METHODS—Frequency

B. Frequency Methods - Pace Frequency, Quadrat
Frequency, and Nested Frequency Methods

1. General Description All three methods consist of observing quadrats along
transects, with quadrats systematically located at specified intervals along each
transect. The only differences in these technique are the size and configuration of
the quadrat frames and the layout of the transect. The following vegetation at-
tributes are monitored with this method:

¢ Frequency
* Basal cover and general cover categories (including litter}

* Reproduction of key species (if seedling data are collected)

It is important to establish a photo plot {see Section V.A) and take both close-up
and general view photographs. This allows the portrayal of resource values and
conditions and furnishes visual evidence of vegetation and soil changes over time.

2. Areas Of Use This method is applicable to a wide variety of vegetation types
and is suited for use with grasses, forbs, and shrubs.

3. Advantages and Limitations

a Frequency sampling is highly objective, repeatable, rapid, and simple to perform,
and it involves a minimum number of decisions. Decisions are limited to
identifying species and determining whether or not species are rooted within
the quadrats (presence or absence).

b Frequency data can be collected in different-sized quadrats with the use of the
nested frame. When a plant of a particular species occurs within a plot, it also
occurs in all of the successively larger plots. Frequency of occurrence for various
size plots can be analyzed even though frequency is recorded for only one size
plot. This eliminates problems with comparing frequency data from different
plot sizes. Use of the nested plot configuration improves the chance of selecting
a proper size plot for frequency sampling.

¢ Cover data can also be collected at the same time frequency data is gathered.
However, cover data collected in this manner will greatly overestimate cover;
unless the tines are honed to a fine point, observer bias will come into play.
Another limitation is that the use of one size quadrat will likely result in values
falling outside the optimum frequency range (greater than 20 percent to less
than 80 percent) for some of the species of interest.

4. Equipment The following equipment is needed (see also the equipment list in
Section V.A, page 31, for the establishment of the photo plot):

Study Location and Documentation Data form (see Appendix A)
Frequency form (see Illustration 4)

Nested Frequency form (see Illustration 5)

Permanent yellow or orange spray paint

Frequency frames (see Illustrations 6 and 7)
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* One transect location stake: 3/4 - or 1-inch angle iron not less than 16 inches
long

Hammer

Tally counter (optional)

Compass

Steel post and driver

Tape: 50-, 100-, or 200-foot delineated in tenths and hundreds or a metric tape
of the desired length.

. Training A minimum amount of training is needed for this method. Examiners

must be able to identify the plant species and be able to tell whether or not a
species occurs, according to study specifications, within a quadrat. Examiners must
be familiar with the cover categories and how to collect cover data using the tines
on the quadrat frame,

. Establishing Studies Careful establishment of studies is a critical element in

obtaining meaningful data (see Section III).

a Site Selection The most important factor in obtaining usable data is selecting
representative areas (critical or key areas) in which to run the study (see Sec-
tions I.D). Study sites should be located within a single plant community
within a single ecological site. Transects and sampling points need to be randomly
located within the critical or key areas (see Section III).

b Pilot Studies Collect data on several pilot studies to determine the number of
samples (transects or observation points) and the number and size of quadrats
needed to collect a statistically valid sample (see Section I11.B.8).

¢ Selecting Quadrat Size The selection of quadrat size is important and de-
pends on the characteristics of the vegetation to be sampled (see Section I11.B.6}.

(1} As arule of thumb, it is expected that all frequency percentages for impor-
tant species should fall between 10 and 90 percent or, if possible, between
20 and 80 percent. This will provide the greatest possible chance for
detecting an important trend for a species when the study is read again.
Use a frame size that will produce frequencies falling in this range for the
greatest number of species possible.

(2) To build a sample frame, see Illustration 6, which shows an example of a
frequency frame.

(3) Use the same size quadrat throughout a study and for rereading the study.
If frequencies for a specific species approach the extremes of either 0 or
100 percent, it may be necessary to use a different sized quadrat for that
species. The nested plot concept would be suitable in this instance.

d Nested Plot Technique The use of one size plot is usually not adequate to
collect frequency data on all the important species within a community, For
each species occurring on a site, there is a limited range of plot sizes capable of
producing frequency percentages between 20 and 80 percent. A plot size
appropriate for one species may not be appropriate for another, The nested plot
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concept is a simple approach to collecting data on two or more different sized
plots at one time. Several different sized plots are placed inside each other in a
smallest to largest sequence (see lllustration 7).

e Number of Studies Establish at least one frequency study on each study site;
establish more if needed (see Sections I1.D and II1.B).

f Study Layout Frequency data can be collected using either the baseline,
macroplot, or linear study designs described in Section II1.A.2 beginning on
page 8. The baseline technique is the one most often used,

Align a tape (100-, or 200-foot, or metric equivalent) in a straight line by
stretching it between the baseline beginning stake and the baseline end point
stake (see Figure 4 on page 13.) A pin may also be driven into the ground at
the midpoint of the transect. Do not allow vegetation to deflect the alignment
of the tape. A spring and pulley may be useful to help maintain a straight line.

With the baseline technique, any number of transects can be run perpendicu-
larly to the baseline, depending on the intensity of the sample needed (see
Figure 1 on page 9). Each transect originates at a randomly selected mark along
the baseline. The randomization is restricted so that half of the transects are
randomized on each side of the halfway mark. (Directions for randomly select-
ing the location of transects to be run off of a baseline using random number
tables are given in Appendix D.)

The starting point for each transect off the base line and the distance between
each quadrat should not be any closer than the width of the quadrat being used
to avoid the possibility that any two quadrats might overlap.

g Reference Post or Point Permanently mark the location of each study with a
reference post and study location stake (see beginning of Section III).

h Study Identification Number studies for proper identification to ensure that
the data collected can be positively associated with specific studies on the
ground {see Appendix B).

i Study Documentation Document pertinent information concering the study
on the Study Location and Documentation Data form (see beginning of Section Il
and Appendix A).

. Taking Photographs The directions for establishing photo plots and for taking
close-up and general view photographs are given in Section V.A,

. Sampling Process In addition to collecting the specific study data, general
observations should be made of the study sites (see Section ILF),

a Running the Transect Study data are collected along several transects. The
location of each transect (distance along the baseline) and the direction (to left
or right from the baseline) are randomly determined for each study site. A
quadrat is read at the specified interval until all quadrats have been read. The
interval between quadrats can be either paced or measured. To widen the area
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transected, add additional paces or distance (20 paces, 50 feet) between quadrats,
Additional transects can be added to obtain an adequate sample.

(1) Start each transect by placing the rear corner of the quadrat frame at the
starting point along the baseline tape.

{2) Place the quadrat frame at the designated interval along a transect perpen-
dicular to the baseline until the specified number of quadrats have been
read. The interval between quadrats can be measured or estimated by
pacing.

{3) When a transect is completed, move to the next starting point on the
baseline tape and run the next transect,

b Collecting Cover Data Record, by dot count tally, the cover category at each
of the four corners and at the tip of any tines on the frame. Enter this data in
the Cover Summary section of the Frequency and Nested Frequency forms (see
Ilustrations 4 and 5). The cover categories are bare ground {gravel less than
1/12 inch in diameter is tallied as bare ground), litter, and gravel (1/12 inch and
larger). Additional cover categories can be added as needed. Vegetation is
recorded as basal hits or canopy layers in the bottom portion of the form. Up to
three canopy layers can be recorded. For additional information on collecting
vegetation cover data, see Section V.E8.b on page 72. Cover data can also be
recorded on the Cover Data form, Illustration 13, page 75.

Read the same points on the frame and the same number of points at each
placement of the frame throughout a study and when rereading that study.

¢ Collecting Frequency Data Collect frequency data for all plant species.
Record the data by species within each quadrat using the Frequency form
{lustration 4). Only one record is made for each species per quadrat, regard-
less of the number of individual plants of a species that accurs within the
quadrat.

(1) Herbaceous plants (grasses and forbs) must be rooted in the quadrat to be
counted.

{2) On many occasions, rooted frequency on trees and shrubs (including half
shrubs) does not provide an adequate sample (occurring within 20% of the
plots). To increase the sample size on trees and shrubs, the canopy over-
hanging the quadrat can be counted.

(3) Annual plants are counted whether green or dried.

{4) Specimens of the plants that are unknown should be collected and marked
for later identification.

(5) Frequency occurrence of seedlings by plant species should be tallied
separately from mature plants.
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d Nested Plot Method Collect frequency data for all plant species. For
uniformity in recording data, the four nested plots in a quadrat are numbered
from 1 through 4, with the largest plot size corresponding with the higher
number. Each time the quadrat frame is placed on the ground, determine the
smallest size plot each species occurs in and record the plot number for that
quadrat on the Nested Frequency form (Ilustration 5).

. Calculations Make the calculations and record the results in the appropriate
columns on the Frequency form (see Illustration 4).

a Cover Calculate the percent cover for each cover category by dividing the
number of hits for each category by the total number of hits for all categories,
including hits on vegetation, and multiplying the value by 100. The total of the
percent cover for all cover categories equals 100 percent. Additional informa-
tion on calculating ground cover, canopy cover, and basal cover can be found in
Section E9 on page 73.

b Frequency: Single Plot On the Frequency form, llustration 4, total the
frequency hits by species. Calculate the percent frequency for each plant
species by dividing the total number of hits for that species by the total number
of quadrats sampled along the transect and multiplying the value by 100.
Record the percent frequency on the form.

¢ Frequency: Nested Plot Percent frequency by species can be calculated for
each transect and/or for the total of all transects.

(1) Compiling data Determine the number of occurrences for each species for
each plot size.

(a) Count the number of occurrences of a species in plot 1 and record the
value in the Hits portion of column 1 in the Frequency Summary
portion of the Nested Frequency form (see Illustration 5).

(b) Count the number of occurrences of the same species in plot 2 and
add this number to the number recorded for plot 1. Record this total
in the Hits portion of column 2.

{c) Count the number of occurrences of the same species in plot 3 and
add this number to the number recorded for plot 2. Record this total
in the Hits portion of column 3.

(d} Count the number of occurrences of the same species in plot 4 and
add this number to the number recorded for plot 3. Record this total
in the Hits portion of column 4.

(2) Frequency for each transect Calculate the percent frequency of a plant
species by plot size for a transect by dividing the number of occurrences by
the number of quadrats sampled and multiplying the value by 100. Record
in the “% Freq” section of the Frequency Summary portion.
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11.

(3) Total frequency for all transects Calculate the percent frequency of a
plant species by plot size for the total of all transects by adding the occur-
rences of a species by plot size on all transects, dividing the total by the
total number of quadrats sampled for the study, and multiplying the value
by 100. Record the percent frequency in the appropriate plot size on a
separate form.

10. Data Analysis To determine if the change between sampling periods is

significant, a Chi Square contingency table analysis should be used. Frequency
must be analyzed separately for each species. Chi Square (See Technical
Reference, Measuring & Monitoring Plant Populations) can also be used to detect
changes in cover classes between sampling periods.

References

Bonham, C.D. 1989. Measurements for Terrestrial Vegetation, John Wiley and
Sons, 338 p.

Despain, D.W,, P.R. Ogden, and E.L. Smith. 1991. Plant frequency sampling for
monitoring rangelands. Some methods for monitoring rangelands and other
natural area vegetation. Extension Report 9043. University of Arizona, Tucson,
AZ.

Eckert, Richard E,, Jr. and John S. Spencer. 1986. Vegetation response on allot-
ments grazed under rest rotation management. Soc. for Range Manage. 39 (2):
166-173,

Francis, Richard E., Richard S. Driscoll, and Jack N. Reppert. 1972. Loop-fre-
quency as related to plant cover, herbage production, and plant density. U.S.
Dept. of Agr., For. Ser., Rocky Mtn. For. and Range Exp. Sta., Ft. Collins, CQO.
Research Paper MA-94. 15 p.

Hironaka, M. 1985. Frequency approaches to monitor rangeland vegetation.
Symp. on use of frequency and for rangeland monitoring. William C. Krueger,
Chairman. Proc,, 38th Annual Meeting, Soc. for Range Manag. Feb. 1985. Salt
Lake City, UT. Soc. for Range Manage. 84-86.

Hyder, D.N., C.E. Conrad, P.T. Tueller, L.D. Calvin, C.E. Pouiton, and FA. Sneva.
1963. Frequency sampling of sagebrush-bunchgrass vegetation. Ecology
44:740-746.

Hyder, D.N, R.E. Bement, E.E. Remmenga, and C. Terwilliger, Jr. 1965. Frequency
sampling of blue grama range. J. Range Manage. 18:94-98,

Hyder, D.N,, R.E. Bement, and C. Terwilliger. 1966. Vegetation-soils and vegeta-
tion-grazing relations from frequency data. J. Range Manage. 19:11-17.

Nevada Range Studies Task Group. 1984. Nevada Rangeland Monitoring Hand-
book. Bureau of Land Management Nevada State Office, Reno, NV. 50 p.




METHODS—Frequency

Tueller, Paul T., Garwin Lorain, Karl Kipping, and Charles Wilkie, 1972. Methods
for measuring vegetation changes on Nevada rangelands. Agr. Exp. Sta., Univ.
of Nevada, Reno, NV. T16. 55 p.

USDI, Bureau of Land Management. 1985. Rangeland monitoring - Trend studies
TR4400-4,

West, NE. 1985. Shortcomings of plant frequency-based methods for range
condition and trend. William C. Krueger, Chairman. Proc., 38th Annual Meet-
ing Soc. for Range Manage. Feb. 1985. Salt Lake City. Soc. for Range Manage.
87-90.

Whysong, G.L. and W.W. Brady, 1987. Frequency Sampling and Type II Errors, J.
Range Manage. 40:172-174.




(abed Jsyjoue Jo apis Jay)j0 asn) S8jON

BA0D% SHH 1BA07Y%, SIH Jard]% ShH RAOD% SH 12A0]% SIH 1] % SiH
BUDIS/DARID) punoio aieg B {Adoues) uoneabsp, {|eseq) uonejsbap
Alewwing IsAa0n
:
=
L o 8 2 [ 3 2 4 2 & 2 = sapadg
lsaquwnpy jeJpeEND lueld

8zZIg 1eipenp S)RJPENTY JO JAGWINN uoijea0T 129suel
ainsed JaguWnN g SWEN juaWwoly Jaupuexy ajeq JaquinN Apmis

Jo—afiey

Asuanbaig

Wustration 4




(abed Jaytoue 1o apis Jeylo asn) SAON

10n00% B MO0% fLT M | LL B00% 9L SH Iy B \vw.\.m__._ Z7 e of S & ek o ™
%
. MM RNRY mENKARE| .
CHRK | Hammam| INRNERE LR X T
BUOIG/IOnEIE) punoIg aleg FENTR (Adoven) uonejebop {feseq) uonejsban
Arewiwng 19400
7 a/nr
e _M VvZOSd
= voliaz
+ ad230
£ AVrd O
z/ sdwy
g/ JdAH
gL IROIN
hZ / 200X
/& AHIS
o7 / TNINT
s / noog
g \ govy
2L z IHoZ
59 / / ZIBOT
ol 8 S 2 R 2 2 g & 8 = °| sawadg
lagwnp lespenp Weld
O Of % Of ozgjepenn 0O/  sieipen jo requInN | PronbSipt) Agusymery 4o #5TF Syrtes uopeooT 09SURIL
ANISEd | 1£1EC ~ Do D7) WAUNN § SWEN UsWofY alearrzy &U\OSN.EEEEN ,h.m\.m N\ o/ veq | SO-E/~-MAO - ML 18QUNN ApniS
—7 4o~ abed Aouanbalq

IHustration 4




1BMD% SiH

s opueboydAln

1B % SiH

BUOIS /ORI

yBray ul 0L Japun sqruys Jo syy Adoued Japun JaA00 punolb psooss Juoq  Adouen

(o6ed Jayjoue Jo apis JaLI0 8Sn)) SSION

SJUBLULLIOT)/SUONBAIDS]0)

B % SEH

punNIS aseg

RACT%, SUH

1o

18407 % SiiH

{Adouen) uanejabep

1BA005% SIH

(feseq) uoneeban

Alewiwng
JBA0D)

DA% | SIH

baig o

SIH

0eL] %

LH LY TN e mencnm

4

€

eL|ZL

Li(OL]| 6

8

soedg ueg

[4 4

8zi5 1014 Aq Alewwing Asuanbalg

sjelpeny

8213 JelpenD

SIRIpEND J0 JAqWNpN

UOREDOT J9sUe)|

alnsed

IaquINN P SLIBN JUSLIO|IY

Jauexy

3jeg

1BqUINN Apnis

jo—abeyd

Aouanbaud pajsapN

lllustration 5




Jynven StH wbiey u1 YOI JAPUN Sgruys JO SHY Adoued Jopun 1oa0o punoib pioses Juog Adoue)d (efed 1ayloue 10 BpIS JOYID 851} SIION
g
1sru3 alweboluy SjusLIWODSUCNeAIasq
/] 8% S/
mcem%w E
L) JE SHH
KKK
punoly eleg S|/ |loo|le |lole |0 _ k _ o O/
12 W% pz WIgzrl s los|le s |7 [s |7 7 [Ale P R CY 34 4
= osr|lzlo|lole (ojo |0 1t A A _ 90IAF | o
.as_._ & gieg|Si /|00 lol|lo i@ o _ Y, 2 £ FAdd m
I o/ T o (e |lo |oi|o |@ 5 _\v SSSE m
o/|\z e/ | lo o |o 0o £ oy Veazisvy | T
Eghﬂm oz |4 |o7|z |0 | o &€ |E] |412] |4 z zalAv
(douen) uoselebap, Sé\érlos |\ loglaz|se | £ V12 HCITIT|/Z|T|C\8\T|tiTi2|1|& 4|2 FLAL
e o gy |9C | 4 |os|Z o2 |0 | @ 7 _ |ZlA \Z| B8IAHD
ohH| 8 |ohA B (ST S| 5|/ 2|Z|T z !’ € £ £l zovTAd
.. loslerlse|si|ss s || 7 |EH|2|z|e|z|ei€|z|4| 2|7 %|T|8 |4lZz|2] ArIS
(esepluoneeban | S@ | L/ S8 | Lr|log|or | g | £ |T Elrlc|z|e| (2|e|7(ejz|Z|2|C|C|2|?] Fs5o4
fuewiung B s b0 | s [bea% | i [%e%| S8 Lo ey gL [z1|ot|ot|vh|et|ch|LLjok 6 |82 9 |S |V |€|2 |t
14 € A 1 : sanads uerd
18A00 871 10id AQ Alewiwing Aouenbaig siejpend
921g JeJpend ©OZ  siEpend jo JBquinN NP7 S APECY fo ypsou S ¥ UONBIT ROSURY
£ omsey SOZTO/ ity +O27 190uINY 7 BWEN JUBWIONY USfify #&Y ouex] .h.m\h\Q\ NCQ |2 Bp 725 4 EERY 1IQUNN Apms
—7 77 ebed Aausnbaig pajsaN




METHODS—Frequency

Rangeland Monitoring

Frequency Frame

The frame is made of 3/8-inch
iron rod and 1-inch angle iron
or 1 1/4-inch x 3/16-inch flat iron.

Quadrat size should be based on local conditions
determined from the pilot study.

QUADRAT
Number Size Area
1 75x7.5 c¢m 56.25 sq cm
2 15.0x15.0 ¢cm 225.00 sq cm
3 30.0x30.0 cm 900,00 sq cm
4 40.0x40.0 cm 1600.00 sq cm
5 50.0x50.0 cm 2500.00 sq cm
6 20,0x50.0 cm 1000.00 sq cm

m llustration &

Prong - 1-inch long
1/8-inch wide

The ends of the tines

(both front and rear)

can be tapered to points as
illustrated. These points can
be used to collact additional
cover data.
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Rangeland Monitoring

Nested Plot Frame

The frames are made of 3/8-inch

iron rod and 1-inch angle iron

or 1 1/4-inch x 3/16-inch flat iron.
Place tines at the proper intervals
along the rear of the frame and
paraliel to the sides 1o create quadrats
of smaller sizes.

It is convenient to have a 30-, 20-,

18-, 12-, 10-, B-, and 3-inch quadrat
available. These different size quadrats
can be combined in three frames.

The 30-inch and 15-inch quadrats can
be combined in one frame.

The 20-inch and 10-inch quadrats can
be combined in one frame.

The 12-inch, B-inch, and 3-inch quadrats
can be combined in cne frame.

The ends of the tines
{both front and rear)

are tapered to points

as illustrated. These
points are used to collect
cover data.

Illustration 7 m




