Agricultural drainage ditches: Aquatic and terrestrial interactions in the
landscape
Aquatic macroinvertebrates in ditches and their influence on phosphorus. Since 2008, our
lab has been studying the aquatic macroinvertebrate communities of agricultural drainage ditches
on Maryland’s Eastern Shore. Drainage ditches are an important component of agricultural
infrastructure, and help to increase crop yields by controlling soil moisture levels. Ditches also
provide habitat to many different species, as they are un-cropped areas that may contain many
different plant species, and provide habitats to aquatic species for at least part of the year. The
main research questions of interest in our lab in terms of aquatic taxa are: 1) what are the
communities of aquatic macroinvertebrates present in drainage ditches, and 2) what are some of
the functional roles these communities play in ecosystem-level processes occurring across ditch
networks?
Our initial studies of ditch
invertebrates characterized the taxa that
make up a typical ditch community, and
related patterns of community composition
with environmental factors related to nutrient
cycling. As an aquatic habitat that is rarely
studied in the context of a source of
biodiversity, gaining a basic understanding
of the composition of a typical ditch
community was our first goal. In streams,
macroinvertebrate communities often show
strong relationships with water quality
factors and different land-use characteristics within the watershed. Our second goal was to
determine whether the macroinvertebrate community of ditches could serve as a useful indicator
of the quality of water draining from ditches. From this research, we learned that ditches provide
habitat for many different species of aquatic invertebrates, and that many of the communities are
typical of streams that may be degraded. Patterns in macroinvertebrate communities across
ditches did not show strong relationships with water quality factors that also varied between
ditches. Therefore, macroinvertebrate communities may not be a good indicator of water quality

in ditches. Communities were correlated with
physical conditions within ditches, including the
size of the ditch, and flow velocity of water
within the ditch. Therefore, it is the physical
structure of ditches, rather than the quality of
water draining within ditches that likely
determines what macroinvertebrates are present.
One key result of the initial surveys of
drainage ditches was that burrowing species make
up a significant proportion of the
macroinvertebrate community. Bioturbation by
burrowing species can affect exchanges of
materials across the sediment-water interface in
different aquatic habitats. In particular, the movement of phosphorus from belowground to
surface waters is of concern for Maryland, as nutrient pollution from excess phosphorus is partly
responsible for seasonal algal blooms that result in anoxia across large portions of the
Chesapeake Bay. Drainage ditches represent a focal point where nutrients can move from
agricultural lands into regional watersheds. Our
research using laboratory experiments compared the
role of burrowing invertebrates in altering rates of
phosphorus release from ditch sediments and soils to
overlying water. Results from this work suggest a
functional role that natural macroinvertebrate
communities play in a highly human-modified
aquatic system.
In publications, see Leslie, et al. 2012, Leslie & Lamp
2016, Leslie & Lamp 2019.
Beneficial arthropods associated with the terrestrial habitat of agricultural drainage
ditches. Especially for the flat Delmarva Peninsula (coastal plain portions of Delaware,
Maryland, and Virginia) and portions of New Jersey, ditches are necessary to drain the high
water table during the year. In addition, ditch habitats may also provide valuable ecosystem
services to producers by enhancing natural enemies of pests and increasing their biocontrol.
More broadly, ditches serve as examples of
how uncultivated land in and around fields
can provide ecological benefits. The goal of
our research is to determine how to manage
ditches to enhance populations of natural
enemies. Our specific objectives include 1) to
conduct experiments designed to enhance
populations of natural enemies (e.g., spiders,
predatory mites and beetles, and parasitoid
wasps) in ditches by providing resources for
shelter, food, and reproduction, 2) to compare
natural enemy performance in ditch habitats

and adjacent crop fields across a range of habitat conditions, and 3) to use ditches on farms to
demonstrate the value of this enhancement of natural enemies for pest management.
Conservation
biological control provides
an alternative, sustainable
approach to manage pests
by enhancing natural
enemies through providing
their ecological needs, e.g.,
shelter, nectar, alternative
prey and pollen. Common
natural enemies in ditch
habitats include, but are
not limited to, spiders,
lady beetles, ground beetles, parasitoid wasps and flies, and other specialist and generalist
predators. These natural enemies are known to help maintain pests below economic thresholds.
We have documented that agricultural ditches are homes for many natural enemies, yet little is
done to manage ditches for natural enemies. Our goal is to determine how ditches could be
managed to enhance natural enemy populations, and to work with farmers to test management
methods on farms, ultimately leading to adoption as part of ditch management.
Ecological intensification, in contrast to agricultural intensification, has been suggested
as a means to better meet our growing agricultural needs while reducing inputs and enhancing
ecosystem services of value to crop and pest management. Ecological intensification is
accomplished by supporting the natural ecosystem processes to the benefit of agriculture. For
example, producers can indirectly aid species that provide regulating services such as pest
management and pollination. Here, we focus on the use and management of agricultural drainage
ditches to support ecological intensification and the action of natural enemies in suppressing pest
populations.

