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Abstract 
Comparisons were made between phenological phase dates of 2 

common ornamental shrubs, purple common Lilac (Syringa vu@- 
ris L.) and Zabeli honeysuckle (Lonicera krolkowii Stapf, var. 
Zabelii(Rthd. Rehdtr)), and rangeland grasshopper (composite of 
6 common species) development for 3 years at 9 sites throughout 
Montana. Results indicated that spring hatch (75% instar 1) 
occurred about 10 days after the begin bloom phase of purple 
common lilac. Peak occurrence of grasshoppers for instar 2 coin- 
cided, on average, with the end bloom phase of Zabeli honty- 
suckle, whereas peak instar 3 occurred about 10 days later. On 
average, peak instar 4 preceded the first red berry phase of Zabeli 
honeysuckle by about 8 days, and 75% adult stage occurred about 
14 days after red berries first appeared. Our results provide range- 
land managers and ranchers with a simple method for the 
improved timing of assessment and control of rangeland grass- 
hoppers. 

Key Words: IPM, phenology models, rangeland insects, Lonicera 
krolkowii, Syringrr vulgaris, grasshoppers, Acrididae, geostatistics 

The sequence of activities involved in rangeland grasshopper 
pest management are generally triggered by the presence of specific 
life stages in the field. Grasshoppers commonly have 5 nymphal 
stages (instars l-5) followed by the adult stage. Onsager (1987a, 
1987b) states that the best time to evaluate rangeland grasshopper 
densities is at “peak instar 3”. Peak instar 3 refers to the point in 
time when we expect to have the highest proportion of instar 3 
individuals for a given site and year. By assessing densities of 
grasshopper communities at peak instar 3, resource managers still 
have time to prepare for and apply biological or chemical control 
agents at the appropriate times (for example, at peak instars 4 and 
5 or 25% adult). 

A statistical model has been developed that describes insect 
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phenology as a function of accumulated heat or degree days (Den- 
nis et al. 1986, Dennis and Kemp 1988). The model (Dennis et al. 
1986) and related statistical inferences (Dennis and Kemp 1988) 
can be used to develop estimates of the average date of occurrence 
for the different developmental phases of rangeland grasshoppers. 
However, resource managers are frequently not able to obtain the 
data (daily maximum and minimum temperatures, and grass- 
hopper development) required for computing parameter estimates 
for the model. Therefore, it is important to evaluate the relation- 
ships between rangeland grasshopper phenology (using methods of 
Dennis et al. 1986 and Dennis and Kemp 1988) and other indicator 
variables such as plant phenophases. 

Recognition that the annual progression of plant development 
has important implications to rangeland management is not new. 
Plant phenophases have been used to determine range readiness, to 
select for the timing of brush control (Hyder and Sneva 1955), and 
to describe climatic patterns (Caprio 1966). Developmental stages 
of indicator plants have also been associated with insects. For 
example, Hewitt (1979) found a loose association between later 
instar rangeland grasshoppers and phenological stages of 3 grass 
species at Roundup, Mont., over a 3-year period. Other studies of 
rangeland grasshopper populations (Hewitt 1980) have suggested a 
possible link between 14 rangeland forb species and an unidentified 
complex of grasshopper species during a 2-year study at 2 sites in 
Montana. However, because of the variability found in plant phe- 
nology that resulted primarily from precipitation patterns, Hewitt 
(1979, 1980) suggested that a combination of plants would be 
necessary to estimate grasshopper phenology. 

Kemp (1987) suggested a link between peak instar 3 of rangeland 
grasshoppers, the end bloom phase of Zabeli honeysuckle (Lonic- 
era krolkowii Stapf, var. Zabelii (Rehd. Rehder)), and begin 
bloom phase of purple common lilac (Syinga vulgaris L.) based 
on data collected during 2 years at 1 site. Use of ornamentally 
grown Zabeli honeysuckle and purple common lilac as phenologi- 
cal indicators for grasshoppers has several advantages over native 
range plants (Hewitt 1979,198O). In the western United States, for 
example, there exists a network of purple common lilac and Zabeli 
honeysuckle observers who utilize standard methods in recording 
plant phase observations each year (Caprio 1966, Caprio et al. 
1970). These plants art also extensively grown in home gardens 
throughout Montana. Further, because observers monitor the 
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same plants each year and provide standardized care (for example, 
planting, watering, pruning, etc. (Caprio et al. 1970)), the progres- 
sion of phenological stages of purple common lilac and Zabeli 
honeysuckle is a good indicator of total heat input at a given site 
(Caprio 1967, 1974). Attempts to relate plant development to the 
seasonal development of ectotherms such as grasshoppers are 
likely to be most successful where plant phenology is driven prim- 
arily by heat and is not influenced by both heat and precipitation, 
as was the case for native plants used in previous studies (Hewitt 
1979, 1980). 

The objective of this study was to examine the relationships 
between seasonal phenology of purple common lilac, Zabeli 
honeysuckle, and rangeland grasshoppers in Montana in order to 
provide resource managers a simple method for determining when 
grasshopper pest management decisions should be made. At pres- 
ent, such decisions require on-site sampling by trained individuals 
because no predictive development models exist that can be used 
by land managers. 

Methods 
Indicator Plant Phenology Data 

Phenological observations on both purple common lilac and 
Zabeli honeysuckle were made during 1986-1988 at about 40 loca- 
tions throughout Montana, eastern Idaho, and northern Wyom- 
ing. These plant phenological observations are part of an ongoing 
study of large scale spatial patterns of plant phenology throughout 
the western United States (Hopp 1974). Within this network, 
observers follow standard procedures for planting, maintenance, 
and observation for both purple common lilac and Zabeli honey- 
suckle (Caprio et al. 1970). For each year, a relationship was 
developed between elevation (Table 1) and each of 3 selected plant 
Table 1. Elevation correction coefficients (drys/30.5m) used to adjust the 

phenology dates for the interpolation process. 

1986 1987 1988 

Begin bloom purple common lilac 0.91 0.68 0.95 
End bloom Zabeli honeysuckle _I -2 1.03 
First red berry 1.04 -3 1.18 
95% red berry 0.90 0.84 -4 

‘Kriging was not successful. Mean number of days from begin bloom to end bloom 
was calculated (23.7 days) and added to the interpolated begin bloom dates on a per 
grid location basis (cell). 
‘There was not a significant coefficient forelevationcorrection. However, a significant 
regression(Interval(days) = 4965.0 + 212.78 *latitude -2.2639 l latitudez) was found 
to estimate the number of days from begin bloom to end bloom. This interval (days) 
was calculated on a per cell basis and added to the interpolated dates for begin bloom. 
‘There was not a significant coefficient for elevation correction. However, a significant 
regression (Interval (da 

; 
s) = 55.43 + -0.2693 l latitude) was found to estimate the 

number of days from lrst red berry lo 95% red berry. This interval (days) was 
calculated on a per cell basis and sub&acted from the interpolated dates for 95% red 
berry. 
‘There was not a significant coefficient for elevation correction. The interval from first 
red berry to 95% red berry was calculated for each observed data point. Kriging was 
used to interpolate these intervals. These interpolated intervals were added to the 
interpolated dates for first red berry. 

development stages (begin bloom phase of purple common lilac’, 
end bloom phase of Zabeli honeysucklez, and first red berry phase 
of Zabeli honeysuckle3). These relationships were used with an 
interpolation method known as block kriging to produce a normal- 
ized map for each development phase at an elevation of 1,216 m 
(Englund and Sparks 1988, Robertson 1987) except where noted in 
Table 1. These maps were then used together with the derived 
relationship with elevation to estimate the Julian date (by year) for 
each plant phase within 12.87 km* cells throughout Montana. If 
the elevation of a cell differed by more than 30.5 m from the actual 
elevation of a grasshopper monitoring site, an additional lapse rate 
adiustment was made on the estimated event date of a 
*Begin bloom phase of purple common lilac is the date when the first flower is fully 
open (Caprio et al. 1974). 
2End bloom phase of Zabeli honeysuckle is the date when nearly all (at least 95%) of all 
flowers have withered or dried up (Caprio et al. 1974). 
-‘First red lxrry phase of Zabeli honeysuckle is the date when the first berry has turned 
to a definite red color (Caprio et al. 1974). 
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specific plant phase. The elevation assigned to a cell was an average 
of the highest and lowest elevation within a cell. Adjustments made 
with this second correction factor altered estimates by no more 
than (+ or -) 3 days. 

Grasshopper Data 
Rangeland grasshopper species composition was monitored 

from 1986-1988 at 9 selected sites throughout Montana. We 
located sites over a range of long-term plant phenological zones 
(see, Kemp [ 19871 Fig. 24.6). All but one of the sites were located 
within 3.2 km of a local airport and functioning National Oceanic 
and Atmospheric Administration (NOAA) weather station. On- 
site temperatures were recorded at the Three Forks site because 
there was no nearby NOAA station. Weather permitting, weekly 
samples were collected at each of the sites during the intervals 
shown in Table 2. Species composition and phenological stages for 
grasshoppers were determined via weekly sweep net collections at 
each site. 

Table 2. Location, elevation, and recording dates for each of 9 sites moni- 
tored for rangeland grasshoppers densities, Montana. 

First and last collection dates 

Location Elev. 1986 1987 1988 

Glasgow 695m 5127-9124 4/ 16-9122 4/ 19-9114 
Havre 790m 5121-9124 4/ 16-9121 4/18-9115 
Miles City 799m 5121-9123 4115-9122 4/19-9113 
Jordan 802m 5130-9124 4/ 15-9122 4/ 19-9114 
Fort Benton 875m 5120-9124 4/ 16-9121 4/18-9115 
Broadus 921m 5121-9123 4115-9123 4/20-9113 
Billings 1,049m S/19-9/23 4114-9123 4121-9113 
Great Falls 1,125m 5128-9124 4/17-9121 4/18-9/ 15 
Three Forks (DCP) 1,348m 512-9112 4/7-10/l 513-9123 

Prior to analyses, 6 common rangeland grasshopper species 
were selected as being representative of the assemblage of species at 
each site. These were Ageneorefrix deorum (Scudder), Amphitor- 
nus coloradus (Thomas), Aulocara elliotti (Thomas), Melanoplus 
infant& Scudder, M. packardii Scudder, and M. sanguinipes 
(F.). Kemp and Onsager (1986) used this assemblage to make 
standardized comparisons between rangeland grasshopper pheno- 
logical patterns in 2 different years at Roundup, Mont. While we 
recognize that the rangeland grasshopper assemblages vary spa- 
tially (Kemp et al. 1990a) and temporally, we decided that it was 
important to restrict comparisons to common species of major 
economic importance that had similar springtime phenological 
patterns. 

The association between the 3 selected plant development stages 
and rangeland grasshopper phenology was investigated in several 
steps. First, as noted above, the Julian date of each plant phenolog- 
ical stage for each grasshopper sample site was estimated based on 
its elevation, latitude, and longitude (Tables 1 and 2). Second, the 
methods of Dennis et al. (1986) were used to generate parameters 
for a model that describes rangeland grasshopper phenology as a 
function of accumulated heat (Kemp and Onsager 1986, Kemp 
1987). Estimates of accumulated heat at each site and year (degree 
days, 17.8O C base) were computed with a sine wave method of 
Allen (1976) from maximum and minimum temperatures from 
weather stations. Finally, the methods of Dennis and Kemp (1988) 
were used to estimate the occurrence of 7 important grasshopper 
phenological events that are driven by degree days (Fig. 1). Degree 
day occurrence dates for grasshopper development were then con- 
verted to Julian dates so that grasshopper phenological and plant 
phenological events could be compared. In the case of the esti- 
mated date of occurrence of 75% instar 1 (Fig. I), we used only 
those dates which were equal to or greater than the date of the first 
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Fig. 1. Example of progression of rangeland grasshopper phenology as 
estimated by the Dennis-Kemp model (Dennis et al. 1986, Dennis and 
Kemp 1988). 

grasshopper sample date. 
Standard ANOVA, stepwise regression, and nonparametric 

median tests (SAS Institute, Inc. 1988) were used to examine the 
general relationships between plant phenophases and grasshopper 
development phases (SAS Institute, Inc. 1988). 

Results and Discussion 

Plant and Insect Development 
The average estimated phenophase dates for purple common 

lilac and Zabeli honeysuckle are contained in Table 3. Sites were 
not significant in any of the ANOVAs computed for each phase ((Y 
= 0.05). 

Table 4 presents the average yearly progression of plant and 
insect development at each site and shows a link between rangeland 
grasshopper and indicator plant phenological stages. Means over 
sites and years show the 75% instar 1 stage (spring hatch) for 
grasshoppers follows the begin bloom phase of purple common 
lilac by about 10 days. Peak instar 2 was closely linked to the actual 
date of the end bloom phase of Zabeli honeysuckle, whereas peak 
instar 3 followed this plant phenological phase by about 10 days. 
Results also show that peak instar 5 was closely associated with the 
first red berry phase of Zabeli honeysuckle. An interesting result is 
that, on average, peak instar 5 and 25% adult stages occur at 
approximately the same date. This means that the highest propor- 
tions of the fifth instars were found at the time when about 25% of 

Table 3. Average estimated phenopbase dates and standard deviations ( ) 
of purple common lilac and Zabeli honeysuckle at 9 sites in Montana, 
1986-1988. 

Average’ estimated Julian date for 
Begin bloom End bloom First red berry 

purple common Zabeli Zabeli 
Location lilac honeysuckle honeysuckle 

Glasgow 128(7.5) W(7.6) 172(4.6) 
Havre 124(6.0) 143(5.1) 170(3.5) 
Miles City 124(6.4) 147(14.2) 174(10.4) 
Jordan 127(9.2) 149(18.4) 178(12.0) 
Fort Benton 126(8.5) 142(9.0) 170(5.1) 
Broadus 131(10.8) 150(7.5) 177(5.6) 
Billings 125(9.0) 146(11.1) 173(8.2) 
Great Falls 134(10.0) 150(11.1) 179(6.8) 
Three Forks (DCP) 132(9.3) 154(8.7) 181(6.8) 

All sites and years 128(7.9) 147(9.3) 174(7.0) 
(May 8) (May 27) (June 23) 

IEstimated phenophase dates are based on a 3-year average, 1986-1988. 

the population was in the adult stage. Lastly, the 75% adult stage 
followed the first red berry of Zabeli honeysuckle by about 14 days. 

Over all years and sites, standard deviations ranged between 7 and 
I1 days. While individual sites showed differing levels of variabil- 
ity, the progression of insect development, on average, was similar 
to patterns estimated previously (Onsager 1983). Over the 24-26 
site-years evaluated, peak instar 2 followed 75% instar I by about 8 
days, and peak instars 2 and 3 and peak instars 4 and 5 were 
separated from one another by an average of 12 and 10 days, 
respectively. Comparisons made between the timing of grass- 
hopper development stages within plant phase showed significant 
differences in all cases but one (EO.05, n = 24 or 26, Median test, 
SAS Institute, Inc. 1988). There was no significant difference 
between the timing of peak instar 5 and 25% adult stages in terms of 
the number of days following the first red berry phase of Zabeli 
honeysuckle (EO.05, n q  26, Median test, SAS Institute, Inc. 
1988). 

The results of the present study were similar to a smaller study at 
one site in 1975-1976 (Kemp 1987), where the end bloom phase of 
Zabeli honeysuckle preceded peak instar 3 rangeland grasshoppers 
by about 10 days. Table 4 shows that for 26 site-years, the end 
bloom phase of Zabeli honeysuckle also preceded peak instar 3 by 
about 10 days. 

Table 4. Mean differences and standard deviation ( ) in days between estimated occurrence dates of indicator plants, purple common lilac and Zabeli 
honeysuckle, and selected estimated occurrence dates of rangeland grasshopper pbenological stages’. 

Days following the 
Days following the end bloom phase of 

begin bloom phase of Zabeli honeysuckle Days following the first red berry phase 
purple common lilac until until of Zabeli honeysuckle until 

75% Peak Peak Peak Peak Peak 25% 75% 
Location Years Instar 1 Years Instar 2 Instar 2 Instar 3 Instar 4 Instar 5 Adult Adult 

Glasgow 3 lO(4.7) 3 21(7.5) 4(5.7) 13(7.5) -7(3.5) 4(3.8) 4(4.2) 6(6.81) 
Havre 3 l(3.2) 3 19(2.5) 0(3.8) 17(2.9) O(2.0) 9(2.6) lo(l.5) 20(4.2) 
Miles City 1 8(---) 3 8(13.6) -1q9.5) 2(9.5) -13(5.2) -3(5.9) -3(5.7) 8(4.6) 
Jordan 2 14(4.2) 2 26(6.4) 3(15.6) 16(16.3) -6(7.8) 5(9.9) 8(7.8) 21(7.8) 
Ft. Benton 3 1 o(9.0) 3 21(12.7) 5(13.7) 15(10.5) q7.6) 7(6.6) 8(6.1) 19(lO.l) 
Broadus 3 7(13.3) 3 14(10.8) -5(3.8) 9(9.5) -1 l(6.6) -2(5.0) -1(4.0) lO(7.5) 
Billings 3 1 l(4.6) 3 17(0.6) -3(2.6) 1 l(5.5) -8(5.9) O(4.2) -1(4.6) 9(6.4) 
Great Falls 3 12(13.1) 3 23( 13.7) 7(15.7) 16(15.1) -2( 12.3) 8(15.0) 8( 13.7) 22(14.0) 
Three Forks (DCP) 3 7(2.1) 3 1 l(2.0) -1 l(3.5) -3(6.7) -19(7.2) -10(5.5) -9(5.5) l(9.5) 

24 26 
--- - - - - 

All sites and years lO(7.0) 18(9.4) -2(10.4) 10(10.5) -8(8.1) 2(8.5) 3(8.1) 14(9.8) 

‘Six selected species used by Kemp and Onsager (1986), Ageneoterrix &rum (Scud&r), Amphirornus coloradus (Thomas), Aulocara elliofti(Thomas), Mekznopluf infanfilis 
Scud& M. pockardii Scudder, M. songuinipes (F.). 
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Variation from site to site for the 3 years of the study suggests 
that additional factors other than heat probably influenced the observed 
relationship between plant phenology phases and rangeland grass- 
hopper development (see standard deviations, Table 4). For exam- 
ple, the site that was consistently the earliest, grasshoppers relative 
to plants, was Three Forks. As noted previously, we used a selected 
assemblage of 6 common economic grasshopper species at each site 
(Kemp and Onsager 1986, Kemp 1987). While Three Forks had the 
highest percent of the population in the 6-species assemblage 
(Table 5), on average more than 73% of those populations con- 
sisted of 1 species, Aulocaro elliotti (Thomas). Studies by 

Table 5. Percent of rangeland grasshopper populations made up of 6 
selected species, for 9 locations and 3 years, Montana. 

Location 1986 

Percent of population in 
6 species’ 

1987 1988 x SD 

Glasgow 91 77 
Havre 55 57 
Miles City 88 76 
Jordan 72 86 

Fort Benton 95 
Broadus 93 
Billings 79 
Great-Falls 89 
Three Forks CDCP) 96 

83 
87 
82 
69 
95 

85 84.3 7.0 
74 62.0 10.4 
84 82.6 6.1 

sparse2 79.0 9.8 
data 

86 88.0 6.2 
91 90.3 3.1 
84 82.7 2.5 
57 71.7 16.2 
96 95.3 0.6 

‘Six selected species used by Kemp and Onsager (1986). Ageneorertix deorum 
(Scudder), Amphirornus coloradus (Thomas), Aulocorcr elliotri (Thomas), Melono- 
plus infanrilis &udder, M. packordii Scudder, M. sanguinipes (F.). 
%x&ties too low to make accurate estimates. 

Kemp and Onsager (1986) show that A. elliotti develop more 
quickly than most of the other members of the 6-species assemb- 
lage and suggest that managers of lands that support higher popu- 
lations of these species will need to assess and treat earlier. 
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