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ABSTRACT

There is current interest in utilizing aerial imégery
to obtain information on natural vegetation. The purpose
of this study 1s to utilize and evaluate commonly available
aerial imagery to identify potential natural areas suitable
for preservation and to initiate development of a procedure
for imagery interpretation to meet this goal.

Clayton County, located in the northeastern quarter of
the state of Iowa, was selected for study because it is
dissected by steep, narrow stream valleys that are
unsuitable for cultivation and may still possess native
vegetation of a quality suitable for preservation.

Baseline or control communities were selected from
known natural areas because of their: (1) representative
vegetation assoclations, (2) diversity of species, (3)
varied topography, and (4) worthiness of preservation. All
control site vegetation was ground surveyed utilizing
density plot samples to determine species density,
diversity, community structure, and habitat quality. This
information was correlated with aerial imagery to establish
photographic signatures.

Potential natural area communities were selected on
the basis of thelr photographic similarity to the controls.
Potential sites were then similarly ground surveyed to

verify their imagery signatures.



Imagery utilized were high altitude color infrared
transparencies from the Iowa Geological Survey, and low
altitude normal color transparencies and black-and-white
panchromatic contact prints from the Agriculture
Stabilization and Conservation Service and Soil
Conservation Service. The majority of this imagery had
consistent image quality. Only color ASCS transparencies
displayed tonal variation and quality loss. Specles
identification was not practical in most situations due
to insufficient resolution. Individual trees and canopy
textures were resolved as well as prairies as small as one
acre and with some good texture qualities. Simultaneous
utilization of all imagery is recommended as well as
stereoscopic viewing for optimal results. The utilization
of imagery from different decades 1s helpful to detect past
community disturbances not visible on more recent imagery.

Prairie and coniferous forest communities are best
located with the IR imagery, deciduous forest communities
with ASCS and SCS imagery. Several quality forests were
located along the slopes of the Volga and Turkey River
valleys and adjacent uplands in the east-central one-half
of the county.

No large prairie tracts were located even though
very small disturbed prairie remnants were found. It is
believed that larger, high quality prairies would have

been located if they indeed are present. No lowland



forests or marshlands were identified for preservation
recommendation. Different controls or other imagery may
be necessary to detect these communities if indeed large.

quality tracts still remain within the county.
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INTRODUCTION

The utilization of aerial imagery to identify
potential natural areas is founded on the success of
several related field efforts and the ever-present need to
reduce the costs of natural area selection. Aerial imagery
can provide information ranging from biological to
physical features on the Earth's surface. Physical
features such as geologic formations and features that
illustrate physiographic characteristics are detectable on
aerial imagery. Landforms created by deposition of glacial
till are characterized by rolling or morainic topography
and appear mottled in tonation on panchromatic imagery
(Avery 1977). Limestone landscapes commonly exhibit
exposed bedrock, sinkholes, and other numerous gfound
golution features. Surface alignments, eroded surfaces,
seepage areas, and dralnage patterns of the Ruahine
Mountains of New Zealand have been identified using color
infrared and panchromatic aerial photography (Stephens
1976). Weathered granite outcrops beneath moderately dense
forest canoples were detected on color aerial photographs
with a relative scale of 1:4000 (Meyers 1975). MacConnell
and Niedzwiedz (1979) successfully applied panchromatic
aerial photography to assess stream alteration activities,

bank types, and channel characteristics, as well as to



identify vegetation and land useage along the White River
in Vermont.

Ground-water discharge sites can be located through
utilization of aerial imagery. Wood (1972) detected
ground-water seeps and springs with flow rates as low as
one gallon per minute along the forested banks of the
Lehigh River in Pennsylvania. This was accomplished by
combining information from low altitude infrared scanning
imagery, color photographs, and color infrared photographs.
Saline seeps were mapped from aerial color infrared
photography which detected the presence of salt tolerant
vegetation, wet soil, and exposed salt crust (Dalsted
et al. 1979).

Information on vegetation can be obtained from aerial
imagery. Boundaries along woody and herbaceous plant
communities can also be delineated. Vegetation patterns
may result from ground conditions, thus implicating
geological features of the area (Svensson 1972). Birnie
and Francica (1981) identified zones of mineralized
porphyry copper from aerial multispectral scanner
measurements of visible and near-infrared radiation
reflected by ground vegetation. The data indicated
vegetation radiation atop a mineral deposit to have spectra
anomalies not found off the deposit. Ecological variation
of plant communities can also illustrate geologic

differences. For example, Marsh (1978) found wooded tracts



in areas of intense agriculture signified terrain
unsuitable for cultivation.

White (1978), of the Illinois Natural Areas Inventory,
was able to differentiate vegetation into nine community
classes utilizing black-and-white panchromatic aerial
images. Such classes included forest, prairie, wetland,
and cultural vegetation. These were further differentiated
on the basis of topographic position, soil moisture, and
vegetation structure. Mesic upland forest, wet floodplain
forest, and dry dolomite prairie are representative
subclasses. Forest/nonforest boundaries and most natural
or man-made disturbances can be detected on 1:120,000 scale
color infrared film (Aldrich 1975). Specific classes of
forest detail detected by various remote sensing methods
were areas of no disturbance, past timber-harvest areas,
silvicultural treatment areas, recently cleared timber,
and areas of forest regeneration. Miller and Myer (1981),
incorporating stereoscopic analysis, detected significant
plot disturbances following previous analysis of imagery at
scales of 1:15,840 or greater. A series of aerial
photographs from different years permit detection of
disturbances that could not be detected on more recent
photographs (White 1978).

Individual forest tree species can be recognized on
larger scale aerial imagery by comparing the species

photographic texture, tonal qualities, crown shape, and



topographic position (Avery 1977). Gammon and Carter (1979)
utilized seasonal high and low altitude color infrared
photography to differentiate broad-leaved evergreen species
from deciduous species within the deciduous forests of the
Great Dismal Swamp of North Carolina.

Prairies can frequently be identified on aerial
imagery. Both color and black-and-white aerial photography
were successfully used to identify remnant prairie
communities in the Missouri Natural Areas Inventory (Reese
1982) and the Illinois Natural Areas Inventory (White 1978).
Aerial imagery provided identification of most shrub
specles and herbaceous species with bunch-growth
morphologies in a grassland community studied by Carneggie
and Reppert (Van Zee and Bonner 1981). They utilized low
altitude aerial photographs taken at three different
stages of the growing season.

Marshland plant communities and species were located
and identified by Seher and Tueller (1973) through
simultaneous use of color and color infrared aerial
photographs. Gammon and Carter (1979) identified 243
distinct marshland communities in the Great Dismal Swamp
using aerial photography.

The quality of the various imagery studies were
dependent on the nature of information sought and the kind
of imagery techniques utilized. Seher and Tueller (1973),

in their marshland study, determined that simultaneous use



of color and color infrared film yielded the most accurate
vegetation maps. A color infrared and panchromatic film
combination, on the other hand, was considered to be of
more use in the mountain-feature mapping study by Stephens
(1976). Myers (1975) reports color film to be better than
color infrared for the study of forest stratification and
ground features.

The objectives of this study are to: (1) utilize
available aerial photographs to identify specific landtracts
in Clayton County, Iowa which may harbor potential natural
areas suitable for preservation, (2) evaluate the available
county imagery for natural area inventory purposes, and
(3) initiate development of an aerial imagery procedure for

the identification of potential natural areas.
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The fall season IR imagery utilized in this study was
found to be of value in predicting the location of
potential prairie remnants on rocky outcrops or in grassy
openings on hillslopes not otherwise discernible. These
potential sites were found assoclated with stands of

Juniperus virginiana. This species appears as red

"ribbons" or "spots" in areas of heavy infestation along
bluffs and hillslopes. Prairies larger than 5 acres were
identifiable due to the sharp contrasts and specific
tonation provided by this imagery.

The best results of the forest survey were obtained
utilizing the ASCS color and high altitude IR
transparencies in combination. Detailed features such as
crown size, canopy texture and uniformity were interpreted
utilizing ASCS imagery. Ground disturbances not detectable
under closed summer forest canoples were detectable on the
IR imagery due to its exposure after leaf drop. The IR
imagery also allowed delineation of coniferous and

deciduous vegetation.
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DISCUSSION

Imagery Utiligation

The utiligzation of aerial imagery can provide
valuable assistance to natural area surveys. If adequate
film coverage is available, preliminary aerial
interpretation can provide the location of areas that
should be given priority evaluation. Aerial imagery saved
both time and money in an Oregon natural area survey by
eliminating visits to sites of lesser potentlal and
allowing the concentration of resources on areas that
appeared to have higher potential (Mairs 1976).

Historical changes at a site may also be noted if the
appropriate films are available and utilized. Older
imagery from an earlier decade may show disturbances that
are no longer apparent on recent imagery. White (1978)
found this particularly true with hill prairie communities
that were once more openvbut gradually blended with
surrounding forests due to woody invasion. Forest
disturbances, especially in areas that experience frequent
changes, are best detected when compared with earlier dated
imagery (Aldrich 1975). Reese (1982) found the comparison
of different dated imagery to be an effective procedure to
eliminate questionable prairie sites.

Proficiency in interpretation can be acquired in a

relatively short time if appropriate "self™ training is
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coupled with ground verification. Several types of cover
vegetation can be readily recognized once their
characteristic signatures are learned. Dormant vegetation
such as prairie grass can appear white on color IR imagery
(Sabins 1978). 1In this study dormant prairie on IR imagery
ranged from chalky white to blue-grey because of the angle
of illumination and the variation in tonation caused by film
processing. The results of this study were similar to those
by Reese (1982) who also interpreted upland prairies to have
a dark green signature on color ASCS imagery that was

unlike adjoining vegetation. As Cowardin and Myers (1974)
reported, the individual crowns of coniferous species such
as Pinus and Juniperus appeared on late fall IR imagery

as pink or red dots providing sharp color contrasts with
surrounding vegetation.

There are several disadvantages inherent to aerial
imagery. Color ASCS imagery 1s apparently gaining a
reputation for having low contrast, poor resolution and tilt
distortion since these characteristics were commented on
by Reese (1982). These characeristics were occaslonal
problems in this study, but they did not significantly
diminish the value of the imagery. These effects can be
reduced if the imagery is stereoscopically viewed with
flourescent light, or if the image frame provides a direct
overhead view of the site centered in frame and not adjacent

to the border. Centered subjects eliminate color tone
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misinterpretation that can occur at imagery edges (Lovvorn
and Kirkpatrick 1982). Species identification on color
ASCS imagery is not generally practical since there is
insufficient tonal variation in the canopy. Finer tree
details such as crown shadows, shapes and branching
patterns that can be useful in identification (Avery 1977)
were not resolvable. Since herbaceous, shrub and

subcanopy specles are important community components which
do not occur on the imagery, ground validation of potential
sites can not be eliminated.

ASCS imagery may become less accessible in the future
since ASCS regulations require the disposal of color
transparencies within three years of exposure. Black-and-
white contact print enlargements are also to be disposed of
as they become out-of-date (Reese 1982). The current fate
of the imagery is left to the discretion of the county
office directors. In the past the imagery has gone to
county SCS offices but some has been distributed among
other state offices or universities.

Imagery Analysis

It is recommended that the following procedures be
incorporated into future natural area surveys utiliiing
imagery analysis: (1) determine what state and county
agencles or other possible sources have appropriate imagery
coverage of the area to be surveyed, (2) become familiar

with the landforms, vegetation and ecological relationships
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known to the area, (3) select imagery controls from known
prime natural areas or preserves representative of the area
that can be ground surveyed for community quality, (4)
relate aerial signatures of controls to land quality if
possible, (5) utilize soil and topographic maps to provide
additional site information to aid imagery interpretation
of signatures, (6) view the imagery stereoscopically if
possible to facilitate interpretation of terrain and cover
vegetation textures, (7) survey aerial imagery for
signatures similar to the controls utilizing current and
dated imagery simultaneously, (8) ground survey potential
sites for natural area quality.

When utilizing IR imagery, select imagery from spring
or late fall through late winter since the discrimination
between leafless deciduous hardwoods and evergreen conifer
trees is optimal (Aldrich 1975).

Natural Area Potential In Clavton County, ITowa

The potential natural areas in Clayton County were
located predominately in the east-central one-half of the
county near the Volga and Turkey Rivers. These regions
also contained some of the greatest terrain relief in the
county, perhaps linking their presence with inaccessibility
to agricultural utilization.

Several quality forest communities were found on the
upland terrain and north and south facing river valley

slopes and probably have been protected from agricultural
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use due to thin, rocky soil or steep gradients (Soil
Survey of Clayton County, Iowa 1982). The sites selected
by Smith et al. (1977) were either: (1) not chosen because
they had originally been selected for scenic value which
was not utilized as an evaluation criterion, or (2) were
determined to be of lower quality than other potential
areas due to disturbances that apparently have occurred
since their study.

No sites of potential quality lowland forest or
marshland were found, although the alluvial forest controls
were easily discerned. The failure may be attributed to
poor alluvial controls and difficulty in interpreting the
small inland streams or few remain. Roosa (1984) suggests
that the habitat is a rapidly disappearing community in
the region. Other imagery may be necessary since other
authors have had success with color IR at scales similar
to ASCS imagery in several wetland study areas (Lovvorn
and Kirkpatrick 1982; Gammon and Carter 1979). White
(1978) reported late summer-early fall to be the best
survey time for wetlands; several months after ASCS
imagery is usually exposed.

The prairie controls appear to be the only quality
prairies in the county. The fact that no additional
quality prairies were found during this study suggests
that they likely do not exist. Since very small disturbed

prairie remnants were found, it is believed that a



large, high quality prairie would have been found if it

were present.
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CONCLUSION

The utilization of ASCS, SCS, and IR imagery is an
efficient method to locate most potential natural areas.
Quality predictions of selected sites are restricted to
the assoclation level of vegetation classification since
subcanopy species information is not provided by this
imagery. Ground surveys of selected sites can not be
eliminated as subcanopy information is an important part
of community quality evaluation.

Simultaneous utilization of this imagery is
recommended. The high altitude color IR imagery provides
sharp color contrasts between vegetation communities that
allows their delineation but the imagery lacks adequate
resolution of fine details. The ASCS and SCS imagery lack
in color contrasts but provide resolution of details not
discernable on the IR imagery. The false vegetation
coloration of the IR imagery can be correlated with the
normal coloration of the color ASCS imagery to verify
vegetation identification.

Prairie and forest communities can be located
utilizing this procedure. Prairie and coniferous forests
are best located with IR imagery. Deciduous forest
communities are evaluated best by the utilization of ASCS
and SCS imagery although IR imagery 1s helpful by providing

views of forest floor disturbances. Re-evaluation of the



procedure and of the’imagery is recommended for wetland
studies as there were not any potential sites found to

compare with the controls.

75



BIBLIOGRAPHY

Aerial-photo interpretation in classifying and mapping
soils. Agriculture Handbook 294, Soil Conservation
Service, U.S. Department of Agriculture; 1966;

89 p. Available from: U.S. Government Printing
Office, Washington DC.

Aldrich, R. C. Detecting disturbances in a forest
environment. Photogrammetric Engineering and
Remote Sensing 41:39-48; 1975.

Anderson, R. R.; Hoyer, B. C.; Taranik, J. V. Guide to
aerial imagery of Iowa. Public information
circular number 8. Iowa City, IA: Iowa Geological
Survey; 1974; 142 p. Available from: Iowa
Geological Survey, Iowa City, IA.

Andreas, A. T. Illustrated historical atlas of the state
of Iowa. Chicago: Andreas Atlas Company; 1875.

Avery, T. E. Interpretation of aerial photographs.
Minneapolis, MN: Burgess Publishing Company; 1977.

Birnie, R. W.; Francica, J. R. Remote detection of
geobotanical anomalies related to porphyry copper
mineralization. Economic Geology 76:637-647; 1981.

Braun, E. L. Deciduous forests of eastern North America.
Philadelphia: The Blakiston Company; 1950.

Cahayla-Wynne, R.; Glenn-Lewin, D. C. The forest
vegetation of the Driftless Area, Northeast Iowa.
The American Midland Naturalist 100:307-319; 1978.

CoWardin, L. M.; Meyers, V. I. Remote sensing for
identification and classification of wetland
vegetation. Journal of Wildlife 38:308-314; 1974.

Dalsted, K. J.; Worcester, B. K.; Brun, L. J. Detection
of saline seeps by remote sensing techniques.
Photogrammetric Engineering and Remote Sensing

b5:285-291; 1979.

Gammon, P. T.; Carter, V. Vegetation mapping with
seasonal color IR photographs. Photogrammetric
Engineering and Remote Sensing 45:87-97; 1979.

76



Hallberg, G. R.; Bettis, E. A., III.; Prior, J. C.
Geologic overview of the Paleozoic Plateau Regilon
of Northeastern Iowa. Proceedings of the Iowa
Academy of Science 91:5-11; 1984.

Hartley, T. G. The flora of the "Driftless Area".
Iowa City, IA: Univ. of Iowa; 1962. Available from:
University Microfilms, Ann Arbor, MI; vol. 1.
450 p. Dissertation.

Kuchler, A. W. Potential natural vegetation of the
conterminous United States. American Geographical
Society. Special publication No. 36, 1964,

Lovvorn, J. R.; Kirkpatrick, C. M. Analysis of
freshwater wetland vegetation with large-scale color
infrared aerial photography. Journal of Wildlife
Management 46:61-70; 1982.

MacConnell, W.; Niedzwiedz, W. Remote sensing the White
River in Vermont. Photogrammetric Engineering and
Remote Sensing 45:1393-1399; 1979.

Mairs, J. W. The use of remote sensing techniques to
identify potential natural areas in Oregon.
Biological Conservation 9:259-266; 1976.

Marsh, W. M. Envirommental analysis: for land use and
site planning. New York: McGraw-Hill Book Company;
1978.

Miller, N. L.; Meyer, M. P. Application of 35 mm color
aerial photography to forest land change detectilon.
Color aerial photography in the plant sciences and
related fields: Proceedings of the eighth biennial
workshop on color aerial photography in the plant
sciences; 1981 April 21-23; Luray, VA. Falls
Church, VA: American Society of Photogrammetry;
1981: 67-72.

Meyers, B. J. Rock outcrops beneath trees.
Photogrammetric Engineering and Remote Sensing

b41:515-521;3 1975.

Prior, J. C. A regional guide to Iowa landforms.
Iowa Geological Survey Educational Series No. 3.
Iowa City, IA: State of Iowa; 1976; 72 p.
Available from: Iowa Geological Survey, Iowa City,
TIA.

77



78

Reese, G. A. Identification of Missourl prairie
communities using aerial photography. Natural
Areas Journal 2:14-16; 1982.

Roosa, D. M. Natural heritage protection in the
"Driftless Area". Proceedings of the Iowa Academy
of Science 91:42-46; 1984,

Sabins, F. F., Jr. Remote sensing: principles and
interpretation. San Francisco: W. H. Freeman and
Company; 1978.

Seher, J. S.; Tueller, P. T. Color aerial photos for
marshland. Photogrammetric Engineering and Remote
Sensing 39:489-499; 1973.

Smith, D. D.; Christiansen, P.; Roosa, D. M. Great
River Road natural areas. Hotopp, J.; Hotopp, M.;
Grisham, E. compiler and editors. Iowa's Great
River Road cultural and natural resources, vol. II.
Iowa City, IA: Office of State Archaeologist; 1977:

501-597.

Soil Survey of Clayton County Iowa. Soll survey-
United States Department of Agriculture, Soil
Conservation Service, State of Iowa; 1982.
Available from: Clayton County Soil Conservation
Service, Elkader, IA.

Stephens, P. R. Comparison of color, color IR, and
panchromatic aerial photography. Photogrammetric
Engineering and Remote Sensing 42:1273-1277; 1976.

Svensson, H. The use of stress situations in vegetation
for detecting ground conditions on aerial
photographs. Photogrammetria 2:75=-87; 1972.

Thorne, R. F. Relict nature of the flora of White Pine
Hollow Forest Reserve, Dubuque County, IA. The
University of Iowa Studies in Natural History
20:1-33; 1964,

Transeau, E. N. The prairie peninsula. Ecology

16:423-437; 1935.

Trygg, J. W. Composite map of United States land
surveyor's original plats and field notes, sheet 1,
Iowa Series. Ely, MN.; 1964.



79

Van Zee, C. J.; Bonner, K. G. Estimating rangeland
cover proportions with large scale color infrared
aerlal photographs. Color aerial photography in the
plant sclences and related fields: Proceedings of
the eighth biennial workshop on color aerial
photography in the plant sciences; 1981 April
21-23; Luray, VA. Falls Church, VA: American
Society of Photogrammetry; 1981: 67-72.

White, J. Illinols natural areas inventory technical
report. Urbana, IL: Illinois Natural Areas
Inventory; 1978. Available from: Illinois
Department of Conservation, Springfield, IL.

Wood, C. R. Ground water flow. Photogrammetric
Engineering and Remote Sensing 38:347-352; 1972,



APPENDICES

80



Appendix A
Early settlement and vegetation map of Clayton County

(Andreas 1875).
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Appendix B
Pre-settlement vegetation map of Clayton County compiled
from surveyor's original plats and field notes (Trygg
1964) .,

&3 = Prairie vegetation.
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