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Abstract 

The larvae of the range crane fly (Tipuh simplex) are responsible 
for extensive damage to rangelrnd of the central valley of Califor- 
nia, but the damage occurs infrequently in years when there are 
extremely high densities. These outbreaks appear to be due to 
favorable climatic conditions during the early larval instars. Means 
of biological (including pheromone), mechanical, fue, and chemi- 
cal control are discussed. Early detection is a key in minimizing 
damage. 

The California annual rangeland provides substantial quantities 
of forage for cattle during fall, winter, and spring. Annual grasses 
and forbs dominate this range type. Vegetation starts growing with 
the advent of fall and winter tsrinc usruallv mntlwinrr hv _A_nril nr _ _ _ _ __, , ____ ___ .__~ 1, r--- -- 
May in some years. 

An event which coincides with the fall rain is the breaking of 
diapause and eventual hatching of the eggs of the range crane fly 
(Tipulu simplex Doane). The range crane fly is one of the most 
destructive species to rangeland in California (Essig 1958). It has a 
known California distribution from northern Santa Cruz County, 
north to Marin County, and east to Sacramento County. A second, 
discontinuous population is found in the Yokohl Valley of Tulare 
County (Alexander 1967). During the winter of 1977-78, a third 
~:___-r:_.._.._ <_-..,_r:..- __.^^ _..‘___1_~ :_ T-L_-_ #?-.._... -.l_:_l_ uIsC”IIIIn”“llS popurarlon was rec”r”eo m 1 enama Loumy, wnrcn 
was confirmed by the authors (Fig. I). Unconfirmed reports indi- 
cate that the range crane fly may also occur in Oregon, east of the 
Cascade Mountains. In California, the suitable habitat appears to 
be the unirrigated pastures of the central valley of California, 
below the oak-woodland zone. 

Crane fly larvae feed on decaying matter in the soil, cowpads 
which are at least one season old, and roots of range forage plants. 
Infrequently (about once every 6 years in Tulare County), the 
larvae reach such high concentrations that they destroy all forage, 
denude hills, and cause adverse effects on the watershed (Fig. 2). 
This condition has in the past been confused with localized 
overgrazing. Fig. 1. Runge of Tipula simplex in Cal~$orn~. 

The present paper reports on the effects of the range crane fly on 
rangeland in Tulare County, California, and possible control 
measures. 

The study area in Yokohl Valley is located approximately 11 km 
southeast of Exeter, California. Elevation ranges from 150 to 305 
m above sea level. Topography is rolling with many small drain- 
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ages dissecting the area. The overall study area is generally on 
level-to-gently sloping alluvial soils with the slope usually not 
exceeding 5 to 6%. 

Soils of the area are both alluvial and upland (Storie et al. 1940) 
derived dominantly from basic igneous parent material with the 
upper surfaces displaying slightly acidic qualities. 

Annual precipitation ranges from 304 mm to 633 mm with 85% 
occurring between November and April (State of California 
Department of Water Resources, 1955-60). The mean annual 
ambient temperature is 16O C with extremes ranging from 8” C to 
47O C (U.S. Weather Bureau, 1960-76). 

Four sites were studied. Two sites wem relatively flat, the third 
site was a hillside with a southern exposure, and the fourth was a 
hillside with a northern exposure. All sites have similar vegetation 



surface in response to orthodichloro-benzene (Barnes 1941). This 
is ineffective on the range crane fly. 

Results 

Density and Damage 
From year to year (1974-1977) and from pasture to pasture, 

crane fly density was recorded from 0 larvae/m2 to 300 larvae/ m2. 
During that time, there was no measurable effect on theamount of 
forage. However, when larvaldensityexceeded 3,0001arvae/m~,as 
it did in 1972 and 1973, the effect on the forage was devastating 
(Fig. 2). 

In the last outbreak in Tulare County (1972.73), 160 ha of 
rangeland were denuded. The yield of that rangeland was reduced 
the next year also, requiring reduction of the stocking rates and 
supplementation of forage. Considering the expense of attempted 
control by pesticide, decrease in the profits due to a decreased 
stocking rate, and increased expense due to the cost ofsupplemen- 
tal feed, we calculated that the loss for the 2 years was estimated at 
~90,000. 

types. Those species found on the study site during the first rains in 
September (usually I2 mm or less) were turkey mullein (Eremocar- 
pus serigerus Benth), blue curl (Trichosremo lanecolalum Benth.), 
and tarweed (Hemizonia kelloggii Greene). Second rains, in late 
October and early November, brought on the annual grass cover. 
This type was dominated by wild oats (Avenafnflm L.), but is 
closely rivaled by several Bromus species, chiefly foxtail chess 
(Bromus rubens L.), soft chess (B. mollis L.) and rip-gut brome (B. 
diandrus Roth). Forbs are of secondary importance, though the 
number of plants occurring in the area is large. From a grazing 
viewpoint, bur clover (Medicogopolymorpha L.) and filaree (Era- 
dium cicurarium (L) L’Her.) and E. botrys (Cm.) Bertol. are 
important constituents and furnish abundant forage. (Nomencla- 
ture used was that of Munz 1968.) 

The adults of the range crane fly emerge in late winter or early 
spring, dependingupon the winter temperature. Copulation occurs 
almost immediately, and may last for 24 hours. The eggs are laid 
within 3 days in the soil and immediately enter a dormant period 
(diapause). Diapause is broken by the onset of rain in September or 
October, but the embryos undergo a second dormancy period 
(quiescence), and finish development and hatch after the onset of 
the second series of rains (Hartman and Hynes 1977). 

The larvae have four instars. Late second instar, third, and 
fourth instar larvae have a clumped distribution, beingmuch more 
numerous under cowpads than in the grass. This is due in part to 
the action of a locomotory inhibiting pheromone (Hartman, et al. 
1978). 

The molt from larvae to pupa occurs during mid to late Febru- 
ary. All larvae pupate within 10 days of each other; adult erner- 
gence occurs in the field about 2 weeks afterthefirstpupaappears. 
Males emerge before females (Hartman and Hynes 1977). 

The technique used for sampling populations of the range crane 
fly required 3 estimates. Density of crane flies under cowpads (n = 
25) was estimated by counting numbers of larvae in and under the 
pads. Density of crane flies in grass was estimated by removing a 
known diameter circle of soil (n = 25) to a depth of two inchesand 
counting all the larvae m the grass and soil in the field. Density of 
the cowpads was estimated by nearest neighbor method. The popu- 
lation estimate was: 

density = a(b, 100) + c (100-b) where 
(100 ) a = density of crane flies in coapad 

b = density of cowpads 
e = density of crane flies in grass 

This technique appears to be cumbersome, but several other 
techniques which have provensuccessfulforestimatingdensitiesof 
other species of crane flies were attempted on this species with no 
success. At night the larvae of other crane flies come to the surface 
to feed (Wilkinson and MacCarthy 1967). but the larvae of the 
range crane fly do not. Tip& paludosa larvae will come to the 

Control Measures 
Biological Control 

Birds are the most visible biological control. Starlings (Sturnus 
vulgaris L.), red-winged blackbirds (Agelaiusphoeniceus (L), kill- 
deer (Choradrius vociferur L.), and long billed curlews (Numenius 
americanus Bechstem) are among the species that have been seen to 
eat the larvae of the range crane fly. The birds usually come 
through an infested area about the time that the larvaeare pupat- 
ing. All the birds feed on larvae in or under cowpads during 
nanoutbreak years, feeding either by poking their beaks through 
the cowpad or by flipping the cowpad and feeding on the larvae 
which are then exposed. Although both larvae and pupae are 
present under the cowpad, the birds were never observed eating 
pupae, only the larvae. 

Since cowpads only cover one percent of a field, and birds feed 
only on those larvae in or under cowpads, we feel that bird preda- 
tion is an ineffective means of population regulation. In addition, 
bird predation occurs at the time when the larvaeare pupating, and 
by then the crane flies have done their damage. 

We have not observed any larval deaths in the field or the 
laboratory that could be attributed to parasites or pathogens. A 
study done in England on the marsh cmne fly, found that viruses, 
microsporidia, and bacteria are found in larvae in the field, and arc 
lethal. Theyalsofound other parasites which did not kill the larvae, 
but did reduce their fecundity (Carter 1976). Introduced parasites 
or pathogens might prove effective means ofpopulation regulation 
in the future. 

Most insects have a self regulation system of population control. 
As the number of individuals increases and competition for food 
increases, the number of offspring which a female produces 
decreases. Eventually, the insect population comes into balance 
with its environment. 

In the range crane fly, we studied field captured females from a 
number of areas ranging in density from one per m2 to 800 per m2. 
A correlation coefficient was calculated to determine the relation- 
ship between the density of the femalesand the number ofeggslaid 
per female (Table I). It appears that crowding plays no part in 
regulating population numbers at low to moderate densities. 



Weather I. Total larvae in December averages 8.8 cm in outbreak years, 
In the laboratory, temperature, photoperiod, and moisture have 
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and Hynes 1980). However, no correlation exists between years of 
high crane fly densities with years of weather favorable for 
hatching. 

Pheromones 
The only pheromone which has been isolated so far is a larval 

locomotory inhibitor (Hartman, et al. 1978). The only known way 
IL... ^ I_^^_^.^__. :-L:L:.-_ ^^_ L_ ..“_A ̂ ^ ^ “̂  ,r,,, :, :+-:r ,.*.. I.- Inat a r”r;“rrl”L”ry llllll”ll”l Gall UC; UWZ” aa d C”Lll‘“1 13 11 II C(II1 “G 
used to make a rapidly moving insect stay in an unfavorable 
environment, or stay in contact with a pesticide. The range crane 
fly larva is a slow moving insect, so the addition of a locomotory 
inhibitor to pesitcide will have little additional benefit. 

Irrigation 

and only 3.7 cm in nonoutbreak years. 
2 The average minimum temperature in November in outbreak _. _ ___ - ___~_ ___.._.___..__ .~~~~= 

years is 4. lo C and 5.3’ C in nonoutbreak years. 
3. The average precipitation in November is 3.1 cm in outbreak 

years, and 5.7 cm in nonoutbreak years. 
4. The average maximum temperature in December is 10.8” C in 

outbreak years and 12.4’C in nonoutbreak years. 
For Tulare County, we can be 85% sure that a range crane fly 

outbreak will occur if December’s rainfall is higher than average, 
minimum temperature in November is cooler than average, rainfall 
in November is below average, and maximum temperatures in 
December are below average. November and December are the 
months in which the early larval instars are found, which causes us 
to more strongly support our third possible hypothesis, that out- 
break years occur when there is a high survival of early larval 

The eggs have a very low survival rate if kept damp all summer, 
or if there is no natural drying period between the first and second 
rains (Hartman and Hynes 1980). Irrigation would climate the 
----- ---_ n.. -__LI_- I_.., AL_ ________ ._._..,A L_ ___l.:l.:.:..- range crane ,,y proLWxl, DUL mc crpcnSc WV”,” UC pr”Ul”rn*s. 

Sanitation 

instars. 

Recommendations for Timing of Control 
The most important aspect of control is that it is done early. As 

A possible means of control, suggested by ranchers, is to break 
the cowpads mechanically. Since the crane fly larvae aggregate 
under cowpads, this would destroy their preferred habitat, and 
should decrease their numbers. However the number of larvae 
inhabiting cowpads is roughly 10% of the total population. Break- 
ing up cowpads will affect a small proportion of the larvae, which 
could live equally well in the grass. In addition, these would be the 
same individuals which are presently destroyed by existing biologi- 
cal control measures. 

Fire 
Fire during the summer may affect the crane fly eggs. Although 

fire itself does not increase soil temperature where the eggs are 
located, the lack of straw in the field will increase the soil’s expo- 
sure to the sun and daily soil temperature will be higher in burnt 
CLlrl” *I.,.. :.. ..-I...,..+ CL.lrlr , nL,.m,,..... ~..:.-ln”M :“~:nnr~r *I.-+ ” 11GL”J 111a11 111 “ll”UlL.L 112;1W=. La”“.ar”rJ G”1cl~ilL.c IIIuIti=LLK.D L&I-L Q 
high temperature leads to lower egg survival (Hartman and Hynes 
1980). However, field tests are still needed to confirm the effective- 
ness of a slightly warmer soil on egg mortality. 

soon as forage crops have sprouted, begin checking under cow- 
pads. If there are large numbers of crane fly larvae under the 
cowpads, dig up several grassy areas measuring 0. I m* down to the 
roots and count the number of larvae in the sample. If there is an 
average of 200 larvae in each sample, you will have extensive 
damage in that field in that year. The sooner that the treatment is 
initiated after the crane fly larvae are observed in these densities, 
the less damage will be sustained. If the larvae are less than an inch 
in length, then they will continue to eat the forage for 3 to 4 weeks. 
If the control measures are delayed until the larvae are longer than 
an inch, or until damage to the forage is observable, then the larvae 
will probably continue to feed for only I to 2 weeks, and of course, 
control measures will be less effective in minimizing forage loss. If 
the environmental factors which signal an outbreak year are 
known in an area, as are presently known in Tulare County, early, 
more effective control operations can be initiated. Counties in the 
areas which have had outbreaks of range crane fly should test their 
own weather data for outbreak versus nonoutbreak years, and 
determine their own predictive weather factors. 

The loss of ground cover by fire, even if it were successful in 
reducing the number of crane fly eggs which hatch, has deleterious 
side effects. The range is more susceptible to soil erosion and the 
winter seedlings are more susceptible to frost. 

Chemical Control 
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