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Introduction

Loch Raven and Prettyboy reservoirs are



of pollutants is carried in runoff, and ultimately, more polluted water drains into our local

reservoirs (Chesapeake Bay Program, 2008).

Locally there is now an over-abundance of white-tailed deer (Odocoileus virginianus) in
the forests surrounding the reservoirs, and it has become a water quality concern in recent years.
The population of deer is above what the forest can sustainably support, so white-tailed deer are
now over-browsing seedlings and saplings of native forest tree13 61b4(s) 644.98 Tm O Tc{()] TJ ET BTBT 10012



either forested (38%) or covered by suburban and urban development (13%); 11 out of the 13%
land use that is categorized as suburban/urban development is described as low-density
residential land use (BC DEPRM, 2008a). An estimated 2.5% of the Prettyboy watershed consists
of impervious surfaces (BC DEPRM, 2008a).

The Loch Raven Reservoir watershed is located on the Gunpowder Falls, downstream of
the Prettyboy Reservoir (BC DEPRM, 2008b). The watershed for Loch Raven is located north of
the Baltimore Beltway in central Baltimore County; it too drains waters from Pennsylvania in its
northern most section (BC DEPRM, 2008b). Within the Maryland portion of the watershed,
agriculture accounts for 37% of land use (BC DEPRM, 2008b). Therefore, Loch Raven has
comparatively less agricultural land use than Prettyboy; whereas Loch Raven has 37%
agricultural land use, Prettyboy has 50% agricultural land use. Another major difference between
the two watersheds is that urban development accounts for 25% of the land use in Loch Raven,
which is much greater than the 13% urban development in Prettyboy. Also, suburban/urban
development in Loch Raven tends to be higher density than in Prettyboy. In the Loch Raven
watershed, roughly 5% of the land consists of impervious surfaces (BC DEPRM, 2008b). Like
Prettyboy though, forest cover accounts for 38% of the land in the Loch Raven watershed (BC
DEPRM, 2008b).

Historical Land Use in Prettyboy and Loch Raven Reservoirs

It is estimated that Maryland had 95% forest cover prior to European colonization (BC
DEPRM, 2008a). The original ancient forests that were once present have all but disappeared,
but large areas have re-grown into mature or secondary succession forests (BC DEPRM, 2008a).
These areas have re-grown from agricultural lands and from timber harvest areas (BC DEPRM,
2008a). The amount of forest cover in Prettyboy and Loch Raven, though considerably reduced
by development, is greater in extent than many similarly urbanized watersheds (BC DEPRM,
2008a). Much of the forested area we see around Prettyboy and Loch Raven is protected,
because of the range of benefits +from ecological to recreational +that these forests provide (BC
DEPRM, 2008a).

The Prettyboy and Loch Raven



Forests

Role in Maintaining the Health of the Reservoirs

Forests help maintain the health of



Impervious Surfaces

Impervious surfaces contribute to excess nutrients in runoff (Chesapeake Bay Program,
2008). Impervious surfaces include roads, sidewalks, parking lots, rooftops, and any other
surface which prevents water from seeping into the soil (Chesapeake Bay Program, 2008).
Impervious surfaces cause less water to be absorbed into the ground. Also, the reduced plant
cover means that less water is absorbed by plants too. As a result, water with greater nutrient

loads can be carried off to a major water body (Chesapeake Bay Program, 2008).

Excessive sediment in runoff can cloud water, blocking sunlight from reaching
submerged plants (MDE, 2008). Also, sediments settle to the bottom of streams, clogging the
gravel beds used by fish for laying their eggs (MDE, 2008). Furthermore, the amount of
sedimentation is an important factor in reservoir maintenance, because the accumulation of
sediment reduces the amount of water that the reservoirs can hold (Ortt et al., 2000). It is
estimated that between 1913 and 1997, sedimentation resulted in a lost storage capacity of 2.3
billion gallons in the Loch Raven Reservoir (Ortt et al., 2000). The annual rate of lost storage
capacity for Loch Raven Reservoir is 26.8 million gallons per year (Ortt et al., 2000). Prettyboy
Reservoir loses a slightly smaller amount at 23.1 million gallons of storage capacity per year (Ortt
et al., 2000). Despite these staggering numbers, both reservoirs are significantly below the

average for lost storage capacity in reservoirs (Ortt et al., 2000).

The problem of increased impervious surfaces leading to degraded water quality is

comparatively obvious, what is less obvious is that the quality of forest cover is also



in terms of finding a suitable location for nesting (Bill McShea, gtd. in Ness,






10

mammals (Huebner et al., 2006). This vine also has the potential to interbreed with our native

American bittersweet vine (C. scandens), creating a more fertile offspring (Huebner et al., 2006).

Mile-a-minute weed (Persicaria perfoliata), also known as Asiatic tearthumb, is an open
and shade-tolerant annual vine (Huebner et al., 2006). It has a seed bank that lasts three years

and is dispersed by humans, birds, and small mammals (Huebner et al., 2006).



germination rates, the authors suggest that during the time that seeds are commonly present
(July through December) and using the percentage of germinated seeds that were from exotic
species (70%), deer were a major source of exotic seed dispersal
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their home ranges and the amount of seasonal movement between these areas depends greatly
on the availability of food (DeNicola et al., 2000). At the local latitude (39°N) very little movement
between summer and winter feeding areas is observed (DeNicola et al., 2000).

Bucks grow and shed their antlers seasonally in December or January, after mating
season (DeNicola et al., 2000). Surprisingly, antlers are not often found lying around in forests;
instead, they are quickly eaten by other forest creatures, which use them as a source of calcium
(Michigan DNR, 2008). Antlers begin to re-grow in April in preparation for the next mating season
(DeNicola et al., 2000). During mating season, also called the rut, bucks will fight with one
another by charging and pushing in order to establish dominance and gain a mate (Dewey et al.,
2003).

White-tailed deer breed once a year generally beginning in October and ending in
December (DeNicola et al., 2000). If a doe is not impregnated during her first seasonal heat,
which lasts about 24 hours, than she will go into a second heat about a month later (Dewey et al.,
2003). The gestation period is six months with most fawns born in May through July (Dewey et
al., 2003; DeNicola et al., 2000). The first time a doe gives birth she will only have one fawn, but
in the following years she may have up to four fawns per birth (Dewey et al., 2003). At birth,
fawns weigh about 4.5-5.5 Ibs depending on their gender (Dewey et al., 2003). In general, young
females stay with their mother longer than bucks do, though does may reach sexual maturity
earlier than bucks (Dewey et al., 2003). The average age of sexual maturity for both males and

females is 2 years (Dewey et al., 2003).

White-tailed deer are strict herbivores (Dewey et al., 2003). They have lower incisors,
which they push against their upper pad for biting, and large molars for chewing (Fox & Myers,
2001). A twig that has been browsed by a deer is distinctive; since they do not have upper
incisors, they leave an unclean, ragged tear, whereas a different animal like a rabbit would leave

a clean cut (Michigan DNR, 2007). They are primarily grazers in the summer, feeding
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Annuals, Perennials, and Bulbs Kalmia latifolia Mountain Laurel
Asarum spp. Ginger Vaccinium corymbosum Highbush Blueberry
Aster spp. Aster Viburnum sp. Viburnums

Oxalis spp. Sorrel
Annuals, Perennials, and Bulbs
Polygonatum biflorum 6 ROR P Re@lf Vv
Ranunculus asiaticus Buttercup
Trillium spp. Trillium
Vinca minor Periwinkle

Deer and People

For the Native Americans, deer






be helpful in terms of controlling the rising deer population, the Department of Natural Resources

reports the public is concerned with
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carriers of Borrelia burgdorferi, the bacterium which causes Lyme disease (Allan et al., 2006). As
mentioned above, fragmented forests host few to no large predators so not only deer, but also
white-footed mice, flourish. More mice, coupled with more deer, result in more Lyme disease
overall (Allan et al., 2006).

Lyme disease is caused by the bacterium Borrelia burgdorferi, transmitted to humans by
the bite of infected blacklegged ticks (CDC, 2008). Symptoms of Lyme disease include: fever,
headache, fatigue, and erythema migrans (CDC, 2008). Erythema migrans is a skin rash with a
reddish edge with normal-colored skin in the middle, frequently called a p E X O Oan#lifH
observed after a tick bite, it is a strong indicator of someone with Lyme disease (CDC, 2008). The
symptoms usually develop anywhere from three to thirty days after the tick bite (CDC, 2008). If
left untreated, infection can spread to joints, the heart, and the nervous system (CDC, 2008). The
most common later problem associated pitbsLyme disease is arthritis, which may occur months
after the tick bite (CDC, 2008). Lyme disease is diagnosed based on symptoms, physical findings
(i.e. rash), and the possibility of exposure to infected ticks (CDC, 2008). Most cases of Lyme

disease can be treated successfully with a few weeks of antibiotics (CDC, 2008).

There are two less common diseases associated with or carried by deer ticks: human

17



Warehouse, 2008). Repair fees for bumper damage to a Civic can include the following: bumper
cover $180-$220, absorber $57-$72, reinforcement bar $110-$135, brackets $27-absor
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How Large is Our Deer Population?

In an attempt to become more familiar with the forests and the deer management issues,

we estimated the local deer population density and

19
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Map 1: Location of sampling sites at Prettyboy and Loch Raven Reservoirs

Prior to data collection, we reviewed descriptions of deer pellets including the description
of size, textures, colors, and distribution. Our sampling was started on Sept 27 and was
completed by Oct 12. Different groups of students were involved in sampling over this period.
Four groups of six students sampled two neighboring transects at both the Loch Raven and

Prettyboy site.

Results and Discussions

The 3W U D G Ideét gei@Dr@unt method is performed at the end of the winter. Under

those conditions, pellets that are above the leaf layer are counted and the pellets are assumed to



have accumulated since the date of leaf drop, usually sometime in the late fall. Our fall sampling
time precluded such an assumption. We noticed that severe rain seemed to wash away or render

the pellets non-identifiable. Therefore, we selected a severe weather event on Sept 27 as
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Deer Density of Transect Line 10: Omitted [major rain event]

Average # of Deer: 1332+444/2 = 888 deer/ mi

Table 3: Detailed data from Loch Raven site II.

Transect Line Group Date of Sampling # Pellets Found
7 Tim et al. 10/4/08 9
4 Tim et al. 10/4/08 4




Within Loch Raven or Prettyboy Reservoirs we sampled two areas that were in close
proximity (see map); one might expect that these neighboring areas would have similar deer

density, but based on our data
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the 30O O IG D WHhduld be explored. We would suggest using a single sampling team to avoid

individual variation.

Deer and regeneration surveys are currently performed at the same time. We suggest
that combined surveys are unnecessary and may be subject to considerable error. Regeneration
surveys in winter months may lead to difficulty distinguishing between tree species as much
vegetation is without leaves. Therefore, regeneration surveys throughout the wamer parts of the

year may serve as a better indication of the regeneration of the forest.

Should Baltimore City wish to demonstrate the impact deer are having on forest
regeneration, enclosures that exclude deer but allow the entry of smaller animals could be used
(BRNR, n.d.). Results are usually visible in about three years (BRNR, n.d.). This method would

also give us information about

24






trails were also recorded (McCaffery, 1976). This method would not be ideal for Loch Raven

because the lack of vegetation would make deer trails difficult to identify. In

26



Hunting has historically been allowed in Prettyboy and Liberty reservoirs, and as of 2008 limited

hunting
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must be used if the deer is delivered to a taxidermist or butcher (MD DNR, 2008a). Hunters that
do not wish to keep the meat from the deer can donate it to organizations such as Farmers and
Hunters Feeding the Hungry, where the deer is butchered and distributed to food banks, which

provide meat at low costs to those in need (MD DNR, 2008e).

While hunting has proven to be a successful means of controlling the deer population in
several states, several issues surrounding hunting must still be considered. First, the number of
recreational hunters has been in decline, bringing into question if recreational hunters should be
required to pay to hunt (Brown et al., 2000). In some studies, hunting has also been shown to
modify feeding grounds for white-tailed deer, which could cause the deer population to move to
another location where hunters are not present (Nixon et al., 2008). In that case it could
potentially push deer out of the reservoirs and onto private land. The modification of feeding
grounds and behavior can lead to more car accidents, especially in areas with high traffic

roadways like Loch Raven reservoir (Sudharsan et al., 2006),.

In order to ensure the effectiveness of hunting as a deer management method, accurate
deer population estimates must be made in hunted areas (DeNicola et al., 2000). Current
management plans require deer population estimates in order to ensure that proper sex and age
ratios are maintained (DeNicola et al., 2000). In addition to population estimates, physical

condition, mortality,

addiBT 1 (ea)(dV1TI 11410061054 Tm (M TI ET ET B(ea) ()M TJ ET BT 10 e 496 42 42 BT5aead

28



permits and licensing fees are also a key contributor to funding multiple Maryland DNR projects.
Regulated hunting not only removes deer from the population with little cost to the public, but is

also shown to alleviate costs associated with other population management

29



little undeveloped land to support traditional hunting (MD DNR, 2008b). Hiring sharpshooters

comes at a relatively high cost to taxpayers.

30



other animals that may be exposed to

31



there are field studies in Maryland at a fenced facility where 28 does were captured, tagged with
ear tags and radio transmitters, and injected with GonaCon (National Wildlife Research Center,
2004). Their reproductive behaviors were monitored for two years, and compared with
unvaccinated adult does in a nearby fenced area with a similar habitat (National Wildlife
Research Center, 2004).

At the Deer Research Center at Pennsylvania State University, researchers studied the
effects of GonaCon specifically on the reproductive functions of bucks from 1994 to 2004 (Killian
et al., 2005). One of the major affects of the vaccine was altered antler development (Killian et al.,
2005). Vaccine treated males shed their antlers earlier than non-treated males and some treated
males showed a lack of muscular form typically seen in males during the rutting period (Killian et
al., 2005). Death rates in vaccinated males were also significantly higher than in the control group
(Killian et al., 2005). Overall, the study concluded that both single and two injections of GonaCon
were successful in changing reproductive functions of male white-tailed deer for many years
(Killian et al., 2005). However, because of reduced antler development, and higher death rates
from pulmonary disease, the vaccine is not being considered for use in bucks (Killian et al.,
2005).

PZP:

Porcine Zona Pellucida (PZP) is another immunocontraceptive that has been studied in
deer. It is a protein found in the eggs of pigs, and when injected it stimulates the production of
antibodies that block sperm receptors on the egg, making fertilization impossible (NIST, 2000). By
inhibiting the ability to become pregnant, deer are induced to have two to four additional estrous
cycles per year (NIST, 2000). PZP does not enter the food chain, and shows no side effects
(PNC, 2008). The EPA is currently tesJ ET BT 1 .e
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reproduction, mortality, immigration, emigration, disease and weather, after 3-4 years of using
PZP there has been a 20% reduction in deer at this site, (PNC, 2008).

When using fertility control agents, it is necessary to treat a large proportion of the does,
70% to 90%, to reduce population growth (DeNicolla et al, 2000). This is due to frequently low
annual mortality rates for suburban deer (DeNicolla, et al, 2000). In spite of these successes,
effective contraceptive programs for fertility control of free ranging wildlife are not yet fully
developed (DeNicolla, et al, 2000). It is expected that a safe and cost-effective fertility control
method will not be presented within the next five to ten years (DeNicolla, et al, 2000). No anti-
fertility agents for wildlife are currently commercially available, and are classified as experimental
drugs (Curtis, et. al, 2000). In order to test deer with drugs, a federal Investigational New Animal

Drug permit and approval from a state wildlife agency are required (DeNicolla, et al, 2000).

Deterrents

Another option for curbing the impacts overabundant deer populations



Human hair is another noncommercial repellant; it is inexpensive but inconsistent in its
ability to repel deer (University of Missouri Extension, 1997). Hair bags are typically hung on the
outer branches of trees, or around the perimeter of an area to be protected (University of Missouri
Extension, 1997). The large size of impacted area in the reservoirs makes the use of individual
hang bags ineffective unless certain areas are designated for regeneration priority areas. In
addition, the plants in need of protection are small and may not be able to support the bags
(University of Missouri Extension, 1997). Bar soap is also used as a deterrent, and has proven to
be more effective in deterrence than human hair. Bar soap needs to be reapplied to trees as they

grow older and may not be useful for the smaller plants that contribute to
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method must be done every year until the seed bank is eventually depleted (Swearingen, 2008).
The removal of invasive species is most effective when two or more methods are used together
(Swearingen, 2008).

According to Pannill (2000) the tree of heaven can be managed by spraying herbicide
such as glyphosate on it or by cutting it down. Cutting the tree of heaven down to the ground
during the months of June or July over a period of three years will eliminate the tree completely,

as will uprooting the tree and removing all roots (Pannill, 2000).

Japanese barberry can be managed through chemical and manual methods
(Swearingen, 2008). A chemical application can be most effective if done during the fruiting
season of the shrub, this is usually during the summer months (Swearingen, 2008). The manual
removal of the shrub can be done at any time but best done when the soil is moist so all roots can

be removed (Swearingen, 2008).

Oriental
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Stiltgrass can also be managed by using herbicide (glyphosate) and the graminicide (sethoxydim)
according to Grafton et al. (2008). The study concluded that the herbicide, glyphosate, was the
most effective at killing the stiltgrass. The 1.5% concentrate of glyphosate with surfactant killed
100% of the stiltgrass (Grafton et al., 2008). Huebner (2007) suggests management of stiltgrass
should be concentrated on the edges, due to its dispersal method. + X H E Q 2QD¥)\study found
that the stiltgrass seeds stay in a close vicinity of the parent plant and are not wind dispersed,
therefore its main dispersal is by animals and humans. Huebner (2007) suggests with the

increase in deer population, the spread of stiltgrass will also increase.

Fencing to Help Forest Regeneration

Deer population control is a long term management issue that will take time to
accomplish. As a result, alternatives to restoring the forest need to be considered to prevent the
forest from continuing to lose function. The major problem with forest regeneration within the

reservoirs is the over-browsing of young seedlings, which inhibits forest regeneration.

A simple method for reforestation is fencing (MD DNR, 2006). This method would require
establishing fenced enclosures at predetermined spots around the area that is to be reforested
(MD DNR, 2006). Of the many management options available for forest regeneration, fencing is
currently the most logical and economically feasible approach in light of the abundant deer
population (MD DNR, 2006). Fencing off sections of a forest restricts deer from the area and
allows for regeneration of plants and trees that would typically be subjected to browsing pressure
(MD DNR, 2006).Fencing allows seedlings to grow and reach a height that would not be subject
to browse by deer (MD DNR, 2006). After the enclosures have been allowed to regenerate

fencing would be

Wen178 Tel(tbeYnNYI TJ ET BT 100 1 481 27 enclosures
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Electrical fences are smooth wire fences that shock upon contact and can be either
battery or solar powered (DeNicola et al., 2000). Generally, with this type of fence, an electrical

impulse occurs with contact (45-65
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mouth and receive a shock, which in turn deters the deer from coming back (DeNicola et al.,

2000). In places subject to deep snow a highly effective, yet more affordable, combination of

38



areas surrounding the reservoir system it will only lead to a further rise in the deer population. It is
vital to keep the forests intact, and to reforest any areas that are available around the current

forested system surrounding the
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All of these options have the same goal: to fund the various projects that this research is
proposing. These options are easy to implement, have a wide range of applications, and are at

little to no
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The Maryland Department of Natural Resources (DNR) has held at least one forum about
hunting in Loch Raven and Prettyboy and posted information on the DNR website. Resources
may lend themselves to online presentation but an in-person public forum may prove more useful
and provide a better face to the community. Involvement in the forum could be encouraged by:
contacting community groups, posting on the website, contacting local news stations, sending out
newsletters, etc. Other possible ways to ethecate the community on the problem of deer

overabundance and why hunting is the most effective method and necessary are as follows:

Host an open house and discuss the issue in the form of a nature hike
Sending out newsletters

Hosting school assemblies

Host school field trips

These events could be hosted in conjunction with other groups such as Hooked on Nature,

Tributary Strategy program, and the Parks and People Foundation.

While
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hunting limits based on recent population counts. Many sites would have to be sampled
to reduce variation.

e The amount of variation we saw between local sites leads us to suggest that multiple
sampling sites within a reservoir always be sampled to more effectively assess the size of
the local population.

e Traditionally browse estimates and pellet counts are conducted at the same time which
we think would lead to one or both being inaccurate. If sample of browse levels occurs
after bud break so that trees can be identified it will be at a time when pellets are actively
decomposing; if browse is assessed prior to bud break the plant identification is subject
to a great deal more error. Therefore we suggest they be decoupled.

Suggestions

The issue of deer management, forest health and water quality is complex and critically
important to the regional community. While the need to maintain the water quality of the
reservoirs is obvious, the actions needed to ensure water quality are fraught with controversy.
Human development has altered our local forest communities to the point that deer populations
have exploded and deer now threaten to destroy, by preventing regeneration, their own habitat
and the forests that protect the waters. Yet, deer are more than just too numerous forest
herbivores; they have also become symbols of hatur Héand #ild. "Reducing their numbers by re-

introducing predators, in the form of human hunters, comes into direct conflict with their popular



The specifics of how hunting is managed need to be
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Invasive species management is another important issue related to forest management
that needs attention. A volunteer removal program for invasive species should be established in
Loch Raven and Prettyboy. Work would start at the edges of the forests and employ two or more

methods of invasive species removal, such as an herbicide and manual removal.

In addition to volunteer help to conserve the reservoir forests, funding for such forest
conservation projects could be raised through additional taxes on water utility bills; after all, it is
the water that is being protected. People should not be penalized for using water for necessities,

such as drinking, bathing, cooking, washing clothes, and washing dishes; instead,
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