The Middlesex Fells, a Flourishing Urban Forest
Walter Kittredge
… five miles northerly of Boston lies a great tract of country, all stony hills and
tablelands, almost uninhabited, and of wonderful picturesqueness, and wild,
rugged beauty … The nature of this region cannot better be characterized than
by the application of the old Saxon designation fells,—a common enough word in
England, meaning a tract of wild stone hills …
Sylvester Baxter, Boston Herald Supplement, December 6, 1879
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he Middlesex Fells is a forest of
3,400 acres just north of Boston,
three-quarters of which is under the
jurisdiction of the Massachusetts Department of Conservation and Recreation. It
is one of four reservations that comprised
the original Metropolitan Park System
(MPS), the others being Beaver Brook,
Stony Brook, and the Blue Hills. At almost
eleven square miles, the MPS is one of the
largest urban forest reservation systems in
the world, only slightly smaller than the
largest one in Rio de Janeiro.
The reservations were set aside beginning in 1894, after a long and determined
conservation effort by many prominent
area residents. This noteworthy group
included Elizur Wright, who reformed the
life insurance business, fern expert George
Davenport, naturalist Wilson Flagg, journalist Sylvester Baxter, and renowned
landscape architects Frederick Olmsted
and Charles Eliot. They were aided in this
effort by the Appalachian Mountain Club
and the newly formed Trustees of Public
Reservations. Their conviction that urban
people needed a nearby reprieve from
the city helped bring about this first-ofits-kind wild urban forest park system.
Although Boston’s Emerald Necklace
(which includes the Arnold Arboretum
and Franklin Park) preceded the advent
of the MPS, the Emerald Necklace green
spaces differed from the MPS in being

Bitternut hickory (Carya cordiformis) is fairly common in the Fells;
this is the largest one at 32 inches (81.3 centimeters) DBH. It occurs in
the newly designated Sugar Maple–Oak–Hickory Forest.

Norman B. Leventhal Map Center at the Boston Public Library
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Middlesex Fells map from 1905.

intentionally cultivated landscapes. As Elizur’s
daughter Ellen wrote, “What we wanted in the
Fells was a bit of nature so conveniently in our
midst that we might watch its workings … we
wanted dark crowded places, even jungles …
marshes into which one might wade after reeds
and bright berries, brooks where the border
growth and waters frolic together …”

A Tract of Wild Stony Hills
The Fells is a dissected upland with narrow
north–south ridges and valleys. The highest
elevation is Bear Hill at 317 feet (96.6 meters)
above sea level, and the lowest is 65 feet (19.8
meters), where Whitmore Brook exits the
Fells. The volcanic bedrock is part of the Avalon Terrane, an ancient Pangaean island chain
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Pink lady’s-slipper (Cypripedium acaule) flowers and fruits prolifically after fires, taking advantage of the extra
sunlight and extra nutrients from the ash.

that collided with coastal New England and
Canada. The resulting geological features are
a complex of felsic lava hills (including Pine
Hill) in the south, and plutonic domes of granite
(including Bear Hill) in the north. The middle
section of the Fells differs in having an overlay
of metasedimentary rock. The southeast corner
features a steep scarp along the North Boundary Fault, with panoramic views of the Boston
Basin. One of the more intriguing geological
features is the Medford Dike, a narrow valley of
dark, mafic rock between Pine and Little Pine
Hills, and the site of nineteenth-century quarries. The gritty gabbro rock from the quarries is
called grus, and was used to line the paths of the
Public Garden in Boston. There are also swarms
of dark black Jurassic dikes, some of which can
be seen in the cut side of Pine Hill along Interstate 93. Evidence of the glacial epochs remains
in the form of numerous large erratic boulders,

striations on the exposed bedrock, and the thin,
stony glacial till soils. These poor soils, along
with the steep topography, made farming so
difficult that few people made their home there.
The main use of the Fells was for timber and
firewood, resulting in its forests having been
cut over many times by 1894. It is noteworthy
that despite this, there are areas that have many
trees over 3 feet (0.9 meter) DBH (diameter at
breast height), the largest one being a red oak
(Quercus rubra) at Bellevue Pond with a DBH
of 4.8 feet (1.5 meters).
About one quarter of the Fells is water, mainly
in the form of reservoirs, which provide drinking water for the surrounding communities.
The largest is Spot Pond, a glacial kettle pond
of 294 acres, so named in 1631 by Governor
Winthrop for its many small islands. This, and
several other open and covered reservoirs, are
operated by the Massachusetts Water Resources

Authority. The three reservoirs on
the western side of the Fells were
created out of the large Turkey
Swamp before the reservation was
set aside, and are owned (along with
the adjacent land) by the town of
Winchester. All of these reservoirs
were included in both the original
floristic survey of 1894–1895 and
our recent 2003–2011 survey headed
by Bryan Hamlin. Most streams in
the Fells are small, but Spot Pond
Brook had enough drop in elevation
to provide water power for many
small-scale industries. The Fells falls
within the Mystic River watershed,
which makes up over half of the Boston Basin Ecoregion. This ecoregion
includes the city of Boston, and has
had 80% of its land developed. The
Fells and Lynn Woods represent the
only large blocks of native forest left
in this ecoregion, forming isolated
islands of natural vegetation in a
densely populated area.
The climate is in USDA Plant Hardiness Zone 6a (average annual minimum temperature -5 to -10°F [-20.6
to -23.3°C]), with average annual
precipitation around 41 inches (104
centimeters). Climate change is
evidenced by increasing temperatures in the Northeast; the Boston Ridgetop Pitch Pine–Scrub Oak communities are a very common prioirity
area has been warming at a rate of habitat on rocky summits, especially in the southern portion of the Fells.
0.5°F each decade since 1970, which
has significantly extended the growing season.
A Storied History of Botanizing
Photographic records made during the nine
The Middlesex Fells provides a forest panorama
years of this survey support this, documentof changing seasons for the thousands of Boston
ing increasingly earlier bloom times. Average
area commuters who drive through it on either
annual precipitation in the Northeast increased
Interstate 93 or State Route 28 (the old Ando8% in the twentieth century, mainly occurver Turnpike), both of which bisect it. It was on
ring in the last forty years. The proximity of
the latter road that William Boott arrived in the
Interstate 93 and the densely populated sur1850s to stay at a hotel on the south end of Spot
rounding towns contribute to local air polluPond and become the first to botanize the area.
tion, which can have a particularly negative
Before it was made into a reservoir, Spot Pond was
effect on sensitive lichens. Doug Greene and
shallow with a muddy bottom, which is reflected
Elizabeth Kneiper recently surveyed the lichens
in the greater diversity of aquatic plant taxa
Boott collected compared to today. Lorin Dame
in the Fells and found 110 taxa, indicating that
and Frank Collins would follow in his footsteps
the forest is doing a good job of purifying the air.

Mike Ryan
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A rocky summit along Rock Circuit Trail in Middlesex Fells, looking northeast to nearby Boston suburbs.

in the 1880s, collecting plants for their Flora of
Middlesex County, Massachusetts. After them
came the fern specialist, George Davenport, whose
favorite haunt was Pine Hill in Medford, the home
of Elizur Wright, who pioneered the preservation
of the Fells.
When the Metropolitan Park System was created in 1894, amateur botanist and landscaper
Warren Manning, who worked for the Olmsted company, was given the job of organizing a floral survey of all four reservations. He
brought together twenty volunteers to conduct
field work and collect plant specimens. Among
them, amateur botanist William Rich of Boston was the chief collector in the Fells. The
well-respected local botanist Walter Deane was
then hired at the end of 1895 to compile a “preliminary” flora from the survey’s sightings and
specimens. Deane based his 1896 Flora of the
Blue Hills, Middlesex Fells, Stony Brook, and
Beaver Brook Reservations of the Metropolitan Parks Commission, Massachusetts on the
sixth edition of Gray’s Manual of Botany, published in 1890, and consulted with Drs. Fernald
and Robinson of Harvard University’s Gray
Herbarium. For our survey we relied mainly
on Haines’s 2011 Flora Novae Angliae in draft
and published form.
In the winter of 1895–1896 Deane helped
found the New England Botanical Club (NEBC)

in response to the collaboration between
amateur and professional botanists, most of
whom didn’t know each other prior to the
survey. The newly formed NEBC herbarium
eventually provided a home for the survey
vouchers, including over 300 Fells specimens.
I am currently engaged in creating a database,
including images, of all the survey vouchers through a Museum and Library Services
Grant. The specimens will then be linked
to archival materials in the library, such as
Manning’s letters to surveyors and Deane’s
card file of sightings and specimens. For the
current Fells survey over 350 specimens were
collected, which will also be deposited in the
NEBC herbarium.
In 1917, Nathaniel Kidder, then president
of the NEBC, proposed a follow-up survey to
the Deane Flora. He was unsuccessful in getting support for the project, and so pursued it
on his own from 1919 to 1924. Kidder focused
on collecting the plants that had been reported
in 1896 but hadn’t been vouchered with herbarium specimens, and new plants that hadn’t
been reported. Although he never produced a
report of his work, his specimens represent a
valuable contribution to our knowledge of the
reservation’s flora, documenting new arrivals and overlooked plants, and verifying the
Flora sightings.
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Deane’s Flora reported a high level of biodiversity in the Fells, but a 1996 article by Drayton and Primack indicated an alarming loss of
species. The article was based on a centennial
study of part of the western Fells, done in the
early 1990s by Brian Drayton for his master’s
degree. In the early 2000s, Bryan Hamlin began
to question the validity of the 1996 report, after
finding many of the “missing” plants in the
area of study. As a result, he began a systematic
resurvey of the entire Fells, assisted by Betty
Wright, Don Lubin, and others. At an NEBC
meeting in 2006, Bryan Hamlin told me that
he was working on a new flora of the Fells, and
I agreed to help him with the difficult graminoid taxa—the grasses, rushes, and sedges. Over
time, the current survey became a community
effort among members of the NEBC, with a long
list of local botanists contributing their expertise, very much like the original collaboration
that led to the formation of the Club.
For his survey, Drayton excluded ferns, graminoids, and aquatic taxa. Comparing the same
set of plants from the same area, our survey
found 564 taxa (355 native), while Drayton and
Primack only reported 331 taxa (244 native)
with a “loss” of 155 taxa since the Deane Flora.
Our survey was able to find 105 of these reportedly lost taxa, 83 of them within their study
area. The most likely reason for this large discrepancy was that Drayton’s survey consisted
mainly of a single person surveying for only 300
to 400 hours over three years, versus our team
effort of about 2,000 hours over nine years.
Drayton’s work was also hindered because
he wasn’t allowed to collect specimens, which
could lead to misidentifications. A large study
of surveying techniques found errors of misidentification averaged about 5%, and that
overlooking plants averaged 17%. After examining the Deane Flora vouchers, we found about
a 4% error rate in misidentification. As stated
in our Rhodora article, “The level of expertise
of the surveyors, the level of teamwork, and
man-hours spent surveying all affect accuracy.”
For the 1890s survey, Manning defined four
frequency categories—common, frequent,
occasional, and rare—that the surveyors then
reported according to their individual qualita-

tive assessments. In order to create a quantitative measurement of frequency, we divided the
Fells into eight approximately equal-sized sectors. Based on the number of sectors in which
a plant was found, it was scored as common
when found in seven to eight sectors; frequent
in five to six; occasional in three to four; and
rare in one to two. In order to obtain these data
we conducted what were in effect eight minisurveys. Our examination of Deane’s Flora and
vouchers showed 680 vascular taxa (570 native,
110 non-native) for 1896, while our survey
found 868 taxa (563 native, 305 non-native).
This comparison of the two survey totals shows
a tripling of non-native plants. While there was
little net change in native plant numbers, there
was a significant change in the composition.
One hundred twenty-five native taxa that were
reported in 1896 were not found by our survey, while we discovered or reconfirmed 119
Bryan Hamlin

Recent Floristic Surveys

The parastic American squawroot was singled out by
Deane as being the rarest plant in the Fells. It has since
increased significantly in frequency, as we found it in
five out of eight sectors.
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new native plants. Remarkably, the
relative number of plants in each
frequency category was very similar
for both surveys. This equilibrium in
frequency and native plant numbers
is indicative of a robust and dynamic
ecology that is capable of supporting
a high level of native diversity over
time, despite the influx of non-native
plants. It compares very favorably
to other urban areas that have been
recently surveyed, such as the Massachusetts towns of Needham and
Worcester, which have experienced
losses of 24% and 17% of native taxa,
respectively, and more closely aligns
with the rural flora of the Greater
Mount Holyoke Range at 4.5%.

Ecological Considerations
In order to better understand the
diversity of the plants we were finding, we also included a survey of the
plant communities. This was greatly
aided by the descriptions in the 2001
Natural Heritage and Endangered
Species Program (NHESP) Classification of the Natural Communities of
Massachusetts. To determine which
community types existed, various
ecological criteria were observed in
100-square-meter (1,076.4-squarefoot) plots, including elevation, slope,
aspect, hydrology, bedrock, and soils,
as well as the presence and abundance
of plants occurring there. It was possible to make historical comparisons
with the current communities using
a 1905 map titled ‘‘Forest Plan for
Middlesex Fells Reservation, 1896’’
prepared by Olmsted and Olmsted,
which outlined where various woody
plant associations had occurred.
Over thirty different habitats were
documented in the Fells, ten occurring in wetlands and twenty in the
uplands. Nine of these habitat types
were priority communities, those
which are considered for monitoring
and protection by the state. Four of
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There are over 100 Vernal Pools in the Fells with a great diversity of hydrology, making the Fells a hotspot for this priority habitat.
Alexey Zinovjev and Irina Kadis (Salicicola.com)
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Nodding ladies’-tresses (Spiranthes cernua) varied in abundance from year to
year during the recent Fells surveys.

these were not previously known to occur in
the Boston Basin Ecoregion, and two of them
were newly designated during the course of this
survey. One of these was Sugar Maple-OakHickory Forest, which is similar to Rich Mesic
Forest, and only occurs on the south side of
Bear Hill. The most prominent priority habitats were Rocky Summits, Pitch Pine Scrub
Oak Communities, and Vernal Pools. Over
100 vernal pools of varying size and hydrology
have been identified, making the Fells a hotspot
for vernal pools.
The great diversity of habitats in the Fells can
be accounted for by the diversity of geology and
topography, in turn resulting in a high diversity of plants. Given the loss of land and the
changing habitats over time, it is not surprising
that there would be a significant change in the
composition of the flora. The cessation of
logging has allowed the forest to mature, with
some areas starting to approach the characteristics found in old growth forest. Within the
forest matrix, frequent anthropogenic fires
continue to create a patchwork mosaic of
different aged successional growth contributing
to diversity. These burns have been kept small
by the suppression of fires since the 1920s,
which, along with increasing rainfall, has led
to the overall favoring of mesophytic plants
like beech and maple. During our survey a beaver dammed Whitmore Brook, creating a pond
and marsh out of a red maple swamp, which
resulted in an influx of new plants. Our survey
found wetlands plants to be particularly opportunistic in responding to varying water levels
and habitat succession.
Studies of urban forests have found that the
rarer plants with low population numbers are
more susceptible to local extirpation. In the
Fells about 60% of the taxa that were rare in
1896 are still extant, and almost half of those
have increased in frequency. There are two
state-listed rare species and eleven others
which are watch-listed as potentially becoming
rare in the state. Most of these rarer plants are
herbaceous; woody plants are generally more
abundant and more persistent. Some of the rare
plants are ephemeral in nature, depending on
successional habitats, and can come and go in
a single season. We observed that orchids like

Nancy Rose
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Wild columbine (Aquilegia canadensis) is common in
woodlands throughout the eastern United States and Canada,
including Middlesex Fells.

nodding ladies’-tresses (Spiranthes cernua) that
were locally abundant in one year often went
dormant and were very scarce the next. Other
rare plants are restricted by only growing in
habitats that are uncommon in the Fells.
One of the factors that contributed to loss of
plant populations was the replacement of the
native oak forest around the Winchester Reservoirs with non-native evergreens. Another factor was construction. When Interstate 93 was
built through the middle of the Fells in the late
1950s it destroyed a large area that included the
only large fen habitat. A less obvious yet important negative factor is fragmentation caused by
recreational overuse. There are 36 miles of fire
roads and 75 miles of trails in the Fells, with a
large proportion of these trails being created by
users, resulting in very few large trailless areas.
This extensive network of trails is an avenue for
invasive plants to become widely established,
evidenced by their abundance along the trails.
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Invasive vines such as Oriental bittersweet, porcelainberry, and English ivy (pictured here) smother the native
herbaceous ground cover and can also climb and overtop
trees and shrubs.

Illustration of early buttercup (Ranunculus fascicularis) from An illustrated flora of the northern United
States, Canada, and the British Possessions by Britton
and Brown, 1913. The single small population of early
buttercup growing on Bear Hill was crowded out by
invasive plants despite efforts to save it.
One year after it was cleared of English ivy, this area is
already beginning to recover as the native ground cover
regrows.

This is because foot traffic spreads seeds, and
birds often use trail openings to travel, depositing seeds along the way.
The Fells is an island surrounded by a cultivated urban area, such that non-native plants
are constantly entering from nearby plantings.
Some of these plants are highly destructive of
habitats, chief among them being vines such as
Oriental bittersweet (Celastrus orbiculatus),
porcelainberry (Ampelopsis glandulosa var. brevipedunculata), and English ivy (Hedera helix),
which completely smother all other vegetation.
Despite the inroads of invasive plants, the Fells
has so far proved to be a robust system that
has sustained a high diversity of native plants.
The concern we have, though, is that without
a significant effort to contain the increasing

spread of invasive plants, native diversity may
be severely reduced. Already, the locally rare
early buttercup (Ranunculus fascicularis) has
succumbed to invasive plants.
Diseases have also contributed to altering
the forest ecology, with chestnut blight reducing American chestnut (Castanea dentata)—
once a towering forest tree—to sprout growth,
and beech bark disease beginning to reduce the
fruiting of American beech (Fagus grandifolia)
trees. The loss of both chestnut and beech fruit
has had a negative impact on wildlife. Invasive
insects like the hemlock woolly adelgid have
also had a huge impact on the forests. Just as at
the Arnold Arboretum’s Hemlock Hill, these
insects have decimated entire groves of mature
hemlocks in the Fells, resulting in their replacement with a successional habitat of young
sweet (black) birch (Betula lenta). On the other
hand, the arrival in the Fells of the beneficial
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beetles (Galerucella spp.) that eat purple loosestrife (Lythrum salicaria) has helped reverse
the advance of this invasive plant, which was
dominating wetlands. Although the deer population is relatively small, it still has had a negative effect on native lilies, which are also eaten
by the non-native scarlet lily beetle (Lilioceris
lilii). Other insects that pose potential future
threats to the Fells forest include the emerald ash borer (Agrilus planipennis) and Asian
longhorned beetle (Anoplophora glabripennis).
Research in biological controls is ongoing and
may eventually aid in controlling these highly
destructive insects.

The Never-ending Flora
With our current survey of the Fells we have
endeavored to make good use of Manning’s
intention to provide future generations with a
long-range understanding of its dynamic flora.
The Fells is a constantly changing system in
which plants come and go, and for that reason
no survey is ever 100% complete. In the year
since we concluded the survey, we have found a
further 23 taxa, 9 native and 14 non-native. This
reflects the reality of overlooking, especially of
difficult taxa like the graminoids and hard-todetect rare plants like the three-lobed violet
(Viola palmata), which we walked by dozens
of times before noticing it. The high number of
additional non-native plants we found confirms
our observation that these are continuing to
arrive at a rapid pace, but the finding of more
native plants also supports the existence of a
robust mature ecology in equilibrium. While
past policies of passive forest management have
allowed it to evolve naturally, a more active
management would aim to protect sensitive
priority habitats, reduce fragmentation through
trail closures, and remove invasive plants.
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