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Forest Synthesis #1  
Acadia National Park Forest Ecosystem Site Description 
 

Geography  

44.3386° N, 68.2733° W 
 
The state of Maine includes the Longfellow and Appalachian Mountains and is surrounded by 

Canada to the north, Vermont to the west, and the Atlantic Ocean east and south.  The state of 

Maine is more than 90% forests.  Acadia National Park (“Acadia”) was created in 1916 and can 

be found on the mid-section coast of Maine, with most of the acreage found on Mt. Desert 

Island.  The park contains mountains, forests, rocky coastlines, salt marshes, and lakes and 

streams.  USGS (n.d).   

          
   Fig. 1  State of Maine map    Fig. 2  Acadian National Park map 
  Graphic courtesy of WorldAtlas.com   Graphic courtesy of NPS  
 

Climate 

Acadia is located halfway between the North Pole and the equator around 45°N latitude.  The 

park is located in the transition zone between the temperate boreal forest and the eastern 

temperate deciduous forest.  USGS (n.d). Temperatures along the coastline of Maine are 

controlled by the ocean.  During the summer months, the cold water of the Gulf of Maine keeps 

the temperatures moderate along the coast and in Acadia (while the inland is warmer).  During 
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the winter months, the ocean temperature is warmer than the land temperature, and it warms 

up the coastline (while the inland is colder).  Kaiser (2022).   

 
Fig 3.  Average Temperature and Precipitation at Acadia National Park. 
Chart courtesy of Nationalparked.com & weatherwx.com 
 

The North Atlantic Oscillation (NAO) weather system also influences the temperatures bringing 

either milder or colder temperatures, and decreased or increased storm activity.  Snow and ice 

storms occur in winter and early spring, rain occurs throughout the year, and in the summer 

months, fog is commonplace.  Kaiser (2022).   

Physiography/Topography and Soils  

Acadia is made of bedrock containing sedimentary (sandstone and siltstone), igneous (granite), 

and metamorphic (volcanic) rocks.  Different forces shaped the landscape, including Pleistocene 

glaciers and the ocean, and you can find striations, boulders, cobblestone, and basalt dikes 

scattered throughout.  Rocky cliffs are found on the coast of the park, and out of the twenty 

mountains in the park, Cadillac Mountain (made of granite) is the highest point along the 

eastern seaboard at 1,530 ft. above sea level.  Graham (2010).  Acadia contains over 47,000 

acres with approximately 27% of that being swamps, marshlands, lakes, and ponds.  

The soils found in Acadia are 15,000 years old and have a classification of Spodosols, which 

have unique colors in the soil horizon.  The soils around Acadia can be either shallow or deep 
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Summers in Acadia can have 

temperatures that fluctuate 

between 45°F to 90°F.  Both 

Spring and Fall can bring 

temperatures between 30°F 

and 70°F, with spring having 

fog.  Winters in Acadia vary 

from 14°F to 35°F.   Of course, 

temperatures at mountains 

peaks are colder than those 

on the lower altitudes.   

NPS (2021).   
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with bedrock underneath.  The parent materials include glacial till from the last glaciation.  

Munsell (n.d.). 

Variations in the climate between the sub-alpine mountain peaks and the rocky coast are many.  

Temperatures are much lower, winds are much higher, and more snow falls at the mountain 

peaks.  The rocky coast line deals with changes in ocean wind temperatures.      

Plants and Other Primary Producers  

Because Acadia has different altitudes and is located on a coast, it contains both warm and cool 

forest plants.  You can find plants here that are at the boundary of their geographical range.  

Within the park, there are 1,929.7 ha of deciduous forest land, 5780.1 ha of Evergreen forest 

land, 4977.8 ha mixed forest land, 426.6 ha shrub and brush rangeland, and 37.4 ha of 

herbaceous rangeland.  There is also 876.0 ha of forested wetlands.  Vaux et al. (2008).   

Acadia contains over 30 coniferous and deciduous trees.  The top three coniferous (needle-leaf) 

tree species are Eastern white pine (Pinus strobus), Red spruce (Picea rubens), and Balsam fir 

(Abies balsamea).  The way to distinguish between the three are their needles, trunk bark, and 

cones.   

Eastern (aka Northern) white pine found in New England prefer drained sandy deposits or sand 

and gravel deposits.  They can live for 200 years, reach heights up to 150 feet, and are part of 

old-growth forests. They prefer cool and humid climates and grows best in elevations between 

sea level and 1,500 feet.  Wendel and Smith (n.d.). 

 
 

Red spruce are found in shallow till soils throughout Acadia.  They can live for 350 years, reach 

heights up to 65 feet, and are part of old-growth forests.   They prefer cool and moist climates 

and are found at elevations from sea level to 4,500 feet.  Blum (n.d.). 

Fig. 3 – White Pine Tree # 1.  Needles # 2.  Bark of young trunk # 3.  Bark of old trunk # 4.  Cones # 5.  
Photos courtesy of NPS  
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Fig. 4  Red spruce tree # 1.  Needles # 2.  Bark # 3.  Cones # 4. 
Photos courtesy of NPS  
 

Balsam Fir are found in well-drained hillsides and in damp woods with inorganic or organic soils.  

They can live for 200 years, reach heights up to 60 feet, and are part of old-growth forests.  

They prefers cool, moist climates and are found at elevations from sea level to 6,200 feet.  

Frank (n.d.). 

                    
Fig. 5  Balsam Fir tree # 1.  Needles # 2.  Bark # 3.  Cone # 4. 
Photos courtesy of NPS  

 
One of Acadia’s perennial shrubs found in the forest is the lowbush 

blueberry bush (Vaccinium angustifolium).  They prefer moist, acidic 

soils.  They actively grow during spring and summer, and reach 

heights of 2 feet.  They are drought tolerant and can live up to 20 

years.  They prefer the climates of the northeastern portion of the 

United States.  Skillins (2020).  
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Fig. 6 Lowbush Blueberry  
Photo courtesy of NetPS Plant Finder 



6 
 

One key interaction in the Acadia forest is mutualism between the trees and mycorrhizae.  

Mycorrhizae helps trees to increase their root structure and movement of nutrients, while the 

trees provide the fungi with carbohydrates.  Another key interaction is the commensalism 

between (1) trees and epiphytes.  Ephiphytes (lichens, air plants, ferns) grown on trees and do 

not harm them.  There is no negative harm done to the tree and the epiphytes get a place to 

gather sunlight and water to grow.  Another commensalism interaction includes “nurse” logs 

providing habitat for seeds to sprout and grow on.  The nurse log is decomposing providing 

nutrients and a place to grow.   

Wildlife and Other Higher-Order Consumers 

One of the keystone species living in Acadia includes the North 

American beaver (Castor canadensis).  The beaver is a 

ecosystem engineer who makes dams that create wetlands in 

forested wetlands and from streams in uplands.  They are very 

social, live in colonies, and mate for life.  Females give birth to 

2 to 6 kits (offspring) usually between May and June.  Beavers 

are herbivores and prefer deciduous trees like aspens, willows 

and cottonwood trees.  NPS (2021). 

The Peregrine falcon (Falco peregrinus) is a protected raptor 

that was once on the federal endangered species list.  In the 

1960’s, Peregrine falcons almost became extinct in areas south 

of the boreal forests in Canada and east of the Rocky 

Mountains.  It is found throughout North America mostly in 

river valleys, coastlines, and mountain ranges.  Peregrine falcons 

nest on cliff ledges and can also be found on tall manmade  

structures.   They are believed to dive at speeds of more than 200 mph.  FWS (2000).   

Carnivores are rarely seen in the park, but red foxes, coyotes, bobcats, and even black bears do 

live in the forests.  They are being studied in the park to see how the populations are changing.  

The Northern long-eared bat (Myotis septentrionalis) is a species impacted by white-nose  

Fig. 7 North American Beaver 
Photo courtesy of NWF 

Fig. 8 Peregrine Falcon  
Photo courtesy of NWF 
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syndrome.  It was listed as “threatened” under the Endangered 

Species Act in 2015.  This bat winters in caves and mines, and 

summers under bark or in cavities of snags and/or live trees.  

They breed during late summer and early fall and use delayed 

fertilization.  You can find them feeding in the understory of 

forests (while flying).  FWS (2015).  

Disturbances 

Acadia National Park disturbances include (1) fire, (2) slope failure from spring thaws, 

precipitation increases and saturated soils, (3) coastal erosion and flooding from storm surge 

and sea level rise, and (4) human activity impacts.  Graham (2010).    

Indigenous Peoples and Land Stewardship 

Indigenous people inhabited the area about 6,000 years ago.  The Wabanaki, including the 

Maliseet, Micmac, Passamaquoddy, and Penobscot tribes, call parts of the park their traditional 

homelands, especially Mount Desert Island.  The Wabanaki used local natural resources to 

make a slew of necessary survival implements.  They used local animal bones to make harpoons 

and fishing hooks.  They used local stone to make knives, arrowheads, and chisels and gouges 

(for woodworking).  They made canoes and baskets out of birch bark and made pottery from 

local clay.   

Today, the Wabanaki maintain reservations for each tribe, even though they only own less than 

1% of the land in Maine.  They believe in sustainable harvesting and conservation of the lands, 

and like most Native Indians, they have a strong relationship with nature.  There are residents 

and programs working to return land back to the Wabanaki for stewardship.  Graham (2010).   

Contemporary Land Management 

Most of the land in Acadia was donated to the federal government through conservation 

easements, and they currently protect 12,00 acres of land.  NPS (2015).  Many issues face 

Acadia National Park including atmospheric deposition, eutrophication, contaminants, changes 

in fire regime, altered hydrology, habitat loss and fragmentation, disturbance from tourism, 

exotic species, pests and pathogens, and climate change.  Vaux et al. (2008).   

 

Fig. 9 Northern long-eared bat   
Photo courtesy of John MacGregor 



8 
 

Forest Synthesis #2 
Temporal Dynamics of Forests:  Acadia National Park Forest  
 
 
Forest Conditions at the Time of Disturbance 

Prior to the invasion of Garlic Mustard (Alliaria petiolate), the Spruce-Fir forest was the most 

extensive vegetation type at Acadian National Park.  The dominant tree species is Red Spruce 

(Picea rubens), with over 60% cover.  The forest also contains Balsam Fir (Abies balsamea) at 

approximately 20% coverage and a few deciduous trees -- Red Oak (Quercus borealis), 

American Mountain Ash (Sorbus americana), and American Aspen (Populus tremuloides).  The 

Lowbush Blueberry (Vaccinium angustifolium), Canada Mayflower (Maianthemum canadense), 

and Starflower (Trientalis borealis) make up the understory and only offer 10% cover.  Moss is 

found throughout the park, and lichens decorate the tree trunks due to the moisture.   The 

remainder of the understory is the regeneration of the spruce and fir trees.  The trees in this 

Spruce-Fir forest include both old growth conifer trees and trees of varying ages and sizes from 

seed regeneration.  DACF (2021).   

Disturbance Description  

Garlic Mustard (Alliaria petiolate) has quickly taken over the understory of this Spruce-Fir 

forest.  It has already spread throughout thirty percent of the Acadia National Park, which is 

over 15,000 acres (out of 49,075 acres).  Garlic Mustard has a 2-year lifespan, and it flowers and 

seeds in the second year before it dies off.  Each plant can generate hundreds of seeds which 

are dispersed by wind, gravity, and animals.  Stinson et al. (2007).   

The animals that live in the forest have trampled the forest floor which has allowed this invader 

to grow and spread faster.  Since the Garlic Mustard seeds can lay dormant for two to six years, 

the plant can sprout once it receives enough water to germinate.  Cox (1999).    

Other disturbances in the forest include browsing by deer, hares and other small animals, 

trampling on trails by visitors, and even hurricanes.  These disturbances can help make the 

dispersal of the Garlic Mustard much worse.  Harris et al. (2012).    
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Forest Conditions Immediately After Disturbance 

The Garlic Mustard took over the sparse understory in many acres of forest and outcompeted 

the understory native plants and the spruce and fir seedlings for sunlight, nutrients, and soil 

moisture.  This caused an immediate reduction in biodiversity of understory plant species and 

less berries and leaves for the herbivores of the forest (white-tailed deer, showshoe hare, 

chipmunks, squirrels, mice, and voles).  The loss of native understory plants and especially the 

moss, has also caused a threat to the soil organisms and fungi relationships.  Stinson et al. 

(2007).   

The animals in the forest avoid the Garlic Mustard due to its bitterness and cyanide.  With no 

real consumers in the forest, the Garlic Mustard will continue to take over the understory of the 

entire forest if no immediate action is taken.  

Garlic Mustard dominates in areas from New England over to the Midwest, and from Southern 

Ontario down through Tennessee, so even if removal of this invasive species occurs, there is a 

high probability that it will return.  Welk et al. (2002).   

Life History Strategies and Traits of Dominant Plant Species 

Red Spruce and Balsam Fir are conifers (gymnosperms) that produce cones which holds seeds 

and pollen.  They are also considered “soft wood.”  Conifers are frost resistant and have waxy 

needles to minimize water loss and protect from winds.  Their root systems are wide-spreading 

and shallow, and they can grow in light to heavy soils.  They are both shade-tolerant but need 

abundance moisture.  Conifer pine cones are adapted to fire as the shell protects the seeds 

from fire and the heat dries out the shell, causing the cone to open and release the seeds.  Red 

spruce has serotinous cones while the Balsam Fir cones grow upward and are not serotinous.   

      

 
 
 

 

Fig. 1  Red Spruce tree shape and the 
needle and cone structure 
Source: ncforestservice.gov 

Fig. 2   Balsam Fir tree shape and the 
needle and cone structure  
Source: eekwi.org  
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Fig. 1 and Fig. 2 show the shapes and structures of the Red Spruce and the Balsam Fir.  Red 

spruce needles have four sides and are sharped-pointed.  Balsam Fir needles are flat and soft.  

Red Spruce average 60-75’ in height and can live up to 350 years.  Blum (1999).  Balsam Fir 

average 45-75’ in height and can live up to 200 years.  The crown shape of the Balsam Fir is 

narrow, dense and spire-shaped while the Red spruce crown is narrow and conical-shaped.   

Cox (1999).  For both the Red Spruce and Balsam Fir, water moisture is more important for 

germination than sunlight.  Balsam Fir roots penetrate deeper and grow more quickly than Red 

Spruce.   The biggest competition for the Red Spruce is the Balsam Fir.    

Succession and Stand Development 

The stands in the forest were closed canopy with mostly Red spruce and Balsam fir.  American 

Mountain Ash, American Aspen, and Red Oak were scattered amongst these trees.  There are 

legacies, both live and dead trees (snags or downed logs), and moss scattered among the forest 

providing places for seedings to grow and animals to forage for food and find places to live.  The 

forest contains old growth, young trees, and seedlings.   

This disturbance from Garlic Mustard will take years to affect the structure of the forest.  

However, that future lack of conifer seedlings will cause irreparable harm in the regeneration of 

the forest.  As the older trees die off, there will be a reduction in the replacement of the 

conifers through seedlings.  The canopy will become more open and the deciduous trees will 

start to become the dominant species.  This in turn will not only affect the trees, mosses, and 

lichens but also the hydrology of the forest as the open canopy will allow more precipitation to 

hit the ground, changing the understory vegetation types.     

The forest will begin a new seral stage as the forest changes to deciduous trees and its new 

understory plants due to changes in light and soil moisture.  Climate change will only make this 

situation worse, bringing warmer temperatures that these boreal forest conifers do not grow 

well in.   

 

 



11 
 

Species Interactions During Succession 

Plant species interactions during succession include competition for light and water.  As the 

Garlic Mustard shoots up (approximately 39 inches) in its second year, it will block sunlight to 

the native understory plants and the conifer seedlings and they will start to die off.  The mosses 

will still continues its work retaining water and stabilizing the soil.  Small animals in the forest 

will still have places to hide and forage.  However, because the understory plants are dying off, 

animals will lose access to the blueberries and leaves from those plants.  As more sunlight 

filters into the forest from loss of canopy cover, more sun-loving plants will move in (including 

the Garlic Mustard if not controlled).   Changes in the tree and understory plant species will 

alter the species of animals that live in the forest.   

Disturbance-Succession Diagram 
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