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!
'I' INTRODUCTION

N Monterey pine (Pinus radiata) is restricted to five locations, three
in coastal Califor-

nia and two on islands off the coast of Baja California (Figures 1 and 2). Though Monterey

_' pine is of limited distribution in its native habitat and is of little economic importance in theUnited States, it is the most widely planted pine tree in the world and of great economic
importance in other countries (Critchfield and Little 1966, Roy 1966).

I The purpose of this report is to provide a compilation of information on the distribu-
tion, ecology, and current status of Monterey pine. The need for a study of Monterey pine

"111 stemmed from the realization that much of the Monterey pine forest had been and
| continues to be removed for development and that much of the remaining forest has

become fragmented by this development. The California Department of Fish and Game

i (DFG) and The Nature Conservancy (TNC) have sponsored this study in an effort to gaina better understanding of:

Q • Monterey pine as a species,• Monterey pine forest as a biological community,
• the extent and character of the contemporary Monterey pine forest,

l • the extent and character of historical Monterey pine forest, and• the nature and extent of alterations to the native Monterey pine forest.

These data will be used in the development of a conservation plan for Monterey pineand Monterey pine forest. Two other reports on Monterey pine ecology have been prepared
by Jones & Stokes Associates for DFG and TNC. New findings concerning the relationships

'_ between Monterey pine forest and geomorphic features are described in the report The
10 Monterey Ecological Staircase: the Nature of Vegetation and Soils of Different Geomorphic

Surfaces of the Monterey Peninsula with an Emphasis on Monterey Pine (Jones & Stokes

Associates A list of published and unpublished references on the ecology of
1994a).

Monterey pine is provided in the report Selected Bibliography on Monterey Pine (Pinus
radiata D. Don) (Jones & Stokes Associates 1994b).

I
The description of Monterey pine ecology in this report is subdivided into ecological

i] subdisciplines and information is presented in the following sections:
• Species description

N • Distribution• Reproductive biology
• Growth

• Systematics/Taxonomic relationships• Associated species
• Soils and roots
• Fire ecology and ecological successionm
• Diseases and pests
• Commercial uses

,|
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I
'1 • Standhealth

• Genetic effects of nursery stock

I • Land use

METHODS

1 Literature Review and Personal Communications

I Most of the information on Monterey pine presented in this report was obtained
through a review of published and unpublished literature and personal communications with
individuals knowledgeable about Monterey pine. Key summary articles on Monterey pine

.N cited extensively in this report are Coleman 1905, Scott 1960, Roy 1966, and McDonald andLacke 1990.

N Historical and Present Distribution

1
Historical and present distribution of Monterey pine forest was determined using

I several methods. Historical and present distributions of Monterey pine and Monterey pineforest were obtained from various published reports. In addition, Jones & Stokes Associates
conducted original mapping of existing Monterey pine forest. To estimate the historic extent

1 of Monterey pine forest at Monterey, we combined our original data on the relationshipbetween geomorphic surfaces and vegetation from Jones & Stokes Associates (1994a), an
existing map of geomorphic surfaces by Dupre (1990), and our map of the present distribu-

tion.
Jones & Stokes Associates mapped present Monterey pine forest cover and all other

I land cover types within and surrounding the Monterey pine forest in the Monterey area.The land cover classification system used consisted of the following mapping units:

i • Monterey pine forest• Cypress forest
• Pygmy forest

I' • Bishop pine forest• Other forest types (e.g., redwood forest and Douglas fir forest)
• Oak woodland and savanna

t • Riparian forest and scrub
• Chaparral and coastal scrub
• Chaparral/grassland mosaic

I • Grassland
• Agricultural land

'1 • Developed land

i Monterey Pine Forest Ecological Assessment Distribution, Ecology, and Current Status94_0831ECOASSMT 3 September 12, 1994



i
Monterey pine forest was further divided into the following forest subtypes: i

t Monterey pine forest
• Monterey pine-bishop pine mixed forest J
• Monterey pine riparian forest

Mapping was conducted on 1:12,000 scale acetate topographic base maps (enlarged J
from 1:24,000 scale U.S. Geological Survey quadrangles) overlain on false-color infrared =
aerial photographs at the same scale. Land covers were identified from the aerial photo- II

graphs and rectified to the topographic overlay map using identifiable common features such J
as streams, ridgeerests, and roads. The minimum mapping unit was approximately 5 acres.
All map units contain smaller areas of other cover types that were subsumed into larger

mappingunits. I

Field surveys were conducted on February 15,16, March 24-27, and April 12, 1994, i
to ground verify aerial photograph "signatures" of vegetation mapping units, gather addi- I
tional ecological data, and confirm the eastward extent of Monterey pine distribution. How-
ever, most of the effort during these field surveys was expended in gathering site data on I
the association between Monterey pine forest, soils, and geomorphic surfaces. See Jones & I
Stokes Associates (1994a) for a description of this work.

t
Commercial Use

I
Information on commercial use of Monterey pine and the genetic changes resulting

from commercial forest improvement programs was obtained from published reports and i
contacts with knowledgeable individuals. I

SpeciesAssociations I

Species associations information for Monterey pine forest was obtained through i
literature reviews and original field work conducted by Jones & Stokes Associates. General
Monterey pine forest species associations are discussed in this report. A classification iI
system for Monterey pine forest subtypes was developed based on vegetative composition, il

geomorphic surfaces, and soils. See Jones & Stokes Associates (1994a) for a description of

the methods, results, and conclusions of this classification system. 1

Stand Composition and Health i

Most information on stand composition and health of Monterey pine forest was I
obtained from Huffman and Associates (1994). Jones & Stokes Associates conducted a

!

!
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I
i survey of forest conditions and land uses on the Monterey Peninsula. The survey was con-

ducted on February 16, 1994, and used roadside reconnaissance and contacts with know-

I ledgeable individuals to obtain site information. The results of this survey are presented inAppendix A.

I Fire History

I Sources used to obtain information on the fire history of the Monterey Peninsula
were the City of Monterey Fire Departments (Reid and Rodewald pers. comms.) and the

I California Department of Forestry and Fire Protectinn's fire analysis of the Morse fire(Taylor 1987), fire history maps on file at the King City office, and knowledgeable staff
(Marlow, Washington, and Musgrove pers. comms.). Jones & Stokes Associates contacted

i the Sacramento office of the California Department of Forestry and Fire Protection (CDF)to request fire history information for the Monterey Peninsula (Spiro pers. comm.). The
CDF database is incomplete and only contains records of fire occurrences since 1980. This

I database consists of points at the center of topographic map sections indicating where
incidents have occurred and includes information on cause, date, and acreage of fire. CDF
typically only has information on fires on lands for which the state is responsible. This task

I be difficult because of the lack of data, historical records, and locationsproved tO mapped
of burn limits.

I Genetic Effects of Nursery Stock

!
The genetic effects of nursery stock on native stands of Monterey pine were assessed

i based on published literature and contacts with knowledgeable individuals.

i LandUses

i Jones & Stokes Associates mapped land uses within areas that support Montereypine. Mapping was conducted simultaneously and the methods were the same as those
described above in the section "Historical and Present Distribution" using aerial photograph

I" interpretation, acetate topographic overlays, and some ground verification. The minimummapping unit was approximately 5 acres. The following land use mapping units were
delineated on the topographic base mylar:

i • Urban. These areas are heavily developed with sparse occurrences of Monterey
pine, mostly as street trees and never forming a forest. Many other species of

I horticultural trees occur here. Examples include the downtown areas ofMonterey, Pacific Grove, and Carmel.

I
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I
= Urban, golf course, urban park. These areas support mostly development, but III

scattered Monterey pine are present, sometimes with up to 20% canopy cover. l
Many other species of horticultural trees occur here. Examples include the urban

neighborhoods of Monterey, Pacific Grove, and Carmel. I

• Suburban. These areas support a Monterey pine canopy, usually over 20%
cover, with structures and yards underneath. Vegetation in the understory is ]i
usually non-native landscaping. It is uncertain where the Monterey pine forest II
is planted or naturally established within these areas. Examples include suburban

areas of Pebble Beach, Pacific Grove, Monterey, and Carmel Highlands. I

• Rural. These areas support Monterey pine forest with rural development
underneath. Lot sizes are greater than 1 acre. Much of the understory may be 1
natural vegetation except around structures and roads. In some areas the under-

1

story may be cleared or highly managed. Examples include the larger lot deve]- Ill

opment
of Pebble Beach, Monterey, and inland areas. 'l

areas

• Undeveloped. These areas support Monterey pine forest with naturally estab- 1

lished, relatively undisturbed understory. Structures and roads may be present, 1
but do not substantially break up the forest cover. Examples include undevel-
oped areas of Pebble Beach, inland areas around Jack's Peak, Point Lobos State

Park, and Lobos Ranch. I[

Geographic Information System Data Entry I

Land cover and land use data collected by Jones & Stokes Associates were entered I"
into a geographic information system (GIS). Geology data for the Monterey Peninsula from
Dupr_. (1990) were entered into the GIS by Jones & Stokes Associates with modifications I1
based on Jones & Stokes Associates' field survey data. In addition, soil survey data for the 'l
Monterey Peninsula were obtained in GIS format from U.S. Soil Conservation Service. GIS

coverages for the Monterey Peninsula created or obtained by Jones & Stokes Associates are: I
lUl

• Land cover types (including Monterey pine occurrences subdivided by land use)
• Geologic surfaces ii]
• Soils

Comparison of Ecological Conditions and Land Uses I

A comparison of ecological conditions and land uses was conducted using GIS data I
layers. Land cover acreages were calculated using GIS.

I
I
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'1' SPECIES DESCRIPTION

I In 1830 Thomas Coulter become first botanist collect
at Monterey, the to specimens

of Monterey pine (Griffin and Critchfield 1972). The species was first classified and named

by the Scottish botanist David Don (Stoddard 1947).Monterey pine is a tall, straight-trunked tree. Mature trees are typically 60-90 feet

i tail (Sudworth 1967). Needles are typically in clusters (fascicles) of three and are 2.5 to 6/ inches long (Hickman 1993). On some trees, two- and three-needled fascicles are present
and on the varieties of Monterey pine from Mexico nearly all fascicles are two needled.

i Branches and cones form whorls (actually tight spirals) about stems. Seed cones areconically shaped but asymmetrical and up to 6 inches long. The cones remain closed and
persist on the tree for many years. Young trees have narrow, rounded crowns and older

i trees have flat crowns (Sudworth 1967). Monterey pine exposed to wind and salt spray areusually of low stature, are wind-pruned, and have twisted trunks and branches.

I DISTRIBUTION

I Miocene, Pliocene, and Pleistocene Epochs

J Fossil evidence of Monterey pine in California from the late Miocene Epoch through
the Pleistocene Epoch, a period between about 7 million to 10,000 years ago, has been

t found in coastal areas from Tomaies Bay to Rancho La Brea (Axelrod 1967, 1980, 1988;Cain 1944). The closed-cone pine species, including Monterey pine, formed a continuous
forest on the outer coast and islands as recently as the late Pleistocene Epoch (14,500-

I 12,000 years ago) (Axelrod 1967). The distributions of Monterey pine, Bishop pine (Pinusmuricata), and knobcone pine (Pinus attenuata) overlapped to a much greater extent at that
time than they do today (Langenheim and Durham 1963, Axelrod 1967). As the climate

became hotter and drier, Monterey pine became more restricted to the immediate coast(Axelrod 1967). Populations of Monterey pine became isolated from each other at
favorable climatic sites along the coast.

!
i Holocene Epoch

i: During the Holocene Epoch, starting about 10,000 years ago, Monterey pine forestsbecame restricted to five locations, three in California and two on islands off the coast of
Baja California (Figures 1 and 2) (Roy 1966, Griffin and Critchfield 1972). The

i northernmost forest is between Aflo Nuevo and Swanton (referred to hereafter as the "AfloNuevo" occurrence) in southern San Marco and northern Santa Cruz Counties (Figures 2
and 3). The largest area of Monterey forest occurs in northern Monterey County on the

I
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I
Monterey Periinsula, inland areas from the peninsula, and Point Lobos (referred to hereafter I
as the "Monterey" occurrence) (Figures 2, 4, and 5). Monterey pine forest occurs in San
Luis Obispo County from north of Pico Creek to south of Cambria (referred to hereafter i
as the "Cambria" occurrence) (Figures 2 and 6). !1

Two smaller occurrences of Monterey pine are on Guadalupe and Cedros Islands, II
Mexico (Libby et al. 1968) (Figures 1 and 7). These pines have needles in groups of two, n
rather than three, and are called Guadalupe Island pine (Pinus radiata var. binata) and"
Cedros Island pine (Pinus radiata var. cedrocensis). Cedros Island supports the southernmost |
population and is relatively close to the mainland (referred to hereafter as the "Cedros" _il
occurrence). Guadalupe island supports Monterey pine forest on its northern end (referred
to hereafter as the "Guadalupe" occurrence). Guadalupe Island is about 175 miles from I[
mainland Baja California. n

Present I

Indigenous Forest I

Scott (1960) states that the extent of Monterey pine forest in 1931 was 6,000 acres I[
at Monterey, 2,000-3,000 acres at Cambria, and a few hundred acres at Afio Nuevo. Roy I

(1966) estimated the size of the Monterey pine forest to be between 8,000-12,000 acres at
Monterey; about 3,000 acres at Cambria; and less than 1,000 acres at Aflo Nuevo with much I
of the pine in mixed stands (Figures 3, 5, and 6). McDonald (1959) estimated the total area

u

of four occurrences of Monterey pine forest (he did not include the Cedros occurrence) to lira

be about 30,000 acres, with the Monterey occurrence comprising approximately 12,000 acres •
of the total (Figure 4). I

A recent report on remaining natural forests of Monterey pine estimates that l
Monterey supports 6,900 acres of "native stands," Cambria supports 2,300 acres, and A/Io

g

Nuevo supports 1,500 acres (Figures 3, 6, and 8) (Huffman and Associates 1994). Estimates In
from Jones & Stokes Associates' forest mapping indicates that about 9,400 acres of. l
Monterey pine with natural understory occurs at Monterey (Figure 9).

A

Significant differences exist between the extent of remaining "natural" Monterey pine I
forest at Monterey estimated by Jones & Stokes Associates and that estimated by Huffman"
and Associates (1994). Huffman and Associates (1994) identified 6,900 acres of remaining /
Monterey pine forest in native stands (Figure 8). Jones & Stokes Associates identified |
9,405 acres of remaining Monterey pine forest in undeveloped areas with natural understory

vegetation (Figure 9). There appear to be four main reasons for these differences: './
W

1. Different forest cover type criteria were used. Jones & Stokes Associates
mapped Monterey pine forest with natural understory. Huffman and Asso- Ill
elates (1994) mapped "native stands" of Monterey pine forest, a classification I
not clearly defined in the report. Many of the sites mapped in the two efforts

I
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