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Introduction
Ground-dwelling invertebrates (GDI) are an integral part of  forest communities because of  
their ability to break down leaf  litter (Sylvain & Wall 2011). As key players in the process 
of  nutrient cycling, they are essential to ecosystem functioning (Carrillo et al. 2011) 
Understanding how environmental conditions on the forest floor affect GDI will inform 
conservation efforts aimed at maintaining this critical component of  forest ecosystems.

Most leaf  litter comes from the tree canopy, so we hypothesized that GDI composition 
would be influenced more by tree canopy composition than by other factors such as 
understory composition, soil moisture content, or percent soil organic matter. 

Methods
Sampling sites included a variety of  forest types across Northern Wisconsin that included 
wet, wet-mesic, mesic, dry-mesic, and dry forest types. At each site, three, 10 m² circular 
plots were set up 10m apart. Within each plot understory plants were identified and their  
percent cover was estimated. Overstory tree species that made up the canopy were 
identified and their basal area was measured. A soil sample was taken from the center of  
each plot to determine percent organic matter and soil moisture was recorded. Plant 
community composition was determined for overstory trees and understory vegetation, 
and functional plant traits were measured for understory plants.

Pitfall traps (Fig. 1) were placed at the center of  each plot to capture GDI. After one week, 
the traps were collected and all captured invertebrates were removed and preserved in 70% 
ethanol. In the lab, invertebrates were sorted into taxonomic classes or families. Trapping 
occurred twice, in June and August 2018. 

We used the vegan package in R (Oksanen et al. 2017) to perform non-metric 
multidimensional scaling (NMDS) in order to analyze the community composition in 
relation to environmental factors. We then used the lavaan package in R (Rosseel 2012) to 
generate a Structural Equation Model.

Conclusions 
As Bowden & Buddle (2010) showed with spiders, we found 
that that vegetation composition and its related structure best 
explained the patterns seen in the GDI from pitfall traps. 

Both overstory trees and understory vegetation affected GDI 
composition, whereas abiotic factors such as soil moisture and 
soil organic matter primarily exerted their influence by 
affecting trees and vegetation.

These results support out hypothesis that overstory trees would 
have stronger effects on GDI composition than understory 
vegetation because tree leaves make up most of  the litter layer 
on forest floor.

Caution should be exercised in applying our results. Pitfall 
traps are selective in what they catch, and consequently, the 
GDI assemblages examined may not be fully representative of  
the forest floor communities we studied.  
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Results
The NMDS ordination plot (Fig. 2) showed that GDI composition was mainly associated with soil moisture, organic content, 
and the main axis of  tree community composition (i.e., “tree1”) and understory plant functional diversity (i.e., p.mst and 
p.MD).  Spiders (Araneae) and ants (Hymenoptera) were more abundant in wet forests, while ticks (Ixodidae), isopods, mites 
(Acari: Oribatidae), and true bugs (Hemiptera) were more abundant in mesic forests.

The second axis of  GDI composition was associated with a gradient that ranged from pine forests (from jack/red/white pines) 
to forests without pines and was weakly associated with moisture. Pine forests had more harvestmen (Opiliones), ants 
(Hymenoptera), and true bugs (Hemiptera), while snails (Gastropoda) were abundant in a variety of  habitats.

Several taxa were not strongly related to a specific factor or location and are found in the middle of  the NMDS plot. 

Figure 2. NMDS ordination plot showing sample sites (black), ground-
dwelling invertebrates (red), and plant & environmental factors (blue).

Figure 3. Structural equation model (SEM) of  NMDS axis 1 (ground-
dwelling invertebrate composition). Arrows show the fully standardized  
path coefficients (which can be interpreted as partial correlations).  The 
model explained 64% of  the variation in pitfall trap GDI composition 
associated with axis 1.

Structural equation modeling (Fig. 3) confirmed the idea that 
tree composition had greater effects on GDI composition than 
understory plant composition or abiotic environmental factors 
(moisture and soil organic matter).  Even so, understory plant 
effects were nearly 75% as large as the tree effects. The effects 
of  the abiotic factors were indirect and fully mediated by trees 
and understory plants.
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Figure 1. Schematic of  a pitfall trap for collecting Ground-Dwelling Invertebrates. Traps 
used in this study had about 2 cm of  propylene glycol on the bottom to help entrap and 
preserve invertebrates until they could be collected.
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