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FOREWORD

This report reproduces a manual developed by the National Park Service's Air
Quality Division in 1984 and 1985. The manual is being used by park staff to
evaluate conditions on common milkweed plants :that indicate the presence or
absence of air pollutants. This work is done only in park units where the
plant occurs, which is the midwest and central eastern states. Any reader may
follow the manual for their own purposes as they so wishs Users in natiomal
parks, however, are requested to do so in conjunction with the Air Quality
Division Annual Milkweed Survey by contacting the authors.

INTRODUCTION

Air pollution has become an increasingly common problem in many sections of the
United States. Some national park units do not have the pristine air quality
that is a part of our national heritage. Most of the contaminants found in the
air today are the result of mans' activities. Sources of pollutants can be
localized, such as smelters and power plants, or more regional, for instance
large urban areas or busy highway corridors. Many substances are present in
polluted air, but the ones of common concern to pollution scientists are ozone
(03), sulfur dioxide (SO3), fluoride (F) and trace elements (Zn, Cd, As, Cu,
Pb, etc. ). On a national level, ozone is believed to be the most ubiquitous
pollutant and the cause of most of the injury to sensitive biological re-
sources. Few national parks in our country are free of ozone pollution.

Extensive air pollution research has shown that plants are far more sensitive
than animals to air pollution. The Research Branch of the National Park Ser-
vice's Air Quality Division (AQD) consequently strives to identify susceptible
plant species and use these species as biological indicators (biomonitors) of
air pollution stress. Lichens, mosses, conifers, broad-leaved trees, shrubs,
herbs and grasses all have member species that are susceptible to air pol-
lution. The difference in species susceptibility to air pollution is still
being studied. In general, leaves are the most sensitive organs of the plants
and species with mesophyllous (water-loving) leaves are often more susceptible
to air pollution.

To evaluate the effects of air pollutants on biological resources in national
parks, the AQD has undertaken a variety of scientific approaches. A major
goal is to determine the geographic extent and severity of air pollution injury
in each park. Fumigation studies are designed to increase our knowledge of
the susceptibility of different species to an air pollutant. Once the suscep-
tibility of a species 1is known, a visible injury survey of the sensitive
species can be conducted. If a more extensive study of the species is war-—
ranted, i.e., high pollutant levels have been recorded or injury is fairly
common, short—term or long—-term biomonitoring plots can be established and
air pollution injury and plant vigor can be more extensively quantified.
Long-term trends in air pollution effects can be determined from these plots.
Typically, air pollution susceptible species of conifers or hardwood trees are
utilized for this purpose. Another approach to biomonitoring of air pollution
effects is to plant air pollution susceptible species, native to the park



unit, in a common garden near ambient air pollution monitors. The biomoni-
toring garden then indicates to the researcher what pollutant levels are toxic
to the species under the environmental conditions of the garden. Biomonitoring
gardens are most useful when used in conjunction with field plots of the same
species. When trace elements or heavy metals are suspected air pollutants,
sampling of park vegetation using a sophisticated sampling technique, designed
to deal with natural elemental variation, for levels of elements is performed.
Trace elements and heavy metals can have devastating impacts on ecosystems
because the elements accumulate in the plants and soils and in the food chain.

The milkweed study is an example of short—-term biomonitoring plots containing
a native species highly sensitive to ozone. The purpose of the milkweed plots
is to identify parks and regions where air pollution stress is greatest and to
compare the severity of ozone stress from one year to the next. The species
of milkweed used occurs only in the eastern United States. This manual should
not be used in western United States parks because Asclepias syriaca L. does
not occur there.

The 1984 milkweed survey showed that parks in the middle to southern part of
the Mid-Atlantic Region and the eastern portion of the Midwest Region had the
greatest amount of ozone injury on common milkweed.

METHODS

Plot Establishment and Evaluation

Each participating park will identify areas where common milkweed is growing.
If the species was observed previously, it will probably be found in the same
vicinity since it propogates from underground rhizomes as well as seed. Each
park should select a number of sites (1 plot at each site) which satisfy the
following criteria. The number of plots per park is dependent on the abundance
and distribution of A. syriaca within the park and the size of the park. The
number of plots per park should be chosen such that:

l. The park is adequately represented throughout the range of A. syriaca in
the park. Ten (10) plots per park are adequate for most parks. If a park
is small in area, then it may not be possible to find 10 plots; in this
case a lesser number will suffice.

2. The plots themselves should be as well spaced as possible within the park
(including a range of elevations if possible).

3. The plots should not be located immediately adjacent to any roads. They
should be at least 30-50 meters from the road to avoid confounding effects
of exhause pollutants.

4. Each plot should contain no less than 10 individual plants. There are no
limitations on the size of the plot at each site. NOTE: The plants should
not be spaced so far apart that the environment changes appreciably, as
plant growth may not be constant under variable conditions. Generally, all
10 plants should be within 30-50 meters of each other.



The plots in each park should then be numbered 1-10 and located on a topo-
graphic map. From each plot a minimum of 10 individual plants should be
selectede Each plant should have 10 to 16 leaves greater than 657 fully
expanded or greater than 10 cm in length. Each plant and leaf should be
marked in some way, e.g., using paper tags on string (as inconspicuously as
possible) to number the plants and waterproof ink, colored yarn, etc. to mark
the petiole of each evaluated leaf or pair of leaves. These numbers should
be retained for the duration of the study. Each plot should be afforded some
kind of protection (e.g., from mowing, etc.) to minimize losses. Staking the
plots and running string to the corner plot stakes may suffice to prevent
unintentional plot destruction. The plots should not be made permanent, but
should be relocatable in future years if the project is continued.

Two ozone injury evaluations are requireds The first evaluation should occur
between June 15 and June 30. The second evaluation must be between August 15
and August 30. Evaluation of the plots must be performed during these time
periods to allow for comparisons of injury between parks.

The investigator will be required to return the following materials to the
Air Quality Division following each summer's work:

l. Topographic maps showing plot locations.

2. Pressed leaves showing ozone .injury, with written injury evaluations for
quality (type of symptom) and quantity (percentage evaluation of amount
of injury) assurance checks by the Air Quality Division. ' These pressed
leaves should be collected from one of the plots (with the most injury)
after the final (August) evaluation.

3. Data sheets for all plots, with summary data analyses (mean and standard
deviations) for each plot.

Visible Foliar Injury Symptoms from Exposure to Ozone

Ozone produces a type of injury on milkweed leaves that is unique and easy to
diagnose. This injury typically results in sharply defined, small dot-like
lesions which are observed only on the upper leaf surface. These lesions are
frequently black-purple in color (see Photos. 2-8). The veins are usually not
affected. Pigment formation may produce an overall dark discoloration of the
upper leaf surface when lesions are dense and coalesce. Please ignore all
other leaf injury symptoms.

The position of injury on the leaf may vary. In general, the location of
ozone injury on a leaf is determined by the developmental sequence of tissue
maturation in the leaf. Leaf cells that are fully differentiated, have developed
intercellular spaces but do not yet have suberized cell walls, are the most
sensitive to ozone injury. Consequently acute ozone injury tends to develop
towards the tip of younger leaves, in the center of older ones, and at the
base of the oldest affected leaves. Foliage frequently exposed to ozone may
exhibit injury symptoms all over the upper 1leaf surface. Leaves ranging
from about 65-95% of their full size tend to be the most sensitive to ozone
injury.



Procedures for Plot Evaluation

For each plant in each plot (also see explanation of data sheet):

l. Measure the individual heights of the plants from base to apex in centimeters.

2. Count the number of leaves showing ozone injury.

3. Count the total number of leaves on the plant. Do not include apical leaves
which are not fully expanded, i.e., those which are still in a vertical
position and have not oriented their upper surfaces to the sun (e.g. see
Photo. l. in which the top 5 leaves would not be included). In general,
evaluate only leaves that are at least 657 fully expanded.

4., Estimate the percentage of the total leaf area of each leaf that has ozone
injury. If the number of mature leaves on the plant exceeds 10 (which
usually will occur by the second sampling date) then enter data for the
uppermost 10 mature leaves only (See Data Sheet).

5. Record any presence of the monarch butterfly (larvae, chrysalis, butterfly)
on each plant (Photo. 10).

6. Record the number of seed pods per plant.

From the data collected the investigator should then calculate the means and
standard deviations and enter these on the data sheet in the spaces provided.

Monarch Butterfly

The monarch butterfly (Danaus plexippus Linn. ) has a close ecological relation-
ship with the milkweed plant. Eggs are deposited on the plant and the develop-
ing larvae feed on the leaves, ingesting cardiac toxins in the leaves which
render the mature butterflies unpalatable to predators.

The monarch is one of the few North American butterflies that migrates to
South America for the winter. Several generations are produced each winter
in South America before the monarch returns to its summer breeding home in
North America. The returning monarchs then produce two generations before
returning to South America in the fall to repeat the cycle.

Monarch survival is tied closely to the chemical defense system derived from
the milkweed toxins and to the nutrition supplied to the developing larvae
from the leaves of the plant. Asclepias syriaca is an important species and
a common host for the monarch. The relatively high susceptibility of common
milkweed to ozone injury and the prevalence of ozone injury on milkweed plants
throughout the eastern United States suggests a hypothesis that ozone injury
on milkweed leaves may affect the 1life cycle of the monarch butterfly. 1In
order to determine if monarchs are feeding on park milkweeds, record the
presence of any developmental stage of the monarch butterfly (Photo. 10) if it
is observed on any plants in the plots (See Data Sheet).




Quality Control of Symptom Evaluation

Pressed leaves should be prepared to verify the ozone injury symptoms (black-
purple stippling) and to evaluate the quantification of 03 injury on the
leaves. The leaves removed for pressing should be taken from plants in the
plot with the most injury after the final injury evaluation. The Ileaves
should represent a gradation of 03 injury found at the plot, e.g., include
leaves with the greatest and the least levels of injury plus some intermediate
levels. Four (4) leaves per plant from 5 plants will be sufficient. Pressed
leaves and the evaluation of the percentage of 03 injury on those individual
leaves should be returned to the Air Quality Division Office after the
last period of sampling. The leaf data should be included in the package
containing the pressed leaves, which should be mailed with the pressed leaves
unmounted (do not glue the leaves to any surface since the underside of the
leaf must be examined to verify the ozone injury).

The following procedure is recommended for the evaluation, collection, drying
and mailing of the leaves for the quality assurance check:

1. Evaluate the ozone injury on the plants in the plots as described previously
in this manual.

2. Select twenty (20) of the evaluated leaves as representative of high, low
and intermediate levels of injury (include leaves to represent the whole
range of visible injury).

3. For each leaf, record on a business—-size envelope (8.5 x 4 inches) the plot,
plant and leaf number, the date of collection and the percent evaluation of
visible injury (the percentage of the total leaf area with black-purple
stippling). The percent ozone injury recorded on the envelope should be
the same as that recorded on the data sheet for that leaf.

4, Place each leaf in an envelope and repeat this procedure until twenty
leaves have been collected.

5. Return with the leaves to the building where the leaves are to be dried.

6. Remove each leaf from each envelope and place each leaf individually between
two sheets of paper (newspaper, etc.). Carefully copy the information
(plot, plant, leaf number, date and % visible injury) from the envelope to
the sheets of paper. Place the sheets of paper containing the leaf (with
the appropriate identification) into the plant press for drying. If there
is none available then a simple press may be made by placing the leaves
(separately and with identification) between sheets of newspaper and in-
serting between two sheets of corrugated cardboard. Sandwich this between
2 pieces of wood or hardboard and close as tightly as possible using rope
or weights. The press should be left in a well ventilated room to allow the
leaves to dry out (this will only take a few days in dry climates).

Diagram of Leaf Press

XXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXX <--- wood
000000000000000000000000000000000000000000 <--- corrugated cardboard

[T 1711717771711 /11 <-—- newspaper
m============= <--- leaf

iy
000000000000000000000000000000000000000000

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX
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7. When the leaf is dry (brittle), remove it from the sheets of paper and care-
fully replace the leaf into the correct envelope (same envelope as in #3
above). Combine all twenty envelopes (8.5 x 4 inches) and mail in a larger
envelope to the Air Quality Division Office. It is imperative that the
Ieaves be clearly marked as to location and date of collection and contain
a clear, quantitative evaluation of the percentage of 03 injury on each
leaf.

1f there are any questions relating to any of the procedures, please contact the
author for clarification.



NATIONAL PARK SERVICE - AIR QUALITY DIVISION - MILKWEED

SURVEY DATA SHEET

COLLECTED BY:

PLOT LOCATION:

SITE CONDITIONS:

NPS UNIT: MOISTURE:
LOCALITY: ELEV (FT):
TOPO MAP: GENERAL COMMENTS:
DATE: PLOT NO (1-10):
PLANT |[HEIGHT| NUMBER| TOTAL |% INJURED PERCENT LEAF AREA MEAN % MONARCH |NUMBER
NUMBER | (CM) |INJURED|NUMBER LEAVES INJURED BY LEAF AREA |BUTTERFLY| OF
LEAVES |LEAVES |PER PLANT O0ZONE PER LEAF INJURED |(STAGE & | SEED
(BLACK/PURPLE STIPPLING) - NUMBER) | PODS
1
2
3
4
5
6
7
8
9
10
IOy
I
1111111101111
TOTAL [0 010 1T
[111117117171711171111111
/1111111111011
MEAN /1111 1077717777111171117
‘ 111111100
1111111111117
S.D. 1111111711171
] i




i

PLANT NUMBER:

HEIGHT (CM):

NUMBER
LEAVES
INJURED:

TOTAL NUMBER

LEAVES:

PERCENT
INJURED
LEAVES/
PLANT:

% LEAF
AREA
INJURED:

MEAN 7%

LEAF AREA
INJURED:

MONARCH

BUTTERFLY:

SEED
PODS:

Explanation of Data Sheet

From 1-10.

Height of each milkweed plant in centimeters, from base to
apex.

Number of leaves on the plant showing the black-purple
stippling of ozone injury (Photos. 2-8).

Total number of mature (> 65% fully expanded or > 10 cm in
length) leaves on each plant. Typically the leaves below the
newly initiated whorled leaves at the shoot apex (Photo. 1).

Number of leaves showing ozone injury per plant divided by the
total number of mature leaves per plant times 100.

Visual estimate of the percentage of the total area of each
individual leaf showing ozome injury (Photos. 2-5).

Mean of the percent leaf area injured per plant. For each
plant sum the individual percent injury for the ten evaluated
leaves and divide by 10.

Record the total number of any developmental stage (larva,
chrysalis, butterfly) of the monarch butterfly on each
plant (Photo. 10).

Record the total number of seed pods on each plant.

To summarize each plot calculate the mean and standard deviation for all
parameters (See data sheet).



BOTANICAL CHARACTERISTICS OF ASCLEPIAS SYRIACA L.

The family Asclepiadaceae is characterized by plants that have a thick white sap
exuding from any cut or broken surface. The flower structure is wunusual,

with the tips of the five stamens being more or less joined with each other
" and also joined with the broad stigma, which is supported by two styles, one
for each of the two ovaries. The pollen of each stamen is lumped in two waxy
masses, each one connected with the mass of the adjacent stamen. The fruit is
a follicle (pod); two can be obtained from each flower but few of the flowers
result in pod formation. The seeds are tipped with long silky hairs for wind
dispersal.

The genus Asclepias is characterized by flowers that have a deeply cleft corolla,
with the five lobes turned back and downward thus concealing the calyx. A
crown (corona) is formed of five cups above the junction of the corolla lobes,
each one a short tube. From within each cup rises a curved horn, its point
directed toward the stigma. The adjoining masses of pollen are tightly attached
by a triangular gland that lies between them. Insects can get caught in this
pollen mass and if they are large enough they will carry it off to the next flower
visited. Flowers of this genus are borne in large clusters on stalks that all
radiate from a central point (an umbel) at the tip of a branch or stem or in
the axil of a leaf.

The species Asclepias syriaca L. (common milkweed) is recognized by a solitary,
simple stem, 0.5-2 m tall, tomentulose to glabrate. The leaves are opposite,
widely elliptical to ovate—elliptic, 6-30 cm long, 3-10 cm wide, and thick. The
surface of the leaf is tomentose beneath and glabrate above. The petioles are
short and thick. There are typically 2-6 umbels in the upper nodes which are
5-10 cm broad. The flower peduncles are 3.5-8.5 cm long and the pedicels are
3-4 cm long. The corolla is rose or greenish-white with the lobes 7-9 mm long
and reflexed. The corona is 3-6 mm in diameter with the lateral hood margins
having a single median tooth. The horns nearly equal the hoods and arch close
above the gynostegium. The follicles are erect, 8-12 cm long, 2.5-3.5 cm
broad and muricate. Flowering period is from June to August. The plants are
common along roadsides, in fields and meadows. The species is usually found
from New Brunswick to Saskatchewan and south to Georgia and Tennessee and west
to Iowa and Kansas.







