
Case Study 3: 
Insects and Migratory Birds 

 
Prompt 3: 

Investigate the entomological requirements and opportunities associated with spring and fall bird 
migration through a diverse temperate landscape such as ChicoryLane Conservation Reserve. 
Examine which migrating bird groups depend substantially upon insects; which insects, larvae, 
and other arthropods are likely to be available during each migration period; where and when 
those food resources occur among meadows, wetlands, riparian areas, grasslands, and forests; 
and how spring and fall differ. Consider bird nutritional and physiological requirements, insect 
phenology and life cycles, vegetation and habitat structure, weather and climate effects, and 
land-management practices that could increase or inadvertently reduce useful insect resources. 
Distinguish well-established relationships from reasonable inference and conjecture, and identify 
important gaps in present knowledge. 

EIR Profile: 

Moderate branching; moderate breadth; high depth; high exploration; moderate association; high 
interdisciplinarity; high synthesis; high criticality; high reasoning visibility. 

Response: 

Prompt 3 changes the inquiry in an important way. We are no longer asking simply what insects 
occur in the Reserve, but whether the Reserve provides the right arthropod resources, in the 
right places, at the right times, for birds passing through during two physiologically 
demanding seasons. 

 



 

 

1. The basic migratory problem 

Migration alternates between periods of prolonged flight, when birds are largely fasting, and 
stopovers, when they must rest, repair, and replenish reserves for the next flight. Stopover 
therefore serves several functions beyond simply “getting something to eat”: energy 
accumulation, physiological recovery, weather avoidance, and possibly repair from muscular and 
oxidative effects of endurance flight.  

For many small migratory landbirds, especially warblers, vireos, kinglets, flycatchers, 
thrushes, and some sparrows, arthropods remain important during migration. Caterpillars, flies, 
beetles, spiders, true bugs, ants, wasps and other relatively soft-bodied arthropods provide 
protein, essential amino acids, lipids, micronutrients, and other compounds required not simply 
for energy but for maintaining and rebuilding tissues. 

There is good evidence that the distribution of migrating insectivorous birds during stopover is 
related to arthropod availability. A multiscale study, for example, found hardwood forest cover 



positively related to arthropod abundance and to densities of migrants in spring and of 
insectivorous migrants in autumn.  

But spring and fall are not nutritionally equivalent migrations. 

 

2. Spring: insects become particularly important 

Spring migration tends to coincide with the rapid biological awakening of the temperate 
landscape. 

As temperatures rise: 

buds open → leaves expand → herbivorous arthropods increase → predators and 
parasitoids respond → aquatic insects emerge 

For a migrating insectivore, the landscape therefore contains a moving wave of food availability. 

Forest foliage and caterpillars 

Deciduous forest is particularly important. Emerging foliage supports caterpillars and other 
herbivorous arthropods at a time when migrating birds are moving northward. 

A central Pennsylvania study is especially relevant to ChicoryLane. During late April through 
May, seven of nine transient species studied—including several warblers and Least Flycatcher—
were most abundant in mature forests, particularly mature forests with edge conditions. Food 
availability, vegetation structure, and spring phenology appeared to contribute to their habitat 
use.  

This does not mean that “forest edge is always best.” Rather, in spring an edge can combine 
mature trees with increased light, developing foliage, dense understory vegetation, and 
comparatively abundant arthropods. 

There is also experimental evidence elsewhere that migrating birds can use plant phenology itself 
as a food cue: flowering and leaf development can reliably indicate where arthropods are 
abundant.  

For management, that suggests something more subtle than preserving acreage: 

The timing and condition of vegetation may determine the actual food value of that acreage 
during migration. 

Riparian areas and wetlands: an early-season subsidy 



Aquatic insects may become disproportionately important during spring because they can 
emerge when terrestrial insect abundance is still relatively low. 

A particularly instructive study of spring migrants along Lake Huron found birds concentrated 
where large numbers of chironomid midges were emerging from aquatic habitat. American 
Redstarts and other migrants were able to gain mass while exploiting this resource.  

A very recent continental-scale analysis likewise emphasizes that emergent freshwater insects 
carry aquatic production into terrestrial food webs and provide high-quality prey for riparian 
birds.  

For ChicoryLane this makes the connection 

wetland / stream → aquatic larvae → adult insect emergence → riparian vegetation → 
migrating birds 

particularly worth recognizing. 

I would classify the broad relationship as well established. 

What would remain uncertain without local study is its magnitude at ChicoryLane: which aquatic 
taxa emerge, in what numbers, on what dates, and how heavily migrants actually exploit them. 

 

3. Spring forest structure matters at several levels 

Migrating birds do not all hunt insects in the same way. 

Some glean leaves and twigs. 

Others hawk flying insects from perches. 

Some forage close to the ground or within shrubs. 

Others concentrate in upper canopy. 

Still others probe bark or forage within leaf litter. 

Thus “arthropod abundance” alone is incomplete. What matters is: 

accessible arthropod abundance for a particular bird's foraging morphology and behavior. 

A Canada Warbler working dense understory foliage and a canopy-foraging warbler may pass 
through exactly the same forest but encounter substantially different prey environments. 



This is one reason vertical complexity—ground layer, shrubs, saplings, understory and canopy—
can matter greatly. 

A study of spring migrants in largely contiguous forest found greater arthropod abundance near 
water and associations between fine-scale forest heterogeneity and migrant use.  

So for ChicoryLane, large trees + understory + shrub patches + wet areas + canopy 
variation may be more valuable than a uniformly structured forest even if total forest acreage is 
identical. 

 

4. Meadows and grasslands during spring 

Meadow and grassland insects can also be valuable, particularly for species using open or edge 
habitats. 

Likely prey includes: 

flies and midges, beetles, spiders, leafhoppers, true bugs, early caterpillars, ants, emerging 
bees and wasps, and later grasshoppers and related Orthoptera. 

But their seasonal peak often occurs later than the earliest spring migration. 

Consequently, I would regard a claim such as 

“ChicoryLane's meadows are a major spring food source for migrating forest warblers” 

as a reasonable hypothesis requiring local evidence, not an established conclusion. 

The more defensible proposition is that meadows broaden the landscape's prey base and 
particularly benefit species that forage in open vegetation, edges, shrubs, or aerial space. 

 

5. Fall is a different nutritional landscape 

The situation changes substantially from late August through October. 

There are still abundant insects, and strongly insectivorous birds continue to use them. A recent 
DNA-metabarcoding study, for example, found Tennessee Warblers during autumn stopover 
feeding predominantly on arthropods, whereas Swainson's Thrushes consumed both arthropods 
and berry-producing plants.  

But many species that are primarily insectivorous during breeding become facultatively 
frugivorous during fall migration. 



This produces an important nutritional combination: 

fruit → rapidly acquired carbohydrates and fats 

plus 

arthropods → protein and other nutrients 

Classic feeding studies and field observations indicate that mixed fruit-and-insect diets can 
support substantial migratory mass gain, and fruit consumption becomes remarkably widespread 
among autumn migrants.  

This connects directly with your earlier inquiry about ChicoryLane's berry-producing shrubs. 

 

6. Why insects may remain important even when berries are abundant 

Migration is often described as an energetic problem, which naturally emphasizes fat. 

But birds are not merely fuel tanks. 

Long-distance flight involves profound changes in body composition. Birds mobilize fat heavily, 
but proteins and organs can also be altered during migration. Stopover therefore involves 
rebuilding as well as refueling. 

Protein-rich arthropods may be particularly useful for that reason. 

Thus I would characterize the following as strongly biologically plausible and broadly 
supported: 

A landscape that provides both abundant fruits and abundant arthropods may offer migrants a 
nutritionally broader stopover environment than one providing either resource alone. 

The stronger claim— 

“Birds deliberately combine particular insects with particular berries to achieve a specific 
nutrient ratio”— 

would presently be conjectural for most wild species and locations. 

That distinction is exactly the kind of boundary that the high-criticality EIR setting should 
expose. 

 



7. Oxidative stress adds another dimension 

Long migratory flights greatly increase metabolic activity and reactive-species production. 
Migratory birds respond through endogenous antioxidant systems as well as antioxidants 
obtained from food. Flight can be associated with oxidative damage to lipids and proteins, 
although responses vary among species, individuals and circumstances.  

This produces an especially interesting bridge between your insect and berry inquiries. 

Dietary antioxidants are commonly associated with fruits, particularly anthocyanins and other 
phytochemicals. But insects can also contribute antioxidants and micronutrients. The review 
literature specifically notes insects among potential dietary antioxidant sources for migrating 
birds, although spring migration is considerably less studied in this respect.  

I would therefore resist a simple dichotomy: 

berries = antioxidants 
insects = protein 

Both foods are chemically more complicated. 

Still, for land management the simplified distinction may remain useful as a first approximation: 

fruit-rich fall habitat provides concentrated fuel and phytochemicals 

while 

arthropod-rich habitat provides protein-rich and nutritionally diverse animal food. 

 

8. Fall ecotopes at ChicoryLane 

By September, the relative contribution of the different ecotopes may look something like this. 

Successional shrub habitat and forest edges 

Potentially extremely valuable because they can combine: 

fruiting shrubs + insects on foliage + aerial insects + dense protective cover. 

Central Pennsylvania research found autumn migrants broadly distributed among forest habitats 
but often particularly abundant in edge-dominated forest; fruit availability was one important 
component of habitat quality.  



This is especially relevant to a Reserve containing native fruiting shrubs interspersed with forest 
and meadow. 

Mature forest 

Still highly important for insectivorous migrants. 

Large deciduous trees provide enormous leaf area, bark surfaces, spiders, caterpillars, beetles and 
other prey. Recent broad-scale radar research found deciduous forest the most important land-
cover type associated with migration stopover hotspots in both spring and autumn across 
the eastern United States. Interestingly, only about 17% of identified hotspots were hotspots in 
both seasons, reinforcing the idea that spring and fall landscapes function differently.  

Meadow and grassland 

By late summer and early autumn these habitats can support large numbers of: 

grasshoppers 
crickets 
katydids 
leafhoppers 
beetles 
spiders 
moths and larvae 
flies. 

They may therefore be particularly valuable for birds using ground, low-vegetation, or open-air 
prey. 

Their contribution to particular transient species at ChicoryLane remains something that direct 
observation could test. 

Wetlands and riparian areas 

Aquatic emergence continues seasonally, though species composition and abundance change. 
Riparian vegetation also tends to support terrestrial insects because of moisture, vegetation 
productivity, and structural complexity. 

The importance of aquatic prey is well demonstrated for birds associated with Appalachian 
riparian habitats; Pennsylvania work using DNA metabarcoding found aquatic-origin prey in 
nearly every nestling studied among three migratory songbird species. That study concerns 
breeding birds rather than migrants, so it establishes the food-web pathway, not the magnitude 
of its use during ChicoryLane migration.  

 



9. Spring versus fall: the central difference 

I would summarize the ecological contrast this way: 

Spring Fall 
Rapidly developing terrestrial insect 
populations Mature late-season insect populations 

Leaf-out and caterpillar phenology especially 
important 

Grassland insects and mature foliage 
arthropods available 

Aquatic emergence may provide crucial early 
food 

Aquatic resources continue but differ 
seasonally 

Few temperate fruits available Widespread berry and fruit availability 
Many species predominantly insectivorous Many species broaden diet toward fruit 
Strong pressure to arrive on breeding grounds 
on schedule Often greater flexibility in migration timing 

Food landscape strongly tied to spring 
phenology 

Food landscape strongly tied to both insects 
and fruit 

The last two deserve qualification because migration strategy varies enormously by species. 

But as a management-level conceptual model, the contrast is useful: 

Spring migration may depend disproportionately upon producing insects early enough; fall 
migration may depend upon maintaining a diverse simultaneous landscape of insects and 
fruit. 

I would currently regard that as a well-supported synthesis rather than a proven rule applying to 
every migrant. 

 

10. Weather and climate complicate the picture 

The insect-food landscape is highly temperature dependent. 

A warm early spring can accelerate: 

bud break → leaf development → insect emergence 

while migratory timing may respond to a different combination of endogenous rhythms, weather 
and conditions thousands of kilometers farther south. 

This creates the possibility of phenological mismatch: birds arrive before or after local peaks in 
suitable prey. 



The same issue applies to wetlands. Temperature, rainfall, stream flow and hydroperiod can shift 
aquatic emergence. 

Thus the ecological objective cannot realistically be to make insect abundance peak on a 
specified date. 

A more resilient strategy is: 

maintain enough habitat and ecological heterogeneity that different insect resources 
emerge across different places and times. 

That spreads temporal risk. 

 

11. Management practices that could help 

The evidence suggests several practices worth considering, although I would distinguish 
principles from prescriptions. 

Maintain native woody-plant diversity. Different trees and shrubs support different herbivore 
communities, which in turn provide prey for migrants. 

Retain vertical complexity. Canopy, understory, shrub, ground vegetation and litter support 
different prey and foraging guilds. 

Maintain wetlands and riparian integrity. Aquatic emergence can subsidize terrestrial 
insectivores, particularly at times when terrestrial prey is limited.  

Avoid landscape-wide synchronized disturbance. Mowing an entire meadow simultaneously 
removes insects and structural habitat at once. Staggering disturbance can leave refuges. 

Retain leaf litter, dead stems and woody debris where appropriate. Much of next year's 
insect population spends winter in precisely the material sometimes removed in “cleanup.” 

Maintain successional habitat intentionally. Shrub and young-forest patches can combine 
arthropod prey, fruit, cover and edges. 

Preserve mature deciduous forest. Both central Pennsylvania field studies and large-scale radar 
analyses support its importance during migration.  

The important qualification is that none of these means simply maximizing insects everywhere. 
Ecological management should seek a functioning and diverse insect community, not maximum 
abundance of any particular insect. 

 



12. What we do not yet know 

The high-criticality setting is particularly useful here because some apparently attractive 
conclusions outrun the evidence. 

We do not presently know, without site-specific study: 

which insects ChicoryLane migrants actually consume; 

how much of their diet comes from each ecotope; 

whether aquatic insects materially increase refueling rates there; 

whether particular native plant species produce especially important spring prey; 

how individual berry species and arthropod foods are nutritionally combined; 

which management practices at ChicoryLane currently increase or decrease migratory food 
resources; 

or whether insect abundance at ChicoryLane is ever actually limiting to migrants. 

Nor should bird abundance alone automatically be interpreted as habitat quality. Migrants may 
concentrate in a habitat for reasons that do not necessarily mean individuals gain mass or 
improve condition there. 

Those questions provide opportunities for observation rather than reasons for uncertainty 
paralysis. 

 

A synthesis emerging from the three prompts 

Prompts 1–3 now produce a fairly coherent conceptual progression: 

Insects have life cycles and ecological functions. 

↓ 

Those life cycles are supported differently by the Reserve's several ecotopes. 

↓ 

The ecotopes interact to produce a changing landscape of arthropod resources through the 
year. 



↓ 

Migrating birds encounter that landscape during short, physiologically demanding 
seasonal windows. 

↓ 

Therefore the relevant management object is not simply “insects,” but the spatial and 
temporal continuity of insect-producing ecological processes. 

I would now formulate the strongest management-level proposition this way: 

For migratory birds, a high-quality reserve is not merely one containing abundant food. It 
is one whose heterogeneous habitats continually produce complementary foods—including 
arthropods and, particularly in fall, fruits—at different places and times, giving arriving 
birds multiple opportunities to refuel and recover. 

And there is one further conjecture that seems especially worth carrying forward for 
ChicoryLane: 

The juxtaposition of mature forest, successional vegetation, meadow/grassland, wetlands, 
riparian habitat, and native fruiting shrubs may be more valuable to migrating birds than 
the sum of those habitats considered separately, because their temporal and nutritional 
resources are complementary. 

That proposition is ecologically plausible and consistent with the evidence above, but 
demonstrating it specifically at ChicoryLane would require observations designed around the 
Reserve itself. 

 

 


