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 • Terrestrial invertebrate biomass and diversity is greater in early successional forest habitats, but increasing the 

percent of early successional habitat in watersheds does not influence the magnitude of this subsidy, or use by 
brook trout. 

• In-stream productivity can influence the relative importance of terrestrial resources to aquatic consumers, like 
brook trout. 

Funding support for this project was provided by the Northeastern States Research 
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Project Summary 

• Terrestrial subsidies are important resources for organisms in receiving habitats, particularly when production in 
those habitats is low. Terrestrial invertebrates provide a critical subsidy for trout, including eastern brook trout 
(Salvelinus fontinalis), but we have limited understanding of what causes input and use of these subsidies to 
vary among streams.  

• We predicted that forest successional stage would be an especially important driver of variation in terrestrial 
invertebrate subsidies to brook trout in headwater streams due to differences in terrestrial invertebrate biomass 
in early and late successional habitats. Specifically, we expected biomass of aerial invertebrates, those capable 
of dispersal to the stream, to be greater in early successional habitat than late successional habitat due to the 
nutrient rich, herbaceous vegetation typical of early successional habitat. 

• We measured aerial terrestrial invertebrate biomass in early and late successional habitats, input to streams and 
use by resident brook trout in 12 first and second-order watersheds in northern New Hampshire, U.S.A. The 
study watersheds represented a range of early successional habitat coverage (0 - 51.5%). We also measured a 
suite of reach-scale variables that might influence terrestrial invertebrate input and use by brook trout, including 
riparian forest conditions and benthic invertebrate biomass. 

• Within study watersheds, aerial terrestrial invertebrate diversity, biomass, and abundance were significantly 
higher in early successional habitats than late successional habitats. However, terrestrial invertebrate input to 
streams and use by brook trout were unrelated to percent early successional habitat in the watershed, and to 
other watershed and riparian forest characteristics. These results indicate that management for upland early 
successional habitat has little effect on terrestrial invertebrate subsidies to headwater streams and fish. 

• Surprisingly, benthic invertebrate biomass was the one significant predictor of percent terrestrial invertebrates 
in brook trout diets. Use of terrestrial invertebrate subsidies declined with increasing benthic invertebrate 
biomass, suggesting that productivity in the aquatic environment influences the degree to which brook trout use 
terrestrial subsidies. Although subsidy inputs are controlled by the donor system, this study shows that use of 
these subsidies by consumers can be determined by conditions in the recipient habitat.  



Background and Justification 

Presenter
Presentation Notes
In northeastern forests, there is a current trend toward decreasing coverage of early successional forest habitat (ESH), and we have already seen impacts on wildlife. These figures show the pattern of land use in New England over the past two hundred years. In the 1700 and 1800s, agriculture led to widespread clearing of forests, but by the mid 1800s farmers in the northeast abandoned farmland because they were unable to compete with more productive farms in the midwest.  Then in the late 1800s and early 1900s mature forest replaced old fields and the extent of clearcutting decreased drastically. More recently, in the past twenty years or so, coverage of ESH on the landscape has continued to decline as forest ownership has shifted from large-scale timber companies to smaller landowners, which has caused less land under active management, and, more specifically, less even-aged management that creates early successional habitat. Given this trend toward more late-successional forest and fewer canopy openings, it’s important that we continue to study how these changing forests may affect both terrestrial and aquatic species.



Background and Justification 

? 

Presenter
Presentation Notes
We know that ESH is important for many vertebrates and some of these species, such as the New England cottontail, are completely reliant on it. An estimated 12% of the regional wildlife fauna are restricted to ESH and only 10% never use ESH.  At a broader scale, in northern forests of the US, there are 128 bird species that depend on ESH during all or part of their life cycle and 14 of these species are federally listed. But while there are many studies showing the importance of ESH for vertebrate species, there are very few studies of the importance of ESH for invertebrate communities. Studies of the effects of logging on invertebrates tend to be done directly after a logging event as opposed to comparing invertebrate communities in late successional habitat and ESH that is in the regenerating stage.



Forest Condition 

Insect Input to Streams 

Brook Trout Diet 

Background and Justification 

Presenter
Presentation Notes
We also know that terrestrial insects make up a large proportion of the summertime diet of brook trout, which is the dominant salmonid in New England headwater streams.But we still don’t understand how variation in forest characteristics influences the input of terrestrial invertebrates to streams and brook trout diets.  



Summary 
Research Questions 

Presenter
Presentation Notes
If this space represents a small New England watershed and the green ovals are ESH patches and the trees are late-successional patches (LSH), we asked the questions:Does insect richness, community composition, biomass and abundance differ between ESH and LSH?If biomass of terrestrial insects is greater in ESH, does the percentage of ESH in the watershed influence the input of terrestrial insects to streams? Does variation in insect input to streams influence brook trout diet?



Research Sites 

Terrestrial Sampling 

Aquatic Sampling 

Presenter
Presentation Notes
Study sites were in northern New Hampshire near the border of Maine and Canada. We collected data in 12 first or second order watersheds that feed the Dead Diamond River.  The dots label the streams flowing through the study watersheds.The watershed is the unit of replication in each of research questions.The study watersheds represented a range of early successional habitat coverage (0 - 51.5%).Within watersheds, we sampled terrestrial invertebrates at replicated sites in both ESH and LSH.We sampled terrestrial invertebrate inputs, aquatic invertebrates and brook trout diets at study reaches within each stream.



Sampling Methods 
Terrestrial Insects 

Terrestrial Inputs to Streams 

Stream Insects 

Brook Trout Diet 

Presenter
Presentation Notes
To collect terrestrial invertebrates, we set out pan traps of three different colors because different species of insect are attracted to different colors. Each trap has a little bit of water in it and a drop of soap to break the surface tension, so that insects stick when they land on the surface. These traps target winged insects, and more specifically, they target pollinating insects, but they also collect herbivores and predators.  We didn’t collect ground-dwelling invertebrates and we can’t rule out that that trap visibility by the insects is different in ESH and LSH.We sampled invertebrate inputs to streams with stream surface pan traps, which are meant to measure the per-area input of insects to streams; we also sampled both aquatic and terrestrial insects in the stream drift with drift nets. We sampled aquatic invertebrates because an alternative hypothesis was that aquatic benthic invertebrate production could influence the relative proportion of aquatic and terrestrial food in brook trout diet.We sampled trout diets by stomach flushing.



Family Richness 

Results – Terrestrial Insects 

Biomass 

Abundance 

Presenter
Presentation Notes
Bootstrapped estimate of the asymptotic family richness in ESH and LSH, with confidence intervals and you can see that the estimate is for 43 more families in ESH than LSH.  So much higher richness in ESH.Abundance and Biomass of terrestrial insects were also greater in ESH than LSH.  Mean biomass in ESH was more than 3 times that of LSH.



• Terrestrial invertebrate input was unrelated to watershed 
and riparian forest characteristics. 

 
• % Terrestrial invertebrate mass in brook trout diet was 

unrelated to terrestrial invertebrate input. 

Results – Terrestrial Inputs to Streams and Trout 

Presenter
Presentation Notes
We found that terrestrial invertebrates input was unrelated to either riparian or forest characteristics, including the amount of ESH in the watershed.We also found that the % of terrestrial invertebrate mass in brook trout diet was unrelated to terrestrial invertebrate input! This was surprising because it suggests that brook trout DO NOT use terrestrial insects based on availability/abundance of those subsidies.



• % Terrestrial invertebrate mass in brook trout diet was 
related to benthic invertebrate biomass 

Results – Terrestrial Inputs to Streams and Trout 

Presenter
Presentation Notes
Surprisingly, we found that terrestrial invertebrate mass in brook trout diet was related to the biomass of benthic invertebrates in the streams.  Specifically, as benthic invertebrate biomass increased, the percentage of terrestrial insects in brook trout diet decreased. Previous experimental research suggested that terrestrial insects inputs were driving the percentage aquatic and terrestrial insects in trout diet, which is not the case here.  



Implications Implications 

• Consumption of terrestrial invertebrates by brook 
trout may be mediated by availability of aquatic 
invertebrates 
 

• Increasing %ESH coverage in a watershed does not 
increase terrestrial invertebrate inputs to streams 
 

• Maintaining healthy streams and aquatic 
invertebrate communities is important for brook trout 
 

• The importance of a cross-boundary resource to a 
receiving consumer may be dictated by conditions in 
the recipient habitat 
 

 

Presenter
Presentation Notes
Consumption of terrestrial invertebrates by brook trout is controlled less by variation in terrestrial invertebrate input and more by the availability of aquatic invertebrates.The implications for forest management are that increasing %ESH in watersheds will not increase terrestrial invertebrate inputs to streams and fish.But maintaining healthy streams and aquatic invertebrate populations is important for fish diets.With regard to the area of ecology that deals with resources that cross habitat boundaries – ecological subsidies – our data suggest that the importance of a cross-boundary resource to a receiving consumer may be dictated by conditions in the   consumer’s immediate surroundings – in this case, the stream itself.	



Implications and Applications 
in the Northern Forest region 

Presenter
Presentation Notes
While theory predicts greater biomass of terrestrial invertebrates in early successional habitat than late successional habitat, effects of forest age on invertebrate abundance and biomass are not well understood, particularly in the northeastern U.S.A. Our data indicate that the summertime diversity and biomass of aerial terrestrial invertebrates is greater in early successional habitat than late successional habitat in northeastern forests. Forest ownership in northeastern forests has recently shifted from large-scale timber companies to diverse, smaller landowners, resulting in reductions in parcel size, in the amount of land under active management and in the extent and frequency of forest clearings. Our data suggest that the inclusion of upland early successional habitat in forest management plans may increase the secondary production that supports terrestrial vertebrates at higher trophic levels. However, terrestrial invertebrate input to streams and use by brook trout were unrelated to percent early successional habitat in the catchment, and to other catchment and riparian forest characteristics. These results indicate that management for upland early successional habitat has little effect on terrestrial invertebrate subsidies to headwater streams and fish.



Future Directions 

Family Richness 

• How is insect diversity in ESH 
related to diversity in 
vertebrate consumers, or 
invertebrate pollinators?  

Presenter
Presentation Notes
In addition to the inherent importance of maintaining diversity of insects, which are the most diverse group of animals on the planet, does the high diversity and abundance of insects in ESH allow for higher diversity of consumers, like birds and bats? Pollinators are in decline in the northeast and elsewhere. Does ESH support higher pollinator diversity and density? 



Future Directions 

• How much ESH is needed in the Northern Forest region 
to support invertebrate and vertebrate diversity?  

Presenter
Presentation Notes
How much ESH is needed in the Northern Forest to support invertebrate and vertebrate diversity? The fact that communities were different between ESH and LSH habitats suggests that a mixture of ESH and LSH on the landscape will support regional invertebrate diversity.Pre-settlement coverage of ESH is estimated to be around 13%. As of 2001 the estimate was between 4 and 18% and declining. 



• What controls aquatic invertebrate productivity in 
headwater streams of the Northern Forest region? 

Future Directions 

Presenter
Presentation Notes
The finding that consumption of terrestrial insects is dependent on availability of aquatic insects suggests that, in these small headwater streams, brook trout preferentially forage on aquatic insects.If this is the case, then it is important to know what controls availability and productivity of aquatic insects in northeastern headwater streams––both to manage brook trout populations and small watersheds.
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subsidy use by brook trout (Salvelinus fontinalis) in headwater streams? Freshwater Biology 
59:187-199. 

– Brooks, R.T, K.H. Nislow, W.H. Lowe, M.K. Wilson, and D.I. King. 2012. Forest 
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• Other publications 

– Wilson, M.K. 2012. What predicts terrestrial invertebrate subsidy use by brook trout 
(Salvelinus fontinalis) in headwater streams? M.S. Thesis, Wildlife Biology Program, 
University of Montana, Missoula, MT. 

 
• Conference presentations 
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M.K. Wilson and W.H. Lowe. The influence of watershed-scale forest characteristics on the 
supply of terrestrial prey to eastern brook trout (Salvelinus fontinalis). 
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