapers
.| Shredders
.| Filterers
Gatherers
|| Predators

43.2%

n=139

Fig. 12.3. Functional feeding group composition (by genera) of invertebrates in tem-
porary woodland ponds.

It has been demonstrated that the degree of microbial colonization of leaf
litter plays an important role in subsequent growth rates of invertebrate de-
tritivores in both terrestrial and aquatic habitats (e.g., Barlocher et al. 1978,
Suberkropp et al. 1983, Lawson et al. 1984, Merritt et al. 1984, Arsuffi and
Suberkropp 1989, Walker et al. 1997). The dry phase of temporary ponds
appears to be the most important period of microbial colonization of leaf
litter, due to the prevalence of terrestrial fungi as the major decomposers
(Barlocher et al. 1978). This microbial colonization process begins as soon
as water levels begin to decline in the late spring or summer. As a pond loses
surface water and shrinks in size, the leached-out and highly recalcitrant leaf
detritus from the previous year becomes exposed and the moist surfaces are
rapidly colonized by a host of fungi, bacteria, and protozoa. The celluloses
and hemicelluloses contained in the leaves are principally exploited by ter-
restrial fungi, which depolymerize these complex compounds via cellulolytic
enzymes into simpler carbohydrates (Ljungdahl and Eriksson 1985). Terres-
trial fungi, principally white-rot fungi, are also important in breaking down
lignin, which binds to the celluloses and hemicelluloses in leaves (Ljungdahl
and Eriksson 1985). Although some lignin degradation occurs during the
aquatic phase (Chamier 1985), the process is slow compared to that which
occurs during the terrestrial phase, and many of the celluloses and hemicel-
luloses remain bound and unavailable for enzymatic degradation (Webster and
Benfield 1986). The leaf surfaces are also colonized during this terrestrial



TABLE 12.2. Growth of First-Instar Aedes stimulans Mosquito Larvae in Field Microcosms Supplied with no Leaves or with 3 g

(Initial Dry Mass) of Conditioned or Unconditioned Leaves, Wild Ginger Pond, Lansing, Michigan, 1996
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phase by bacteria and their protozoan predators (Bamforth 1977), many of
which secrete extracellular compounds (Nalewajko 1977). A similar coloni-
zation occurs on leaves that fall into the dry basins in the autumn. In this
way the complex structure of the leaves is slowly converted into microbial
biomass.

It is suggested here that when the ponds reflood in the spring to their
maximum size (and when they partially reflood in the summer to form aestival
ponds), the heavily enriched surfaces of the leaf detritus provide a nutrient
broth in the form of dissolved and fine particulate organic matter stemming
from the inundated fungal biomass, byproducts of lignin degradation (Kirk
1984), partially degraded celluloses, and the biomass and extracellular com-
pounds of bacteria and protozoa. These dissolved substances, principally dis-
solved organic carbons and nitrogens (DOC and DON), are used by
planktonic and attached heterotrophic bacteria, and a microbial bloom ensues.
At this same time, algal growth may also be stimulated from DON and the
sunlight available before trees leaf out in the spring. The resulting growth in
the microbial community in turn supports the vast filter-feeding guild char-
acteristic of the early spring fauna of temporary woodland ponds. In addition,
following inundation, aquatic hyphomycetes readily colonize and degrade the
dead terrestrial fungal cells (which contain little or no lignin), resulting in a
substantially higher biomass of hyphomycetes and associated microorganisms
than would be possible with the recalcitrant leaf detritus alone (Chamier
1985). This helps support invertebrate scrapers and gathering collectors as
well as shredding detritivores.

Trophic relationships within temporary woodland ponds are closely tied to
the seasonal succession and adaptational strategies (Table 12.1) of the asso-
ciated fauna. Animals with drought-resistant stages may begin/resume de-
velopment soon after the ponds reflood, triggered by physiochemical cues
within the water (e.g., Horsefall 1956, Horsefall and Fowler 1961). The or-
ganisms that initially appear early in the spring are generally those that take
advantage of the microbially enriched water and detritus, i.e., filter-feeders,
gathering collectors (e.g., certain chironomid midge larvae), and detritivorous
shredders (primarily limnephilid caddisflies). These species can apparently
tolerate the low temperatures and frequent ice cover characteristic of this time
of the year. Even though growth is slower in this cold environment (Atkinson
1994), development occurs in a relatively nutrient-rich and predator-free en-
vironment. This strategy of beginning development early in the spring may
have initially evolved as an adaptation for survival in small, ephemeral hab-
itats. A reinforcing factor may have been predator avoidance in time. By
hatching early, organisms such as mosquito larvae and fairy shrimp—animals
with few defensive mechanisms—feed and grow relatively unmolested by
predators. The majority of predators do not appear until weeks later. By the
time most of the predatory larvae of the odonates and beetles make their
appearance, these potential prey species are generally too large for the small,
early-instar predators to catch effectively. Insects that develop in cold tem-
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peratures reach larger body size than those reared at higher temperatures
(Brust 1967, Atkinson 1994), and the larvae of spring species of Aedes are
some of the largest in this genus (Wood et al. 1979). Thus, the early spring
inhabitants of temporary ponds may escape predation in time by beginning
development early and achieving larger body sizes than their potential pred-
ators. As previously stated, only some dytiscid beetles in the genus Agabus
that overwinter in the egg stage have apparently evolved to take advantage
of the abundant prey available early in the spring. By beginning development
early in the spring, larvae of these beetles are able to exploit even small ponds
of only a few weeks’ duration, habitats unavailable for other beetle species
that appear later in the season.

Although there are relatively few predators carly in the spring, the number
of predatory species increases substantially as the water temperature rises.
Predator diversity reaches its peak in mid-May, with predators often becoming
the dominant functional group within the ponds at this time. Most predators
in temporary woodland ponds can be classified as either opportunistic mi-
grants (Group 4 of Wiggins et al. 1980) or cyclic colonizers (Batzer and
Wissinger 1996, Wissinger 1997), i.e., they generally lack specific adaptations
to survive drought and overwinter in permanent-water habitats. Figure 12.4
illustrates that over half the predatory genera found in these ponds belong to
this life history category. More striking, perhaps, is the very high proportion
of predators within the Group 4 category itself (Fig. 12.5). The dominance
of predators in this category is not terribly surprising given that animals in
this group must recolonize ponds every year, breed, and complete larval de-

Group 1
Group 2
Group 3

Group 4

55.0%

n=60

Fig. 12.4. Predator composition by life history strategy in temporary woodland ponds.
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Fig. 12.5. Functional feeding group composition for Wiggins et al. (1980) Group 4
life history strategy.

velopment before the ponds dry. The consumption of animal protein allows
the larvae of these relatively late arrivals to develop very quickly, the assim-
ilation efficiency of predators being highest among trophic groups (Wotton
1994). Relatively rapid development is a characteristic of most animals breed-
ing in ephemeral habitats, particularly those organisms that lack adaptations
for coping with the dry phase.

Conversely, this probably explains the total lack of shredding detritivores
exhibiting a Group 4 strategy (Fig. 12.5). Although the leaf litter of temporary
ponds may be enriched by the microbial processes described above, it is still
a relatively poor food source, and detritivorous animals must consume large
quantities to maintain growth. One of the few shredding insects, the caddisfly
Limnephilus indivisus, begins development early in the spring—sometimes
hatching the previous fall in autumnal ponds (Wiggins 1973)—a strategy
which helps to ensure that the 8-10 week development will be completed
before the pond dries. For a migrant species that arrives at a pond later in the
spring, a feeding strategy based on consuming leaf detritus would be risky;
growth would be slow and there would often be insufficient time to complete
development. Interestingly, limnephilid caddisfly larvae in temporary ponds
are known to be occasionally cannibalistic (Wissinger et al. 1996) and have
been reported to be infrequent predators of mosquito larvae (Downe and West
1954, Baldwin et al. 1955). Cargill et al. (1985) demonstrated the importance
of lipids in the diet of final-instar shredding caddisflies. The accumulation of
triglyceride reserves during the last larval instar is apparently essential for
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completion of the larval stage and subsequent adult reproduction (Cargill et
al. 1985). Although lipids are available in aquatic hyphomycete fungi (Cargill
et al. 1985), incidences of cannibalism and predation in otherwise detritivo-
rous insects may be a means of quickly acquiring lipids as well as protein.
This diet supplementation of protein and essential lipids may provide a boost
in growth rates and ensure survival through the larval period (Wissinger et
al. 1996).

CONCLUSIONS

In summary, temporary woodland ponds are small, microbially driven wet-
lands that may be flooded from a few weeks to several months out of the
year. What may initially appear a harsh and uncertain habitat actually exhibits
a reasonably predictable cycle of flooding and drying, as well as a fairly
predictable seasonal succession of species. Invertebrates that are well adapted
to this ephemeral habitat have evolved within the constraints of the physical
environment and in response to community interactions (Schneider and Frost
1996, Williams 1996). Both abiotic and biotic factors appear to have shaped
the observed succession of species, with early-season, cold-adapted inhabi-
tants simultaneously taking advantage of the microbially enriched environ-
ment and minimizing predation pressure by beginning development before
most of the predators appear. Many of the insects that arrive later in the spring
are migrants with no special adaptations to the dry phase of these ponds. The
vast majority of these species are predatory in at least the larval stage, em-
ploying a trophic strategy that permits rapid growth in a shrinking environ-
ment.
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