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CHAPTER 11 

BIRD PREDATION ON LARVAE: NUMBERS AND FEEDING BEHAVIOUR OF 

STARLINGS 

In this chapter the results of bird counts and observations 

of the feeding behaviour of captive and wild starlings are 

presented and discussed. 

BIRD COUNTS 

All bird counts are listed in appendix XV. 

Winchmore Plot 1. 

The counts of istarlings made at Winchmore plot 1 ln the 

autumn and winter of 1969; expressed as bird-hours/acre/day, 

are shown in table 11-1. This plot was situated within half 

a mile of a large winter starling roost and was frequently 

visited by flocks of several hundred starlings and occasionally 

by flocks of several thousand, with smaller flocks of less than 

100 also recorded regularly. Analysis of variance of the 

daily average counts listed in table 11-1 revealed that the 

difference between average counts made on rain days (i.e., 

days when 0.01in. or more of rain fell) and dry days was sig

nificant (p < 0.05; the analysis of variance tables for all ana

lyses of bird counts are given in appendix XV). 

Table 11-1 also shows the average counts for rain and dry 

days during the period March 15th - July 1st, 1969, i.e., the 

interval between sampling early and late third-instar larvae 

in exclusion areas, when birds (and sheep) were estimated to 

have destroyed 54.31% of the grass grub population in this plot. 

If the counts made on rain and dry days are assumed to give 

an unbiassed representation of bird numbers on all rain and 

dry days, respectively, during the period March 15th - July 1st, 

an average figure can be calculated for the bird population 

of this plot. The figure of 684.60 bird - hrs./acre/day was 

calculated as a weighted average : the 109 - day period 
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Table 11-1. Starling counts at Winchmore plot 1 in 1969. 

R = rain day. 

Date 

21/iii (R) 

26/iii 

4/iv 

19/iv 

24/iv (R) 

30/iv (R) 

5/v 

16/v 

22/v (R) 

26/v 

29/v (R) 

5/vi 

13/vi 

19/vi (R) 

27/vi (R) 

1 6/vi i 

24/vii 

9/viii (R) 

18/viii 

Starling - hrs./acre/day 

3005.76 

2191.92 

585.29 

65.92 

1415.94 

3037.83 

95.55 

81 .12 

297.62 

362.69 

1562.87 

123.41 

429.73 

892.90 

218.94 

52.50 

13.02 

78.70 

208.79 

Average starling- hrs./acre/day 
in period 15/iii-1/vii 

240. 

---.---------------~---------------------.--------------~ 

Rain days 

Dry days 

Total period 

1490.16 

491 .95 

684.60 

~----------------~-------------.-------------------------

included 21 rain days, and 

21 88 
109 x 1490.16 + ~ x 491.95 = 684.60. 

_. - . - - - - - --
-"'-.. -."'-.-- --
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The higher counts on rain days may have resulted from 

birds being attracted by the softer soil on these days making 

subterranean prey easier to obtain. The only soil macrofauna 

which were abundant in these Winchmore soils were grass grubs 

and earthworms. Whereas earthworms are found in large numbers 

throughout irrigated Winchmore soils, the properties surround

ing the 70 acre farmlet where plots 1 and 3 were situated had 

a history of intensive DDT usage and appeared to be free of 

grass grubs. The 70acre farmlet was divided into 11 3-10acre 

paddocks, two of which were free of grass grubs while 10-30% 

of the other nine paddocks showed signs of grass grub damage 

in the autumn. This grass grub infestation was the only one 

in the immediate vicinity of the starling roost and attracted 

large numb~rs of the birds. 

The birds which visited the 70 acre farmlet appeared to 

concentrate their feeding activity within the patches of grass 

grub-damaged pasture, and this was borne out by counts made in 

exclusion areas and in a 3 acre grass grub-free area situated 

on the adjacent property , between plot 1 and the roost (table 

11-2). Counts were made of the birds feeding ln this plot on 

days when counts were made from a motor vehicle, which was 

parked in a position from where plot 1 and the 3 acre plot 

were visible. Starling numbers were higher, on average, in 

the open 12ft. by 6ft. areas than in the 2 acre plot as a 

whole (table 11-1). Since the exclusion areas were located 

within the 40% of plot 1 which showed signs of grass grub 

damage, the starlings apparently tended to spend more time 

in localised areas of high grass grub density within the plot 

than in adjacent areas with low grass grub numbers, although 

analysis of variance revealed that the difference between the 

average daily counts for the open 12ft. by 6ft. areas and for 

the plot as a whole were not significant for either rain or 

dry days (p > 0.10) • The birds fed Ie ss readily in the fenced, 

exclusion areas than in the open pasture (table 11-2). 
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Although flocks of starlings were often present in the neigh

bouring properties where there were few grass grubs, counts 

made in the adjacent 3 acre grass grub-free area produced a 

much lower average figure than recorded in plot 1 (table 11-2). 

Counts made in this area did not differ significantly between 

rain and dry days (p> 0.10) and the average for the total 

period is non-weighted. Although this area was closer to the 

roost than plot 1, the starlings clearly preferred to feed in 

and around the grass grub-infested 70 acre farmlet. 

Average daily starling counts made in 1970 on the open 

0.3 acre plot which was situated within plot 1 are shown in 

table 11-3. Counts were again significantly higher on rain 

days (P<0.005), while the size of the average starling popu

lation was of the same order as that recorded at plot 1 in 

the previous year. The average population for the period 

March 22nd - July 14th, 1970, i.e., between sampling early 

and late third-ins tar larvae, was calculated as a weighted 

\ average, this 115-day period including 27 rain days. 

Most of the starlings which visited plot 1 during the 

!autumn and winter were in transient flocks from the adjacent 

roost, i.e., flocks which usually spenta period of several 

minutes to several hours in plot 1 and the surrounding area 

before moving elsewhere, rather than being permanent resi

dents of the property containing plot 1. The only birds which 

appeared to be present continually on or close to this property 

during the day were those with nesting sites on the property. 

145 nesting boxes were erected by the farmer during June, 1969 

and these quickly attracted a breeding starling population, 

101 being occupied in the spring of 1969 and 138 in 1970. The 

birds which occupied these nesting boxes remained close by 

them throughout the autumn and winter, frequently entering the 

boxes and perching on them and usually feeding within sight 

of them. There was thus a resident population of 100-250 

starlings present on the 70 acre Winchmore farmlet where plots 

.• -.".", - ., ;-~ : ;';'-'0"' :.~«o:-:o 
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1 and 3 were situated throughout the latter part of the 1969 

winter and in the autumn and winter of 1970. These birds 

Tablie 11-2. Average starling counts in Winchmore plot 1 

and in an adjacent 3 acre grass grub-free area 

of pasture, March 15th - July 1st, 1969. 

Area Starling - hrs./acre/day 

Rain days Dry days Total period 

Plot 1 

Open 12ft. by 6ft. 
areas 2135.65 598.95 895.40 

Fenced 12ft. by 
6ft. areas (grass 
cut) 1119.25 248.05 411 .40 

3 acre area 33.72 24.77 29.25 

usually fed in groups of 5-40, and occasionally singly, in 

pairs, or in a larger flock of over 100. The resident birds 

presumably used the roost on the adjacent property and usually 

joined the transient flocks when these were present, but they 

did not all depart with these flocks. Some of the resident 

birds may have temporarily joined the transient flocks on 

occasions, as there were sometimes only 10-30 birds remaining 

on the 70 acre farmlet after the departure of a large flock. 

The composition of the transient flocks, i.e., whether they 

comprised mainly first and second year birds which had yet to 

establish nesting sites, older birds which had failed to find 

nesting sites or breeding adults which had temporarily left 

their nesting areas, is unknown. 

One attempt was made to estimate the size of the winter 

starling roost on the adjacent property, on a May evening in 

1970, when approximately 3000 starlings were counted flying 

. -' " . '. -.:. ~ 
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Table 11-3. Starling counts at Winchmore open plot in 1970. 

R = rain day. 

Date Starling - hrs./acre/day 

1/iv (R) 

18/iv 

24/iv 

3/v 

9/y (R) 

15/v 

24/v (R) 

4/vi 

14/vi 

18/vi (R) 

11/vii 

Rain days 

Dry days 

Total period 22/iii-14/vii 

I 

1014.90 

462.34 

235.80 

46.29 

2840.97 

166.03 

3384.47 

1210.00 

694.44 

1731 .66 

53.03 

Average 

2243.00 

409.70 

840.52 

into the roost. Most of the birds flew straight in, without 

preliminary ro~stcircling flights. When flocks of several 

hundred birds arrived there was not enough time for a direct 

count and it was only possible to estimate their size. About 

t of the roost was under surveillance, and the population of 

the roost may therefore have been of the order of 10,000 to 

20,000 birds. In both 1969 and 1970 the roost decreased to 

no more than a few hundred birds during mid to late July and 

early August. This may have resulted from dispersal of the 

birds in search of breeding sites or the roost shi~ting to 
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another locality. Starling counts at plot 1 tended to fall 

off after late June in both years (tables 11-1 and 11-3). 

Winchmore plot 3 

Starling counts made at plot 3 are given in table 11-4 

and average counts in table 11-5. On each day that a count 

was made at plot 3 half of the day was spent observing the 

plot, except for the periods March 13th - 17th and April 4th-

7th, when the whole day was spent at the plot. Starling counts 

made on rain days were significantly greater (p < 0.01) than 

those made on dry days for the total period, March - June. 

Average counts on rain days were also greater for each indi

vidual month, but this difference was only significant for 

April (p < 0.05), being not significant (p> 0.10) for the other 

three months. The average starling population for the total 

period of 97 days, which included 26 rain days, was 1166.15 

bird-hours/acre/day, considerably greater than the averages 

of 684.60 and 840.52 recorded at plot 1 in 1969 and 1970, 

respectively (tables 11-1 and 11-3). This weighted average 

does not allow for differences between months, starling numbers 

tending to decline from March to June (table 11-5), but it is 

comparable to the averages calculated for the other plots. 

Since bird counts at plot 3 were made over half day or 

whole day periods, it is possible to compare morning and after

noon counts (table 11-5), i.e., counts made during the first 

and second halves of the day. On days when there was no frost 

the difference between average morning and afternoon counts 

was not significant (P>0.10). The difference was relatively 

greater for frost days, i.e., days when there was a ground 

frost of 1.0oF or greater. This might be expected, since the 

soil remains frozen until mid-late morning on these days, 

making it very difficult for starlings to probe for grass grubs 

until the ground has thawed, but the difference between aver

age morning and afternoon counts on frost days was not signi

ficant (p > 0.05). The non-significant differences between 
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Table 11-4. Starling counts at Winchmore plot 3, 1970. 
I;·· - . ____ . 

R = rain day. 

I ' 
Starling-hrs./acre/ Date Starling-hrs./acre/ Date 

day day 

13/iii (R) 543.75 24/iv 66.65 

14/iii (R) 10100.51 27/iv 35.40 

15/iii 4376.81 1/v (R) 134.09 
f·'" - . '.' <,- , .... , ,~-

16/iii (R) 1471 .48 3/v 109.37 

17/iii (R) 7362.75 4/v 149.21 

20/iii (R) 2730.72 9/v (R) 2034.62 

22/iii 3189.31 14/v 325.50 

23/iii 2979.68 15/v 274.46 

25/iii (R) 2008.31 16/v 32.81 

27/iii 1186.96 19/v 39.56 

29/iii 875.00 24/v (R) 442.18 

31/iii 852.06 25/v 1856.50 

1/iv (R) 2630.46 27/v 1078.90 

2/iv 2425.00 30/v 1243.21 

4/iv (R) 1005.08 4/vi 89.84 :-. ' • ~;"-' < -":" - - - • , 

5/iv 553.37 7/vi 98.93 

6/iv 508.06 8/vi 49.46 

7/iv 614.06 10/vi 8.59 

10/iv 464.06 14/vi 15.87 

15/iv 101 .28 17/vi (R) 190.87 

16/iv 122.90 18/vi (R) 220.56 

18/iv 277.59 22/vi 237.21 

22/iv 32.81 25/vi 323.44 

23/iv 6.75 
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Table 11-5. Average starling counts at Winchmore plot 3, 

1970. Numbers of t or 1 day samples in 

parentheses. 

Month Starling - hrs./acre/day 

Rain days Dry days 

March 4036.25 (6) 2243.30 (6) 

April 1817.77 (2) 433.99 (12 ) 

May 870.30 (3) 567.72 (9) 

June 205.71 (2) 117.62 (7) 

Total 2375.03 (13) 723.55 (34) 

Weighted average for total period = 1166.15 starling-

hrs./acre/day 

Average starling-hrs./acre/day 

Morning counts Afternonn counts 

Non-frost days 1530.71 (22) 2635.86 (1 5 ) 

Frost days 88.49 (7) 683.08 (12) . 

morning and afternoon counts for both frost and non-frost days 

suggest that the procedure of treating counts made over half 

a day or less as representative of the bird numbers for that 

complete day would not result in biassed estimates. 

The 0.64 acre of plot 3 represented a localised area of 

very high grass grub density, which attracted very large numbers 

of starlings, particularly during March and early April, when 

there were frequent rain falls, which kept the soil soft and 

facilitated probing for grass grubs. Plot 3 was the focal 

point of the feeding activity of the starlings which visited 

the area in this period. The birds also fed in other paddocks 

I 
I -
I 

I .. 
, 



which could be observed while counts were made at plot 3, 

mainly in an adjacent paddock which was being used as a 

runoff and contained very short pasture, but there were 

usually many more birds on plot 3 than in the surrounding 

15 acres which were in view, although this area contained 

few patches of grass grub-damaged pasture and included 7-

248. 

7t acres of rank pasture in the paddock containing plot 3. 

This rank area was not visited by starlings until it was 

grazed in early - mid April. Before then the birds restricted 

their feeding to the area of short, grass grub-damaged pasture 

(plate 10-1)~ 

The largest number of starlings recorded on plot 3 in 

anyone count was 5,400, on March 14th. If the total popu

lation of the adjacent roost was 10,000 - 20,000, this count 

represented about t - ~ of the population. The starlings did 

not concentrate entirely on plot 3 during March and early 

April, as considerable numbers were also counted in late 

March and early April on the open 0.3 acre plot within plot 1 

(tables 11-3 and 11-9). Plots 1 and 3 were about 500 yards 

apart and were obscured from each other by several intervening 

gorse hedges, so it was not possible to tell if starlings 

were feeding on plot 1 while counting at plot 3 or vice versa. 

The starling flocks in this area did not appear to be very 

stable associations, with frequent breaking up and coalescing 

of groups of tens to thousands of birds accompanied by regular 

arrivals and departures of other flocks, and groups of star

lings were often observed in plots 1 and 3 and in all of the 

intervening paddocks while walking or driving between the 

plots. It seems likely that the average counts of 600-900 

starling-hours/acre/day recorded at plot 1 were typical of the 

starling density within the areas of the 70 acre farmlet where 

grass grub populations were high enough to cause visible 

pasture damage, with the higher average of over 1000 starling

hours/acre/day recorded at plot 3 in 1970 resulting from the 
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extra attraction to the birds of the exceptionally high grass 

grub density (for the area) of over 1000 third-instar larvae 

per square metre present in this plot. 

Winchmore plot 2 and Weka Pass and Lincoln plots. 

Exclusion studies on these three plots in 1969 revealed 

that bird predation of larvae did not significantly affect the 

survival of the grass grub populations. Starling counts at 

Winchmore plot 2 are summarized in table 11-6. The difference 

between counts on rain and dry days at this plot was not 

significant (P>0.10) and the average for all days is non

weighted. In this area, as at Winchmore plot 1, the birds 

were observed to spend more time feeding in grass grub-infested 

pasture than in adjacent uninfested paddocks. The population 

of about 60 starling-hours/acre/day, although not large enough 

to significantly affect grass grub survival, was considerably 

larger than the writer's general impression of the starling 

population density typical of Canterbury pastureland. It 

appears that starling predation of grass grub larvae will only 

have a major influence on grass grub population trend in local

ised areas of high starling density, as encountered on the 

70 acre farmlet where Winchmore plots 1 and 3 were situated. 

No starlings at all were observed at the Weka Pass plot 

in 1969, a total of 23.5 hours being spent observing this plot 

on 6 separate days in the period mid-May to early August. 

There were also no starling probe-holes observed in this plot. 

The large flocks of starlings which had been seen on the plot 

in the -winter of 1968 apparently did not visit it in 1969. 

Starlings were still present in the area in 1969, flocks of 

several hundred being seen on the 3000 acre property where 

the plot was situated on three occasions during the winter of 

that year, but no starlings were seen within 1 mile of the 

study plot. There was no starling roost located within several 

miles of this property. It appears that in areas situated some 

distance from a winter roost, tlw birds can not be relied upon 
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Table 11-6. Starling counts at Winchmore plot 2, 1969. 

R = rain day. 

Date Starling-hours/acre/day 

1/iv 94.85 

4/iv 304.16 

24/iv (R) 0.00 

5/v 6.00 

16/v 0.00 

29/v (R) 159.09 

13/vi 2.08 

27/vi (R) 42.12 

24/vii 0.00 

18/viii 0.00 

Average 

Rain days 67.07 

Dry days 58.15 

!All days 60.83 

to visit localised areas of a few acres each winter. The only 

methods of ensuring regular visits by starlings during autumn 

and winter are location ofa roost on the property and con

struction of artificial nesting sites to attract a breeding 

population. 

Starling counts at the Lincoln plot are shown in table 11-7. 

The difference between counts made on rain and dry days at this 

plot was not significant in either 1969 or 1970 (p> 0.10) • 

The Lincoln plot was closed to grazing in the winter of 1969 

and heavily stocked in the winter of 1970. Although starlings 

often prefer to feed in the company of sheep, starling numbers 

at Lincoln appeared to be less, if anything, in 1970 when the 
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Table 11-7. Starling counts at Lincoln plot. R = rain day. 

1969 

Zero cou~ts on 5/iv, 29/iv, 
6/v, 8/v(R), 10/v(R), 12/v, 
20/v(R), 25!v(R), 28!v(R), 
4/vi, 17/vi, 20/vi(R)~ 23/vi, 
24/vi, 25/vi, 30/vi(R), 7/vii 
(R), 12/vii, 28/vii, 10/viii, 
12/viii. 

Date Starling-hrs./acre/day 

26/iv 7.81 

27/iv 6.25 

4/v 6.25 

7/v(R) 0.69 

13/v 35.42 

17/v(R) 0.39 
11/vi 3.79 

12/vi 7.98 
28/vi 4.73 

15/vii 28.75 

26/vii(R) 30.79 

31/vii 24.43 

16/viii 8.75 

Average 

:Rain days 3.19 

Dry days 5.59 

~ll days 4.88 

1970 

Zero counts on 25/iv(R), 17/~ 
5/vi(R), 13/vi, 20/vi, 24/vi. 

Date Starling-hrs./acre/day 

14/iv 

2/v 

10/v(R) 

26/v(R) 

29/v 

5/vii(R) 

Rain days 

Dry days 

All days 

Average 

1.29 

6.04 

0.71 

7.62 

3.50 

0.58 

1. 78 

1. 55 

1.64 
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grass grub population had also declined, although the differ

ence between the 1969 and 1970 starling counts was not sig

nificant (P>0.10). There was a resident population of about 

30-50 starlings in both 1969 and 1970 in an area of approxi

mately 100 acres of farmland centred on the Lincoln plot. 

About this number of starlings could usually be found within 

this area in both winters, sometimes in a single flock and 

on other occasions in several separate smaller groups. A 

large flock of 300-500 starlings was observed feeding in the 

area on two occasions in late June, 1969. This flock was not 

seen on the study plot, but it was observed feeding in the 

adjacent paddock on one occasion. The flock was a transient 

one and was not seen again. Starling densities similar to 

those observed at Lincoln and in J. Coleman's West Melton 

study area, i.e., of the order of one per acre, appear to be 

typical of both irrigated and non-irrigated Canterbury pasture

land, judging by qualitative observations made during the 

winter of 1968 whilst searching for a suitable study area. 

other species. 

Apart from the starling, the only species of bird known 

or suspected to prey on grass grub larvae recorded on the 

study plots was the white-backed magpie (Gymnorhina hypoleuca). 

Numbers of this species were very low on all plots, in com

parison to numbers of starlings, except for the Weka Pass plot, 

where no starlings were recorded (table 11-8). Although the 

magpie is a common bird on the Canterbury Plains, it appears 

to occur at low densities throughout, without the localised 

areas of high density as found with the starling. Over most 

of Canterbury it is rare to see more than 15-20 magpies in a 

single flock, and the species usually occurs in groups of 2-

6 at densities far below one bird per acre. The Weka Pass area 

supported large numbers of magpies and on occasions flocks 

of up to 25 were seen in this area, although the largest number 

recorded on the plot at anyone time was four. From my 
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Table 11-8. Counts of magpies on study plots. 

Plot Average magpie-hrs./acre/day 

Winchmore 1 (1969 ) 0.01 

Winchmore open plot 
(1970 ) 0.00 : 

Winchmore 3 0.00 : 

Winchmore 2 0.63 

Weka Pass 1.40 

Lincoln (1969) 0.21 

Lincoln (1970 ) 0.08 

experience it is unlikely that the magpie occurs in sufficient 

numbers anywhere in Canterbury to have a significant effect 

on grass grub populations, particularly since McIlroy's 

(1968) evidence suggests that grass grub larvae are only a 

minor item in its diet, although there may be a few localised 

areas which are exceptions to this. 

FEEDING BEHAVIOUR OF STARLINGS 

General Observations. 

General observations of starling feeding behaviour were 

made at Winchmore, in the area where plots 1 and 3 were situ

ated, during the periods when a significant proportion of the 

grass grub population was in the top 1in. of soil and hence 

potentially available to starlings. Although 15-40% of first 

and second-instar larvae are found in the top inch during 

January and February (chapter 9), fragments of grass grub 

larvae do not appear in the faeces of starlings at Winchmore 

until March (Lobb and Wood, 1971), when large numbers of third

instar larvae are present in the top inch of soil. Starlings 

were observed to concentrate on hunting for surface dwelling 

, -. ~.~:. 
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insects in January and February. Observations of feeding 

flocks were made on several occasions during these months. 

The birds typically fed by walking across the pasture 

surface, often with the head well forward obviously searching 

for food, and making a sudden, forward dart, apparently to 

capture some small mobile insect on the surface. This type 

of behaviour was termed "surface hunting". Starlings were 

also frequently observed picking up small objects off the 

surface rather casually, without the darting movement 

characteristic of surface hunting, and turning over sheep 

droppings, and were occasionally observed to jump a short 

distance into the air to capture aerial prey, but they were 

seldom seen to probe into the turf at this time of the year. 

The main prey items obtained by surface feeding were probably 

weevils, particularly the Argentine stem weevil (gyperodes 

bonariensis) and grass weevils (Irenimus spp.) and the wheat 

bug (Nysiushuttoni), which form the bulk of the starling's 

summer diet (Lobb and Wood, 1971). 

During summer even irrigated Canterbury pastures are usu

ally too dry to allow starlings to probe readily into the soil, 

except when it is softened by heavy rain or irrigation. Hence 

starlings may be forced to concentrate largely on surface 

dwelling and aerial insects at this time of the year. There 

are normally about ~ix irrigations in irrigated mid-Canterbury 

farms in the period October-April, the number of irrigations 

being inversely related to rainfall. During and after summer 

irrigations the birds were seldom seen to probe, even in 

pastures which were grazed short, but concentrated on surface 

hunting for insects disturbed by and floating in the irri

gation water. Large numbers of insects are driven to the 

surface during irrigations of Winchmore pastures, particularly 

H. bonariensis, collembola and various flies, and irrigations 

usually attract many black-backed gulls (plate 12-1) as well 

as starlings. The gulls were never observed to probe and are 
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apparently purely surface feeders. Although probing behaviour 

andprobe holes in the soil were seldom observed after summer 

irrigations,earthworm chaetae are a common constituent of 

starling faeces throughout the year and are especially pre

valent immediately after an irrigation or a period of heavy 

rain (Lobb and Wood, 1971; J. Wood, pers.comm.). These 

earthworms are probably picked up off the surface rather than 

obtained by probing, since irrigation and heavy rain drive 

many earthworms to the tops of their burrows and out on to 

the sur.face (personal observation). 

Starlings were observed to switch from predominantly 

surface hunting to a combination of probing for subterranean 

prey and surface feeding during March, when third-ins tar grass 

grubs appeared in large numbers in the top inch of soil and 

became a major item in the birds' diet. There may be a general 

decline of populations of surface dwelling pasture insects 

during the autumn (March - May), which could account for the 

fall-off in the occurrence of some of the major summer food 

items, ~., grass weevils (Irenimus spp.), during this period, 

when the total number of prey species recovered from starling 

faeces also declines (J. Wood, pers.comm.). Although 

Hyperodes bonariensis remains abundant during autumn, when 

second generation adults emerge and undertake dispersal flights 

(Pottinger, 1961), 'and is a major item in the diet of Winchmore 

starlings until June (Lobb and Wood, 1971), it is possible 

that a decrease in the overall abundance and variety of sur

face dwelling pasture insects coincides with the entry of 

large numbers of third-ins tar grass grubs into the top 1 inch 

of soil in March. Whereas second-ins tar grass grubs may be 

relatively unattractive to starlings in comparison to ~evils 

and other surface fauna which can be obtained with little or 

no probing, the larger third-ins tar grass grubs (plate 2-1) 

are probably a much more attractive food than small, hard

bodied insects i - t inch long, such as weevils and wheat 
bugs. The combination of a decline in the numbers of many 
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surface insects and the appearance of relatively large, soft

bodied third-ins tar grass grubs in the upper soil layer may 

account for the sudden ch~nge in the status of grass grubs in 

the starling's diet from absent in February to common in March. 

Grazing management also affects the availability of grass 

grubs to starlings during late summer and autumn. At this 

time of the year growth of irrigated Winchmore pastures 

exceeds stock requirements, and this excess production is 

conserved for winter feed by closing part of the farm to 

grazing. 

situated, 

ocks had 

On the 70 acre farmlet where plots 1 and 3 were 

by late February-early March 8 or 9 of the 11 padd

been closed to grazing for periods of 3 to 12 weeks 

and were in moderate to very rank condition. This rank pas

ture excluded starlings from probing into the soil, as illu

strated by the bird counts in the fenced areas in plot 1 

which were left rank in 1969 (table 10-7, p.175), and in 

January and February the starlings fed mainly in paddocks 

which were being grazed. The management of the paddock con

taining plot 1 was similar in both years of this study, the 

paddock being closed to grazing from January until mid-late 

March, by which time it was in very rank condition (plate 11-

1). In the areas of this paddock infested by grass grub, pas

ture growth was considerably reduced by March but the pasture 

was still rank (plate 14-1), and no starlings were seen feed
ing in these areas of moderate grass grub damage while the 

pasture remained rank. In areas of severe grass grub damage 

,where the grub population was large enough to virtually 

eliminate pasture production, as encountered at plot 3 in 

1970 (plate 10-1), starlings readily entered and probed for 

grass grubs, and most of the predation observed at plot 3 

occurred in March and early April before the plot was grazed. 

The 4t acre paddock containing plot 1 was grazed by a large 

mob of 550 ewes from mid-March (plate 11-2), for 1-2 hours per 

day at first and then for longer periods until the pasture 
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Plate 11-1. View of paddock of irrigated Win c hmore autumn

saved pasture on t h e same property as plot 1. 

Ph otograph taken i n mid-Marc h , 1971, wh en t h e 

pasture was ab ou t to b e grazed for t h e first 

t i me i n 10 weeks. 



Plate 11-2. Same view a s i n plat e 11-1, ph otograph ed 9 

day s later durin g grazing. Th e pastu re had 

b een grazed for 1-2 h ours on each of t h e 

258. 

9 day s at t h e very h igh stockin g rate t y pical 

of t h is property . 
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was grazed down hard (plate 14-2). The pasture became short 

after 7-10 days of grazing for 1 - 2 hours per day at this very 

high stocking rate. While the pasture was still moderately 

rank starlings visi te'd the plot during the 1-2 hours while 

it was being grazed but were seldom seen on the plot at other 

times of the day. This is illustrated by counts made from 

the hide in March, 1970, on, the fourth and eighth days that 

the plot was grazed (table 11-9). These counts underestimate 

the actual starling numbers, as many birds were obscured by 

the rank pasture, but no birds were present on the plot while 

the sheep were off it. The counts are listed in appendix XV. 

During the first week that the plot was grazed the starlings 

usually arrived a few minutes after the sheep, left when dis

turbed by the sheep being driven off and did not return. 

Table 11-9. Starling counts at open plot within Winchmore 

plot 1 during initial period of grazing. 

~' --
Sheep present Sheep' absent 

Date 

Hrs. of Starling- Hrs. of Starling -
observation hrs. observation hrs. 

--
23/iii/70 1.08 375.33 2.92 0.00 

27/iii/70 1. 33 174.00 2.17 0.00 
L..--, --

While extracting grass grubs from soil samples taken in the 

autumn the impression was gained that samples from areas which 

had been undisturbed by grazing for 2-3 months contained much 

larger numbers of surface dwelling invertebrates, such as 

staphylinids, wheat bugs, leaf hoppers (Jassidae) and small 

spiders, than samples from grazed areas, although counts were 

not made. Morris (1968) recorded a greater abundance of 

invertebrates in ungrazed than in grazed grassland, and he 

pointed out that the contradictory results of Southwood and 

" - - -. -. ~. -; ;':':< >,',-. ,,' 

'-,' . '-~ -',' ',~, . -'. '- ..... 
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van Emden (1967) may have arisen through the laxity of their 

cutting treatment and the age of their ungrazed grassland. 

It seems possible that there may be a build up of populations 

of invertebrates during late summer and autumn within un

disturbed, rank irrigated pastures. When autumn-saved 

Winchmore pastures were first grazed the starlings feeding 

ln them were observed to do a lot of surface hunting, often 

ln close proximity to grazing sheep, which the birds appeared 

to be using as b~aters. The starlings may have been initially 

attrac~ed to the paddock by the sudden availability of surface 

fauna disturbed by grazing, switching their attention to grass 

grub after the pasture had been grazed off, but while the 

pasture was still rank many birds were ohserved probing in 

localised areas within plot 1 where a concentration of sheep 

trampling and grazing had resulted in shorter pasture than in 

the rest of the plot. Continuous observation of starlings for 

periods of 10-20 minutes during initial autumn grazings showed 

that individual birds usually concentrated entirely on either 

probing in areas of shorter pasture or surface 'hunting, at 

least for periods of this length, which suggests that each 

starling formed a searching image for either surface fauna or 

soil fauna such as grass grubs. 

Once the pasture was grazed short starlings visited the plot 

regardless of the presence or absence of sheep, and probing 

was commonly observed throughout autumn and winter. Starlings 

were also frequently observed picking up small objects off the 

surface at this time of the year, when stem weevils and wheat 

bugs remain important items in the diet (Lobb and Wood, 1971), 

but surface hunting was not observed as often as during the 

summer. Probing was the main winter feeding technique in plots 

1 and 3. The starlings typically fed in compact flocks of 

tens or hundreds of birds (plate 11-3), and sometimes in 

thousands. After a flock had spent a few minutes feeding 

within an area of grass grub-infested pasture, the soil was 
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riddled with probe-holes (plate 11-4). These concentrations 

of probe-holes were always found within localised areas 

which had shown signs of grass grub damage before the plot 

was grazed, and the starlings clearly concentrated their 

probing within localised patches of high grass grub density. 

The birds are undoubtedly able to locate these patcbes 

visually before the pasture has been grazed short, by ob

serving pasture damage. After heavy grazing the patches of 

grass grub damage are shown up by pulled pasture (plates 

10-2 a~d 14-2), particularly in areas of severe damage. 

Starlings may also locate grass grub patches by searching 

randomly until grass grubs are located and then restricting 

their searching to the immediate vicinity of the area of 

the find, with further captures leading to the formation of 

a searching image for grass grub. Once a patch has been lo

cated it is possible that the starlings may be capable of 

returning to the exact spot, since Craze (1970) found that 

carrion crows were apparently able to distinguish different 

areas within a featureless shingle beach. Relocation by 

starlings of a patch of high grass grub density which had 

been fed in previously would be assisted by the presence of 

signs of heavy probing (plate 11-4). Although many probe

holes are eliminated by sheep treading at high winter 

stocking rates, some evidence of probing usually remains. 

Gibb (1962a) sugge~ted that birds searching for concealed 

prey may use signs of previous attacks to tell them when an 

area has been fully exploited, but whereas the holes left 

in pine cones by the tits he studied usually indicated the 

successful capture of a eucosmid larva, this is not the case 

with starling probe-holes, since most probes do not result in 

the capture of a prey. The starlings observed in this study 

usually spent only a few minutes on anyone day in a given 

grass grub patch, and hence a heavily probed area still 

contained numerous grass grubs. Even if the starlings did 



Plate 11-3. Flock of starlings feeding in pasture at 

Winchmore. 
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Plate 11-4. Close-up view of t y pical heavily prob ed, 

grass grub-infested pasture i n Winchmore 

plot 1. Th e wire qu adrat is 1 ft. square. 

Ph otograph taken on 1 6/v /69, after t h e 

plot h ad b een h eavily stocked for 2 mo n t h s. 

263. 
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significantly deplete the grass grub density in the top 1in. 

wi~alocalised, heavily probed area, upward movement of 

grubs from greater depths might replenish the supply of 

grass grubs. The "predation by expectation" postulated by 

Gibb would therefore not be expected to apply in the case of 

starlings searching for grass grubs. Starlings may also 

utilize the softness of the soil where grass grubs have 

weakened the turf mat to locate grass grub patches (table 11-

10). The softness of soil within the patches would .lso facili

tate,probing and the capture of grass grubs. 

Table 11-10. Soil penetrabilities (lb./in~.) ln areas of grass 

grub-damaged and undamaged Winchmore pasture. 

Each average is the mean of 10 penetrometer 

readings. 

Damaged Undamaged 

Plot Date Average Range Average Range 

1 25/iii/70 152.5 105-295, 229.5 150-360 

1/iv/70 137.0 100-230 195.0 120-305 

f-' 

3 14/iii/70 167.5 90-215 193.0 130-250 

22/iii/70 120.5 75-180 185.5 105-260 

10/iv/70 228.0 160-285 287.0 190-360 

Experiments with Captive Starligg~ 

By observing captive birds through the one-way mirror 

(see p.134) it was possible to obtain a close-up view of star

lmgprobing behaviour (plates 11-5 and 11-6). The starlings 

located subterranean prey by thrusting the closed bill into 

the soil and then simultaneously partly withdrawing the bill 
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and opening it to widen the hole, the eye being perfectly 

situated to look down into the hole (plate 11-5) as des

cribed by Lorenz (1949). When a prey was located it was 

removed, either immediately or after several more probes and 

bill-gaping movements in rapid succession, and swallowed. 

Before being swallowed the prey was always withdrawn far 

enough to allow an item the size of a third-instar grass grub 

to be easily identified, although the prey was not usually 

withdrawn as far as is shown in plate 11-6 before being 

swallowed. 

The results of experiments ln which capture success, the 

number of grass grubs captured per 100 probes, was measured 

at different grass grub densities and soil penetrabilities are 

shown in figs. 11-1 to 11-4, along with the regression equations. 

In some of the experiments at lower grass grub densities the 

results from two or more experiments coincided; only a single 

point is shown for these cases. The complete data are listed 

in appendix XVI. As the average penetrability increased from 

50-100 to 300-400lbs./sq.in. the slope of the regression of 

capture success on grass grub density in the top 3.Ocm. de

creased from 0.01259 to 0.00287, so that at a given grass 

grub density the capture success was greater when the soil 

was softer, as would be expected. Most of the experiments were 

carried out at aver'age penetrabilities of 100-200lbs./sq.in., 

since average penetrabilities measured at Winchmore on or 

soon after rain days, when most bird predation took place, 

were within this range. Average penetrabilities of 50-100 

lbs./sq.in. represent very soft pasture soils, and were only 

encountered in the field in this study in patches of grass grub

damaged pasture within the 0.3 acre caged plot at Winchmore, 

on wet days in late winter (August) after the plot had been, 

closed to grazing and the compacting effect of sheep treading 

for 3-4 months. Average penetrabilities of 200-300Ibs./sq.ino 

and 300-400Ibs./sq.in. represent moderately and very dry soj.lsy 
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Plate 11-5. Captive starlin g looking into a h ole it has 

made i n a piece of t u rf, ph otograph ed t h rou gh 

on e-way mirror. Following t h e initial prob e 

t h e bird has partly withdrawn its b ill, wh ic h 

i t has open ed to widen t h e h ole. 
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Plate 11-6. Captive starling holding a t h ird-ins tar 

grass grub in its bill, photographed 

through one-way mirror. 
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respectively, and were encountered in the field during spells 

of dry winter weather. 

Polynomial regression analysis of the data using the 

IBM-supplied computer program POLRG revealed that there was 

no significant curvilinearity in the regressions. The results 

for average penetrabilities of 100-2001bs./sq.in. are shown 

in table 11-11. 

Table 11-11. Reductions in sum of squares due to successive 

terms in polynomial regression of CS on N 

at average penetrabilities of 100-200lbs./sq.in. 

Source Degrees of Sum of Mean F 
freedom squares square 

Total 86 705.199 

Reduction to 
linear 1 538.130 538.130 273.785 

(P<0.001) 

Deviations from 
linear 85 167.069 1 .965 

Reduction to 
quadratic 1 3.836 3.836 1.974 

(P>0.10) 

Deviations from 
quadratic 84 163.233 1 .943 

Reduction to 
cubic 1 1 .826 1 .826 0.939 

(P>0.25) 

Deviations from 
cubic 83 161 .407 1 .944 

The F value for linear regression is highly significant while 

the values corresponding to the terms N2 and N3 are not. 

Similar results were obtained with the data for other pene

trabilities and the corresponding tables are presented in 

r ~ ~ ,- -". - - ~ " : >: : 



FIG. 11-1. RELATIONSHIP BETWEEN NO. OF GRASS GRUBS CAPTURED BY CAPTIVE STARLINGS PER 
100 PROBES (CS) AND NO. OF GRASS GRUBS 1M2 IN TOP 3·0 CM. OF TURF (N) AT 
AVERAGE SOIL PENETRABILITIES OF 50-100 LBS. /g;>. IN. 
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FJG.11-2. RELATIONSHIP BETWEEN NO. OF GRASS GRUBS CAPTURED BY CAPTIVE STARLINGS PER 
100 PROBES (CS) AND NO. OF GRASS GRUBS/M2 IN TOP 3'0 CM. OF TURF eN) AT 
AVERAGE SOIL PENETRABILITIES OF 100- 200 L8S.iso. IN. • 
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FIG. 11-3. RELATIONSHIP BETWEEN NO. OF GRASS GRUBS CAPTURED BY CAPTIVE STARLINGS 
PER 100 PROBES (CS) AND NO. OF GRASS GRUBS / M2 IN TOP 3·0 CM. OF 
TURF (N) AT AVERAGE SOIL PENETRABILITIES OF 200-300 LBS. Iso. IN. 
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FIG. 11-4. RELATIONSHIP BETWEEN NO. OF GRASS GRUBS CAPTURED BY CAPTIVE STARL
INGS PER 100 PROBES (CS) AND NO. OF GRASS GRUBS 1M2 IN TOP 3'0 CM. 
OF TURF (N) AT AVERAGE SOIL PENETRABILITIES OF 300-400 LBS. /50. IN. 
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appendix XVI. The linearity of the relationships between 

capture success and grass grub density in the top 3.0cm. 

would be expected if capture of grass grubs occurred ran

domly, ~., doubling the grass grub density would then 

double the average capture success. 

To determine whether the method used to seed grass grubs 

into squares of turf had any effect on capture success, 

separate regressions were calculated for experiments in 

which no grubs where seeded and those in which some (usually 

most or all) were seeded, with the results shown in table 

11-12. The slopes of the two regressions did not differ sig

nificantly for any of the penetrability ranges, but the t 

value for average penetrabilities of 100-200Ibs./sq.in., where 

sample size was largest, is very close to significance at the 

5% level. This creates the suspicion that the seeding method 

may have had an effect on the vulnerability of the grubs to 

Table 11-12. Slopes of regressions CS = QN + a for experi

ments in which grass grubs were and were not 

seeded, and tests of the significance of the 

difference between the slopes. 

IAverage soil' b Student's Degrees P 
D;>eiletrability t of 
(lb./sq.in.) Not seeded Seeded freedom 
r---" --

50-100 0.0088 0.0139 0.964 16 >0.10 

100-200 0.0070 0.0075 1 .985 83 >0.05 

200-300 0.0034 0.0048 0.292 17 >0.10 

300-400 0.0119 0.0032 0.588 10 >0.10 

capture by starlings, although it is not obvious how such an 

effect could have arisen, since the grubs were seeded in from 

the undersurface of the turf with no disturbance of the surf~ce 
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presented to the birds. The vertical distribution of grass 

grubs within the top 3.0cm. of turf was not measured, but 

if starlings probe randomly for grass grubs those grubs 

nearer to the surface, ~., at depths of O.1-1.0cm., would 

possibly be more susceptible to predation than those at depths 

of 2.1-3.0cm. The slopes of the regression lines were greater 

for experiments in which grubs were seeded (table 11-12), 

except for average penetrabilities of 300-400Ibs./sq.in., 

where the not seeded regression is based on only four points 

and iS,scarcely significant. It is possible that seeded grass 

grubs may have been closer to the surface, on average, than 

non-seeded grubs and therefore more susceptible to predation. 

However it is quite likely that the t value for average pene

trabilities of 100-200Ibs./sq.in. arose by chance, particu

larly since the t values for the other penetrability ranges 

were well below significant levels, and it appears safe to 

conclude that the seeding technique did not seriously bias the 

measurements of capture success. 

As well as varying with grass grub density; soil penetra

bili ty and the vertical distribution o-f grass grubs in the top 

3.0cm., capture success will vary with the average size of 

probe-holes, at least if probing is random, since larger and 

deeper probe-holes would have a greater chance of coming into 

contact with a gras's grub. Average probe-hole size could 

conceivably vary between starlings, due to differences in both 

bill length and probing technique. This subject was not in

vestigated in this study, but differences in probing technique 

between individual adult starlings may not be great enough to 

have much effect, since probing or bill-gaping is an innate 

behaviour pattern of the starling (Lorenz, 1949) and all of 

the five birds kept in this study probed equally readily into 

turf without any noticeable differences in technique. Vari

ation in soil penetrability around the average figure would 

also contribute to variation in capture success at a given 
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grass grub density and average penetrability, particularly as 

this variation was usually considerable, ~., at average 

penetrabilities of 130-180Ibs./sq.in., individual penetro

meter readings typically varied from less than 100 to well 

over 200Ibs./sq.in. (~., table 11-10). These sources of 

variation will introduce a degree of approximation into 

predictions of the capture of grass grubs by starlings in the 

field at a given grass grub density and average soil pBnetra

bility based on the regressions in figs. 11-1 to 11-4. 

Depths of Starling Probe-Holes and Probing Behaviour. 

Measurements of the depths of starling probe-holes are 

summarized in table 11-13 and listed in appendix XVII. 

Table 11-13. Depths of starling probe-holes (cm.). 

Average soil No.of Percentage of depths at Range 
fenetrability Measur- of lb. / sq. in. ) ements O. 1-0.8 0.9-1.6 1.7-2.4 2.5-3.3

1 
depths 

Experiments with captive starlings 

50-100 110 7.3 50.9 34.5 7.3 0.3-3.3 

100-200 200 28.2 37.8 30.0 4.0 O. 1 -3 • 1 

200-300 100 36.0 46.0 18.0 - 0.1-2.4 

300-400 100 68.0 24.0 8.0 - 0.1-2.4 
__ L., 

Field measurements 

100-200 150 18.0 34.7 43.3 4.0 0.2-3.0 

200-300 100 21 .0 56.0 22.0 1 .0 0.1-2.8 

300-400 50 52.0 26.0 22.0 - 0.1-2.3 

Average 
depth 

1 .59 

1. 35 

1 .06 

0.73 

1.49 

1 .24 

0.96 

Since probe-holes often remained apparent in the field for 

several days or longer, field measurements of probe-hole depths 

were restricted to periods when the average penetrability haa 
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remained within a given range for several consecutive days. 

The softer the soil, the higher the proportion of the probe

holes in the greater depth classes and the larger the average 

depth, which accounts' for the greater capture success at lower 

average penetrabilities of starlings searching for grass grubs. 

For a given range of penetrabilities the frequency distribution 

of probe-hole depths and the average depth were broadly similar 

for field measurements and captive birds, although the average 

depths tended to be slightly greater in the field. 

At average penetrabilities of 100-200Ibs~/sq.in., which 

were typical of the periods of high soil moisture when most 

of the starling predation occurred in the field, 50-65% of 

the probe-holes were 0.1-1.6cm. deep, with most of the re

mainder 1.7-2.4cm. deep and only a small number over 2.4cm. 

in depth. The deepest probes recorded were 3.3~m. (captive 

birds) and 3.0cm. (field). Hence the assumptions were valid 

that starlings probe to depths of up to about 2.5-3.0cm., a 

little more than the length of their bills, and that grass 

grubs in approximately the top 3.0cm. are therefore exposed 

to predation. 

The captive birds were often observed to make several re

peated thrusts and gaping movements with the bill without with

drawing it completely from the hole between thrusts, and all 

probe-holes deeper than 2.4cm. were formed in this way. On 

these occasions the bird apparently decided after making the 

initial probe that it was worthwhile following up, and then 

proceeded to deepen the hole with a further series of rapid 

probes, usually 2-6 and occasionally up to 12. This repeated 

probing occurred within the space of a few seconds, during 

which the bird often changed the angle of attack by moving 

its body through angles of up to 1800 without withdrawing the 

bill from the hole. The probe-holes made in this manner were 

approximately circular and up to 2.5cm. in diameter. Probe

holes were typically elliptical rather than circular, with 
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a long axis of 0.5-1.5cm. The starlings appeared to react 

to visual cues, since they usually partly withdrew the bill 

after the first and several of the subsequent probes, pre

sumably to see what had been exposed. Although a much higher 

proportion of these deep probes were successful than shallower 

probes, a considerable proportion were nevertheless unsuc

cessful, i.e., did not lead to the capture of a prey, which 

suggests that the birds were not always responding to the 

sight of a prey individual. 

Starlings are probably able to detect signs of activity 

of subterranean invertebrates, such as earthworm and grass 

grub tunnels, which they expose by probing and follow up in 

the hope of finding the cause of the soil disturbance they 

have detected. Alternatively, it is possible that unsuccess

ful deep probes occurred when a subterranean pr~y was initially 

sighted by the starling but retreated to greater depths before 

the bird could capture it. This would be unlikely to occur 

with the grass grub, which is a relatively sluggish mover 

through the soil and would be scarcely capable 'of retreating 

out of the top 3.0cm. of soil during the few seconds that a 

starling was probing after it. In trials where all of the 

grass grubs were seeded into the top 3.0cm., all of the grass 

grubs which were recov~ed from the square of turf after it 

had been placed in ~ith a starling for 1.5-5.0 minutes of 

probing were always still within the top3.0cm., and it appears 

that grass grubs are unable to defend themselves by retreating 

to greater depths while starlings are probing. 

Apart from grass grubs, the only soil macrofauna which 

were common in the squares of turf which were presented to 

captive starlings were earthworms, which are probably capable 

of rapid withdrawal down their tunnels when threatened by a 

probing starling. However, escape of earthworms seems an un

likely explanation for all unsuccessful deep probes, since 

earthworms were not a favoured food of captive starlings. When 
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presented with a choice of grass grubs and earthworms, captive 

birds always ate every grass grub before showing any interest 

in the earthworms, even when some grubs were obscured by pla

cing them beneath the worms. Birds probing into squares of 

turf were frequently observed to reject earthworms, partially 

pulling them out of the soil and then dropping them and 

probing elsewhere. They were never observed to reject grass 

grubs. When earthworms were eaten they were usually rubbed 

several times against the floor of the cage, apparently to 

scrape . off soil particles and chaetae. It seems that star

lings find the mucus-covered nature of earthworms, which 

favours the adherence of soil particles, distasteful, even 

though earthworms are a good source of nutrients for birds 

(French, Liscinsky and Miller, 1957). It therefore seems 

likely that unsuccessful deep probes usually re3ulted from 

starlings responding to visual signs of the activity of sub

terranean prey but failing to discover the prey responsible. 

Since 50-65% of the probe-holes at penetrabilities of 

100-200Ibs./sq.in. were less than 1.7cm. deep (table 11-13), 

grass grubs present at depths of 1.6-3.0cm. would appear to 

be less susceptible to predation than those in the top 1.5cm. 

However, as grass grubs burrow through the soil they move 

within a cell just large enough for them to turn around in 

whfle in their characteristic C shape (Galbreath, 1970), ~., 

within an approximately spherical cell about 0.8-1 .Ocm. in 

diameter. If a starling probe-hole 1.5cm. in depth just 

broke open the top of a cell containing a grass grub lying 

between the depths of 1.5 and 2.5cm., the bird would probably 

see the grub or recognize its burrowing and re-probe into the 

hole, i.e., probe-holes may only have to be deep enough to 

reach the top of a burrowing grass grub's cell to result in 

capture of the grub. Nevertheless, the probability of capture 

by a probing starling will still tend to decrease with in

creasing depths within the top 3.0cm. 
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Starlings probing in captivity and in the field were fre

quently observed to make very shallow probes, 0.1-0.8cm. 

deep, and then quickly move on for a few paces before making 

another probe. These shallow probes were not accompanied 

by marked bill-gaping and the sites were apparently rejected 

by the bird as unpromising without the need for visual assess

ment. In some cases at least they probably resulted from the 

starlings meeting obstructions to probing, such as stones, 

which were common in the Winchmore soils where probing was 

studied~ although the proportion of stones was usually lower 

in the top 3.0cm. than at greater depths. These shallow 

probes were most frequently observed when average soil pene

trabilities were ln the highest class encountered, 300-400lbs./ 

sq.in. Under these dry and hard soil conditions 50-70% of the 

probes were 0.1-0.8cm. deep (table 11-13), and the starlings 

often made a rapid series of such probes as though searching 

for a softer spot where they could drive the bill in to a 

greater depth. 

The proportion of probes 0.9-2.4cm. in depth fell from 85% 

to 32% as soil penetrability changed from 50-100 to 300-400 

lbs./sq.in. These holes, which resulted from "typical" probes 

as shown in plate 11-5, were made by one or more probes 

accompanied by gaping movements and occasionally led to the 

capture of a prey. 'At penetrabilities of 300-400lbs./sq.in., 

the hardness of the soil often prevented the birds from 

making full bill-gaping movements. Captive starlings were 

often observed to reprobe into holes where they had just 

captured a prey. This behaviour may be of value in obtaining 

the remainder of a prey which had been severed during capture, 

as was observed to happen occasionally with earthworms, though 

seldom with grass grubs. 

Location of Grass Grubs by Starlings. 

Evidence was obtained with experimental field popUlations 

at Winchmore plot 3 that grass grubs in different areas of tbe 
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0.64 acre plot were equally susceptible to starling predation 

(and sheep treading) during most Qf the time intervals (table 

10-21 p.195), which suggests that the cumulative feeding 

effort of the starli~gs over the 4-13 day intervals was usu

ally randomly directed within the plot. This plot was almost 

entirely comprised of severe pasture damage gaused by very 

high grass grub densities. Hence it appeared that while star

lings are undoubtedly able to locate patches of high grass 

grub density, as discussed on p.261, within these areas they 

probe randomly. The linear relationships between capture 

success and grass grub density in the top 3.0cm. (figs.11-1 

to 11-4) also suggest random capture of grass grubs within 

localised areas of pasture. Mathematical relationships for 

the number of contacts between two moving particles have been 

used successfully by some workers to describe the number of 

contacts between predator and prey (~., Holling, 1966). 

It was originally intended to utilize this approach to deter~ 

mine whether starlings locate grass grubs randomly within 

localized areas of high grass grub density, but difficulties 

arising through the three-dimensional volume in which starlings 

probe for grass grubs, variations in the orientation of grass 

grubs within this volume, and the irregularity of the shape 

of starling probe-holes led to the abandonment of this approach, 

The distribution of starling probe-holes within localised 

areas of heavy probing at Winchmore was examined by dividing 

a one foot square quadrat into 36 2in. by 2in. squares and 

,counting the number of probe-holes in each square. The results 

are shown in table 11-14 and the frequency distributions are 

listed in appendix XVIII. The variance: mean ratio is unity 

for a random distribution, less than one for an even dis

tribution and greater than one for a clumped or contagious 

distribution. The significance of a departure from unity can 

be tested by calculating 1 ± 2 J 2g / {g_1)2 {Salt and 
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Hollick, 1946). For n = 36 this gives 1± 0.485, so that 

ratios lying outside the range 0.515-1.485 differ signifi

cantly from unity. 

Table 11-14. Means (X) and variances (S2) of counts of 

starling ,probe-holes in 36 contiguous 2in. 

squares within 1ft. square quadrats at 

Winchmore plot 3. 

Date (1970) Quadrat X S2 S2/X Significance 
of departure 
from unity 

18/iii 1 4.305 3.989 0.926 ns 

2 3.555 3.397 0.955 ns 

3 3.000 8.800 2.933 s 

4 3.333 3.085 0.925 ns 

3/iv 1 0.888 0.902 1 .016 ns 

2 1.277 2.149 1.683 s 

3 3.194 3.875 1 .213 ns 

4 0.972 1.456 1.498 ns 

11/v 1 1 .861 2.294 1.233 ns 

2 1 .000 1.086 1.086 ns 

3 1 .694 1 .353 0.798 ns 

15/vi 1 0.583 0.478 0.820 ns 

2 1.000 1 .257 1.257 ns 

3 1.000 1 .314 1 .314 ns 

ns = not significant s = significant (at 5% level) 

Only two of the 14 distributions differed significantly 

from random, both of these being clumped. The starlings thus 

,.-"_:' .-
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generally probed randomly within the localised patches of high 

grass grub density, with a tendency towards a clumped dis

tribution of probing effort on occasions. It is possible 

that the birds might 'normally probe contagiously within 

these areas but produce a random distribution of probe-

holes after a time by "filling in the gaps" at subsequent 

visits by concentrating on less heavily probed areas within 

the areas of high grass grub density, similar to the pre

dation by expectation postulated by Gibb (1962a). This is 

unlikely, as counts made on May 11th and June 15th were made 

while the plot was heavily stocked. Under these conditions 

most probe-holes were probably obliterated within a few days, 

and it was difficult to locate square foot quadrats where 

there was no heavy sheep treading, so that these counts pro

bably represented freshly made holes. 

The distribution of grass grubs among 4.0cm. diameter soil 

cores in the top 3.0cm. of plot 3 is shown in table 11-15. Each 

of these samples comprised 200 cores, and therefore variance: 

mean ratios outside range 1± 0.201, i.e., 0.799-1.201, differ 

significantly from random. The distribution of grass grubs 

within the top 3.0cm. of this densely populated plot was ini

tially even, probably reflecting aggressive interactions 

between feeding third-instar larvae, but could not be dis

tinguished from random at the lower population densities en

countered towards the end of the study period. The even dis

tribution of grass grubs during most of the intervals suggests 

that it may have been more profitable for the starlings to 

distribute their probes evenly rather than randomly among 

2in. squares within the areas of high grass grub density in 

this plot, although a random distribution may be little if any 

inferior to an even one in terms of the chances of contacting 

a grass grub. The important point is probably that the dis

tribution of probe-holes tended to be random rather than con

tagious, since even a moderately contagious distribution may 
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have significantly reduced the chances of finding grass grubs. 

The starlings may have learnt through experience that it was 

more profitable to probe randomly rather than contagiously 

within grass grub patches, although a random distribution of 

probes among 2in. squares may simply have arisen from the 

starlings' normal habit of taking at least one or two steps 

between probes, at least in cases where a flock did not re

main within a grass grub patch for more than a few minutes. 

The results of experiments with captive birds in which 

grass grubs were seeded into known 1.96in.squares within 

11.75in. squares of turf and the distribution of probe-holes 

within each square of turf was measured on a 6x6 grid of 

1.96in. squares are shown in table 11-16. The complete 

results are given in appendix XIX. All grass grubs were 

seeded one to an occupied square. Not all of the probe-holes 

were found, possibly because some were obliterated by sub

sequent probes or because a few probes did not give rise to 

noticeable probe-holes. The average soil penetrability was 

between 100 and 200Ibs./sq.in. in all of these trials. The 

variance: mean ratio for the overall distribution of probe

holes differed significantly from unity if it lay outside the 

range 0.515-1.485. The distribution of probe-holes did not 

differ significantly from random in 13 of the 16 trials, simi

lar to the situation recorded in the field. Of the three 

distributions which were significantly non-random, one was 

even (trial 7) and two were clumped (trials 9 and 13). The 

average number of probe-holes per 1.96in. square differed 

significantly between squares which initially contained grass 

grubs and those which did not in only one of the 16 trials, 

trial 7, in which the average was significantly higher in 

squares without grass grubs. There is little doubt that in 

these experiments the starlings, which were deprived of food 

for 1-2 hours before each trial, were unable to tell where 

the grass grubs lay in the soil and were simply probing randomly. 
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Table 11-15. Means (X) and variances (S2) of samples of grass 

grub population in top 3.0cm. of Winchmore plot 3. 

Date (1970 ) X S2 S2/'X Significance of 
departure from 
unity 

18/iii 0.695 0.283 0.407 s 

26/iii 0.490 0.271 0.553 s 

3/iv 0.380 0.247 0.650 s 

20/iv 0.345 0.267 0.774 s 

29/iv 0.315 0.217 0.689 s 

11/v 0.250 0.198 0.792 s 

21/v 0.185 0.151 0.816 ns 
'/ 

l/vi 0.160 0.135 0.844 ns 

15/vi 0.110 0.108 0.982 ns 

ns = not significant s = significant (at 5% level) 

Table 11-16. Comparisons of distribution of probes by captive 

birds with distribution of grass grubs, including 

t tests for significance of the differences be

tween the average no.probe-holes in squares with 

and without grass grubs. 

Trial No. No. S2/X No.sqrs No. Average no.probe-holes! 
probes probe- ratio contai- grass square 
obser- holes for ning grubs Sqrs. Sqrs. t P ved found probe- grass capt- with with- (34d. holes grubs ured grass out L) 

grubs grass 
grubs 

1 20 19 0.918 5 0 0.800 0.484 1 .031 >0.30 
2 50 46 1 .235 5 0 1.800 1 .193 1.002 >0.30 
3 50 41 0.710 5 0 0.800 1 .193 0.903 >0.30 
4 35 35 0.852 10 0 0.900 1.000 0.316 >0.50 

5 40 39 1.022 10 0 1.400 0.962 1.123 >0.20 
6 50 44 0.800 10 1 1 .000 1.308 0.833 >0.40 

7 50 43 0.374 10 0 0.800 1.346 2.328 <0.05 
8 50 50 1.410 10 2 0.900 1.577 1.313 >0.10 

9 50 48 2.058 10 0 1.700 0.962 1.117 >0.20 
10 50 47 1.393 10 0 1.400 1.269 0.257 >0.50 
11 20 16 0.957 15 0 0.600 0.333 1 .219 >0.20 
12 20 20 1.045 15 1 0.300 0.714 1 .612 >0.10 
13 40 39 1.497 15 0 1.200 1.000 0.459 >0.50 

14 50 43 1.283 15. 0 1.466 1.000 1. 116 >0.20 

15 50 49 1.014 15 0 1 .533 1.238 0.738 >0.40 

16 50 48 1 .285 15 2 1 .133 1.476 0.770 >0.40 

. ~ -:-:-.:.. :.-~: -, - -



The significant difference in trial 7 presumably arose by 

chance. 
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The weight of evidence strongly suggests that while 

starlings can locate- localised areas of high grass grub 

density visually, by their softness or by an initially random 

search with area-restricted searching (Tinbergen,Impekoven 

and Franck, 1967) in the immediate vicinity of the capture 

of a grass grub, the birds probe randomly within the patches 

of high grass grub numbers. Starlings have very keen eyesight 

and woqld undoubtedly be quick to exploit any visual' cue to 

the presence of a grass grub, as exemplified by the ability 

of captive birds to learn to search for sites where grass 

grubs had been seeded in from the upper surface of a square 

of turf. Such cues may sometimes be available, ~., Dr. C.P. 

Hoyt (pers.comm.) has observed movement of an individual pas

ture plant growing in a pot of soil caused by a grass grub 

feeding on its roots, but it appears that starling probing 

for grass grubs is normally randomly directed within local 

concentrations of grass grub. 

FieliObservations of Starling Probing Rates. 

The monthly percentage frequency distributions and aver

ages of probing rates recorded at Winchmore plot 3 are shown 

in table 11-17. The observations are listed in appendix XX. 

There was a general tendency for the frequency distribution 

to shift towards the higher probing rate classes and for 

average probing rate to increase from March to June. The in

crease in average probing rate between March - April and May

June was highly significant (p <0.005). This increase in 

probing rate probably reflects a decline in the amount of 

food available to starlings over this period, so that the 

birds had to work harder in winter to obtain adequate nutri

tion. By June grass grubs were becoming relatively scarce~ 

the availability of soil fauna which were still abundant, 
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notably earthworms, was partly hindered by frequent frosts, 

and populations of surface dwelling and aerial pasture in

vertebrates were probably much lower than in March. 

Table 11-17. Percentage frequency distributions and aver

ages of starling probing rates recorded at 

Winchmore plot 3 (probes/min.). 

lMonth No.of Percentage of observations at Aver-obser-
vations 0-10.0 10.1- 20.1- 30.1- 40.1- 50.1- age 

(probes 20.0 30.0 40.0 50.0 60.0 
7min. ) , 

lMarch 170 17.1 29.4 14.7 18.2 15.3 5.3 23.4 

~pril 145 12.4 30.3 19.3 27.6 9.7 0.7 24.9 

May. 111 8.1 13.5 20.7 32.4 25.2 - 31 .1 

June 58 1 .7 8.6 20.7 37.9 31.0 - 33.9 

Table 11-18. Average probing rates (probes/min.) at Winchmore 

plot 3. 

Month Rain days Dry days 

No.observations Average No.observations Average 

March 96 20.6 74 27.1 

April 23 18.9 122 26.0 

May 37 26.0 74 33.3 

p"une 7 30.7 51 34.2 

Average probing rates were lower on rain days than on dry 

days in all months (table 11-18). Analysis of variance of 

the individual observations, converted to probes per minute, 

revealed that this difference was significant for both March 

and May (p <0.005) but not for April and June (p >0.10); 

analysis of variance tables are presented in appendix XX. 

.... . _---.-
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The tendency for probing rate to be lower on rain days may 

have resulted from a greater availability of food on these 

days, such as earthworms driven from'their tunnels by rain, 

so that the birds had to feed less intensively than on dry 

days to obtain a given amount of food. Alternatively, it 

may have resulted from the softer soil resulting in starlings 

making deeper probes and consequently spending longer, on 

average, over each probe. 

Measurement of probing rate in the field was sometimes 

made difficult by the starling's habit of often reprobing into 

a probe-hole. Even with 16x50 binoculars it was often im

possible to tell if a starling was reprobing into the same 

hole or had shifted slightly to a new site, and judgement often 

had to be sUbjective. Often it was also difficult to tell 

shallow probes from the act of picking up small objects off 1 

the surface. All movements which were suspected to be shallow 

probes were recorded as probes, and this may have biassed the 

measurements of probing rate upwards. Birds which probed at 

0-20 probes per minute during the period of observation usu

ally either stopped to rest while under observation or tended 

to walk relatively long distances of up to 30-50 paces be

tween probes. At probing rates of 20-40 per minute the star

lings usually made only 5-15 paces between probes, while at 

probing rates above 40 per minute the birds were usually feed

ing intensively within a small area with leSB than 5 paces 

between most consecutive probes. The highest probing rate 

recorded at plot 3 was 57.3 per minute, although I have ob

served starlings making more than 60 probes per minute in 

suburban Christchurch lawns. 

No single observations of probing rate were extended bey

ond three minutes, to avoid anyone bird carrying undue weight 

in the results obtained. It was usually necessary to termi

nate an observation before three minutes was up, either be

cause the starling under observation became obscured by other 
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birds, turned its back to the observer or left the plot, or 

just as frequently because the time for a 5 minute bird count 

was approaching. In the latter case it is possible that there 

may have been a tendency to watch birds which were probing 

rapidly for longer than those which were less active, or vice 

versa. No such bias was apparent when the data were analyzed 

separately for observation periods of different lengths 

(table 11-19). 

The average probing rates measured during each of the elev

en time. intervals corresponding to experimental population stu

dies at plot 3, calculated as weighted averages for periods 

which included rain days, and the average grass grub density 

in the top 3.0cm. of the plot for each interval are shown 

in table 11-20. Probing rate showed no tendency to be greater 

at higher grass grub densities. On the contrary, there was 

a significant negative correlation between average probing 

rate and average grass grub density in the top 3.0cm. 

(E = - 0.714 with 9 d.f., P<0.02), which suggests that the 

starlings increased their probing rate to compensate for de

clining grass grub densit.y. However, the birds fed on a wide 

variety of other insects and invertebrates besides grass grubs, 

and the increased probing rates in later time intervals may 

have been due to a general scarcity of food at these times 

rather than being specifically related to the decline in grass 

grub density. 

Calculated Feeding rates of Wild Starlings. 

By combining the information on capture success of starlings 

probing for grass grubs at different grass grub densities ob

tained with captive birds (figs. 11-1 to 11-4) with field mea~ 

surements of grass grub density in the top 3.0cm~ probing rate 

and soil penetrability, it is possible to calculate the feed

ing rate of starlings in terms of grass grubs per minute. For 

example, taking the average probing rate as 32.5 probes per 
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Table 11-19. Average probing rates (probes/min.) for obser

vation periods of different length. 

F 

Length of observation period (mins.) 

Month 
0.18-0.99 1.00-1.99 2.00-3.00 

No.obser- Average No.obser- Average No.obser- Average 
vations vations vations 

March 76 23.6 62 25.9 32 20.7 

~pril. 57 23.1 61 23.6 27 27.6 

May 49 29.3 45 30.9 17 32.5 

June 28 31 .5 22 35.2 8 34.1 

Total 210 25.9 190 27.4 84 26.5 

Table 11-20. Average starling probing rates (probes/min.) and 

grass grub density in top 3.0cm. (grubs/sq.m.)· 

at Winchmore plot 3. 

Time interval Av. probing rate Av.grass grub 
density 

1 16.9 665.83 
2 31.6 471 .49 

3 27.8 346.16 

4 25.0 294.37 

5 22.2 280.45 

6 24.2 262.60 

7 27.4 224.80 

8 31 .4 173.08 

9 31 .3 137.27 

10 34.4 107.42 

11 32.9 61 .90 

. .. ~.' .-.- '-'.- -.' -'-.'._-.---.-- . 
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minute, which is the average of the observations made in May 

and June (table 11-17), produces the lines shown in fig. 11-5. 

The relationship between feeding rate and grass grub density 

is assumed to be linear over the range of grass grub densi

ties encountered. As grass grub density increased the rate 

of increase of feeding rate would be expected to gradually 

decline and eventually become zero when feeding rate reached 

an upper asymptote, corresponding to the density where the 

starlings spent all of their time picking up and eating grass 

grub~ with no further time available for searching. At the 

highest grass grub densities in the top 3.0cm. encountered in 

the field in this study, viz., 700-800 per square metre, the 

calculated feeding rates do not rise above 4 grass grubs/min. 

Captive starlings usually took no more than 1-2 seconds to 

remove, handle and eat a captured grass grub. At a feeding 

rate of 4 grubs/min. the birds would therefore lose only 4-8 

seconds of searching time per minute, and since feeding rates 

were usually well below this level it appears a reasonable 

approximation to regard the relationship between feeding rate 

of starlings probing randomly for grass grubs within patches 

of high grass grub density and grub density in the top 3.0cm. 

as linear, over the range of densities occurring in the field. 

Fig. 11-5 shows that at a given grass grub density feeding 

rate increases as the soil becomes softer, and that at the 

same probing rate a given feeding rate (~., 0.5 grubs/min.) 

can be achieved at lower grass grub densities the lower the 

,average penetrability. 

Average soil penetrabilities measured at plot 3 are listed 

in appendix XXI and summarized in table 11-21. In general, 

average soil penetrability was in the range 100-2001bs./sq.in. 

on rain days and days following rain during March and April, 

when the plot was closed to grazing or grazed for 1-2 hours/ 

day. Average penetrability increased to 200-3001bs./sq.in. 

two to six days after rain, and increased further to 300-400 
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lbs./sq.in. after about 20 days witho,ut rain during the dry 

spell encountered in April, 1970. 

Table 11-21. Average soil penetrabilities measured at 

Winchmore plot 3 on non-frost days and 

afternoons of frost days (lb./sq.in.). No.of 

observations in parentheses; each observation 

comprised 10 penetrometer readings. 

Period Plot manage- Days since Average penetrability 
ment rain --

Mean Range 

March 9- Ungrazed 0-1 (8) 172.9 120.5-214.0 

April 10 2-6 (4) 230.7 220.0-237.5 

8 (1 ) 305.5 -

--

_. --
April 11- Grazed 1-2 11-16 (3) 277.3 272.5-284.0 

Hrs./day 19-23 (2) 366.0 360.0-372.0 29 
25 (1 ) 409.0 -

--
May 3- Runoff 0 (1 ) 185.5 -
31 1 (3 ) 239.0 193.5-269.5 

2-4 (3) 287.5 280.5-292.5 

5 (1 ) 319.0 -
-
June 1- Runoff 0 (1) 183.5 -

26 1-9 (7) 246.7 169.5-291.5 

---.;.... 

Irrigation water is available to irrigated Winchmore farms 

until the end of April, and the property where plot 3 was 

situated would normally have been irrigated during such dry 

weather, but this was not done in 1970. It is probably un~ 

usual for average penetrabilities of these irrigated soils to 

rise above 200-300lbs./sq.in.during April. Once the plot h2~d 

: ..... ~-
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become heavily trampled, in May - June, average penetrability 

was usually between 200 and 300Ibs./sq.in., only decreasing 

to 100-200Ibs./sq.in. on rain days or on days following heavy 

falls. The decline in penetrability will obviously be in

fluenced by the amount of rain which falls, and light winter 

falls may be insufficient to reduce average penetrability of 

heavily trodden soils below 200Ibs./sq.in. Average penetra

bilities measured at plot 1 and in other areas on the same 

property were generally within the same range as those given 

in tabl.e 11-21. 

On days when there was no frost, average penetrability did 

not change significantly during the day, apart from changes 

caused by rain, but on frost days in May and June average 

penetrability was usually between 300 and 400/lbs.sq.in. in 

the first part of the morning (table 11-22). Approximately 

the upper t inch of soil was frozen, but by mid to late morn

·ing (1030-1130) this had usually thawed out and penetrability 

had declined to the level typical of non-frost, dry days at 

this time of the year. Frosts did not appear to' affect the 

vertical distribution of grass grubs or earthworms, which were 

observed immediately beneath the frozen upper layer of soil 

on frosty mornings, but starlings would find it difficult to 

obtain soil invertebrates until the soil had thawed. Frosts 

are usually followed by clear, sunny days in Canterbury, and 

it is unusual for cloud cover to prevent the frozen ground 

from thawing during the morning. 

To calculate the feeding rate of starlings during each 

of the half or whole day observation periods spent at plot 3, 

the measurement of soil penetrability made on that day and the 

average grass grub density in the top 3.0cm. during the time 

interval which included that day were used to calculate cap

ture success from the regression equations in figs. 11-2 to 

11-4. All observation days within a time interval with aver~ 

age penetrability in the same range were pooled. Average 
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Table 11-22. Effects of frost on soil penetrability (lb./sq.in.) 

at Winchmore plot 3. 

Date Degrees of Time Soil penetrability (based on 10 
(1970 ) frost (oF) measurements) 

Average Range 

16/v 10.5 0800 396.0 285-700 

0900 390.0 275-635 

0930 328.0 210-485 

1030 293.0 205-370 

1130 262.5 135-360 

1200 269.0 190-325 

1300 258.5 180-335 

1800 271 .0 170-320 

8/vi 11.7 0830 388.0 290-695 

0930 369.5 295-630 

1030 302.0 195-470 

1130 235.5 195-350 

1230 221 .5 180-300 

1800 234.5 145-330 

penetrability was inferred from the general relationship with 

number of days since rain for days on which it was not mea

sured. Average probing rate was calculated from observations 

of probing rates made on each day or group of days, and used 

to calculate feeding rate from capture success. The results 

of these calculations are given in table 11-23. 

These results were used to examine the correlation of aver

age probing rate with capture success and calculated feeding 

rate (table 11-24). Correlation coefficients were calculated 

for March - April and May - June as well as for the complete 

period, since average monthly probing rates were similar within 

.--.--.. ---... -.-. 
' .. ">:,.,:-'. ~-:.-:.--
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Table 11-23. Average probing rates (probes/min.) and calcu

lated capture success (grass grubs/100 probes) 

and feeding rates (grass grubs/min.) for ob

servation periods at Winchmore plot 3. 

[rime- Days (1970 ) Average Average Capture Feeding 
interval soil probing success rate 

penetra- rate 
bility 
(lb./sq. 

in. ) 

1 13,14,15,16,17/iii 100-200 16.9 4.8 0.81 

2 20,22,23,25/iii 100-200 31.6 3.3 1.04 

3 27,29,31/iii 200-300 29.1 1.5 0.43 

1,2jiv 100-200 26.4 2.4 0.63 

4 4,5/iv 100-200 22.4 2.0 0.45 

6,7/iv 200-300 28.2 1 .3 0.36 

5 10,15,16,18/iv 200-300 22.2 1 .2 0.26 

6 22,23,24,27/iv 300-400 24.2 0.7 0.17 

7 1,3,4/v 200-300 22.8 1.0 0.22 

9/v 100-200 38.1 1.5 0.57 

8 14/v 200-300 34.6 0.7 0.24 

15,16,19/v 300-400 30.2 0.5 0.15 

9 24,25/v 300-400 30.3 0.4 0.12 

27,30/v 200-300 37 .9 0.6 0.23 

10 4,7,10/vi 200-300 35.0 0.4 0.14 

8,14/vi 300-400 32.2 0.3 0.09 

11 17,18,22/vi 100-200 36.0 0.3 0.11 

25/vi 200-300 28.3 0.2 0.06 

Table 11-24. Correlation between average probing rate (PR) 

and capture success (CS), and PR and calculated 

feeding rate (FR), using data from table 11-23. 

Correlation !. Degrees of freedom P 

PR with CS, March-April -0.335 6 > 0.10 

PR with CS, May-June 0.133 8 > 0.10 

PR with CS, total -0.522 16 <0.05 

iPR with FR, March-April 0.162 6 >0.10 

PR with FR, May-June 0.410 8 >0.10 

I"PR with FR, total -0.240 16 >0.10 

.-.--:-:-.<-- .. : 
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these two groups of two months (table 11-17) but differed sig

nificantly between them. While the negative correlation 

between probing rate and capture success for the total period 

was significant at the 5% level, neither of the correlations 

between probing rate and capture success for March-April and 

May-June were significant. This lack of correlation within 

these two-month periods suggests that average probing rate 

was not related to the availability of grass grubs, and the 

negative correlatio~ between average probing rate and grass 

grub d~nsity over the whole four month period (table 11-20) 

may have been more spurious than causal. Probing rate was 

also independent of the calculated rate at which starlings 

consumed grass grubs (table 11-24). It appears that average 

probing rate measured at plot 3 was independent of grass grub 

density but tended to increase from autumn to winter, probably 

because the starlings had to feed more intensively in winter 

to obtain adequate nutrition, and this increase in probing 

rate coincided with a decline in grass grub populations. The 

negative correlation between probing rate and grass grub den

sity over the March-June period would not be entirely spurious, 

since the decline in grass grub numbers would contribute to the 

winter shortage of food faced by the birds, but it is postu

lated that the average probing rate would not have increased 

from autumn to winter if the abundance of other foods such as 

weevils had not also declined over this period. 

Calculated feeding rates such as those in fig. 11-5 may 

only be rough approximations of the actual feeding rates, 

since the actual capture success would be expected to vary con

siderably around the regression lines in figs. 11-1 to 11-4, 

because of local variations in soil penetrability and grass 

grub density, in addition to the suspicion that seed~d grass 

grubs used in trials with captive birds may have been slightly 

more ~usceptible to starling predation than naturally occur

ring grubs. The information obtained with experimental field 
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populations of grass grubs at plot 3 during time intervals 

1 and 4, when all-day bird observations were made at plot 3, 

on 5 of the 7 days in interval 1 and all of the 4 days in 

interval 4, provide an independent check of the calculated 

feeding rates. For interval 1, the calculations are as 

follows: 

13-17/iii Total no. starling-hrs. = 15,267.40 

Average grass grub density in top 3.0cm. =665.83/ 
sq.m. 
Average soil penetrability between 100 and 200Ibs./ 
sq.in. CS = 0.00743 x 665.83 - 0.1561 = 4.79 grass 
grubs/100 probes. 
Average probing rate = 16.9 probes/min. 
Calculated feeding rate = 0.809 grubs/min. 

Total no. of grass grubs removed per sq.m. (area of plot 3 was 

2592sq.m.) 15,267.40 x 0.809 x 60 

2592 

= 285.91 

This compares with the estimate obtained from the experimental 

field popUlation of 219.72 grass grubs per square metre de

stroyed by starlings during this interval. The estimate ob

tained from calculated feeding rate does not allow for the 

starlings which visited the plot on the first two days of the 

interval, March 11th and 12th, and should therefore be greater 

than 285.91. However, plot 3 was dry and hard (average pene

trability 305.5Ibs./sq.in. on March 9th) during the first 

part of this interval, and it was not until 1.61 inches of 

rain fell on March 13th and 14th that the soil was softened 

to the stage where starlings co~ld readily probe for grass 

grubs. Hence it is unlikely that the absence of bird counts 

for March 11th and 12th made a great difference to the esti

mated predation mortality. 

In time interval 4, average penetrability was 100-200 

lbs./sq.in. on April 4th and 5th and 200-300lbs./sq.in. on 

April 6th and 7th, and the calculations are as follows: 
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Total no. starling-hrs. = 997.41. 
Average grass grub density in top 3.0cm. = 294.37/ 
sq.m. 
CS = 0.00743 x 294.37 - 0.1561 = 2.03 grubs/100 
probes. 
Average probing rate = 22.4 probes/min. 
Calculated feeding rate = 0.454 grubs/min. 

Total no. starling-hrs. = 718.16 
Average grass grub density in top 3.0cm. = 294.37/ 
sq.m. 
CS = 0.00467 x 294.37 - 0.0679 = 1.30 grubs/100 
probes. 
Average probing rate = 28.2 probes/min. 
Calculated feeding rate = 0.366 grubs/min. 

Total no. grubs removed/sq.m. = 

997.41 x 0.454 x 60 + 718.16 x 0.366 x 60 

2592 

= 16.56. 

The number of grubs destroyed by starlings was estimated as 

20.60 per square metre for interval 4 from the experimental 

field population. The similarity of these independent esti

mates shows that the calculated feeding rates were at least 

of the same order as the actual rates at which starlings 

consumed grass grubs. 

THE RESPONSE OF STARLINGS TO GRASS GRUB POPULATION DENSITY 

AT WINCHMORE 

The results of field trials in which grass grub density 

was measured in the top 3.0cm. of one acre areas at Winchmore 

and the number of starlings which visited each area and the 

length of their visits recorded during a subsequent half-day 

observation period, are presented in table 11-25. The com

plete results are given in appendix XXII. Capture success 

was calculated from the measurements of soil penetrability 

and grass grub density, using the regression equations in 

figs. 11-2 to 11-4. Probing rates were not measured in these 

trials, as the stopwatch was used to time the length of each 

visit by a flock of starlings. Since all but one of the 
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trials were carried out during May and June, the average 

probing rate measured at plot 3 over these two months, 32.5 

probes/min., was used to calculate feeding rate, i.e., the 

equations in fig. 11~5 were used. For trial 1 the average 

probing rate for March and April, 24.1 probes/min., was used 

to calculate feeding rate. 

Similar information is available from the observations 

made at plot 3 and is presented in table 11-26. The average 

soil penetrability, capture success arid calculated feeding 

rate fox each of these periods are given in table 11-23 and the 

average grass grub densities in the top 3.0crn. in table 11-

20. The length of visits by flocks of starlings to plot 3 

were not recorded during observations made at this plot, as 

the time was fully occupied by counts of starling numbers 

and measurements of probing rate. Estimates of the length 

of visits to this plot were obtained from the counts of 

numbers of starlings on the plot made every 5 minutes during 

each observation period, by assuming that each count greater 

than zero represented a visit five minutes in duration. Thus 

if six consecutive counts were greater than zero, and were 

preceded and followed by zero counts, the six counts were 

assumed to represent a single visit of 30 minutes. This pro

cedure will tend to overestimate the average length of a visit, 

as no allowance is made for flocks leaving the plot and others 

arriving between two consecutive counts greater than zero, which 

occurred at times, particularly during March when very large 

numbers of starlings were present and there were frequent move

ments of flocks between plot 3 and adjacent paddocks. Never

theless, it should still reveal any marked changes in the aver

age length of a visit with changes in grass grub density or 

time. 

The information contained in tables 11-23, 11-25 and 11-26 

1S presented graphically in figs. 11-6 to 11-10. The number 

of starling-hours/acre/day showed an upward trend at grass grub 
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Table 11-25. Results of observational studies in 1 acre 

areas at Winchmore. 

Trial Dates(1970) AverageJGrass Starling Average captur~1 Calcu-
penetra-grubs -hrs. length success lated 
bili ty /sq. /acre/ of a (grubs~ feed-

m.in day visit 100 ing 
top 3 (mins.) probes) rate 
cm. (grubs 

Imino ) 

1 22,23/iv 237.0 198.94 832.32 14.10 0.86 0.207 
2 1,4/v 326.5 143.24 280.83 3.65 0.39 0.128 

3 9,10/v 139.5 310.35 1567.56 10.82 2.15 0.699 
4 23,28/v 182.0 214.86 579.00 22.30 1.44 0.468 

5 23,28/v 180.5 0.00 0.00 - 0.00 -
6 6,9/vi 135.0 206.90 1273.74 14.49 1.47 0.477 

7 6,8/vi 158.0 111.41 111. 39 6.00 0.81 0.264 

8 20,21/vi 146.0 71.62 11 .61 17.30 0.37 0.122 

9 10,11 /vi i 271.0 31.83 151 .20 5.51 0.08 0.026 

Table 11-26. Average starling numbers and length of visits of 

flocks recorded at Winchmore plot 3. 

Time Dates (1970 ) Average no. Average length of interval starling-hrs./ a visit (mins.) 
acre/day 

1 13,14,15,16,17/ 
iii 4771 .06 32.7 

2 20,22,23,25/iii 2727.00 21.3 

3 27,29,31/iii 971.34 18.3 

1,2/iv 2527.73 24.5 
4 4,5/iv 779.22 17.6 

6,7/iv 561 .06 14.3 

5 10,15,16,18/iv 241.46 12.0 

6 22,23,24,27/iv 35.40 9.4 

7 1,3,4/v 130.89 14.3 

9/v 2034.62 21.6 
8 14/v 325.50 17.5 

15,16,19/v 115.61 9.1 

9 24,25/v 1149.34 13.7 

27,30/v 1161.05 17 .1 
10 4,7,10/vi 65.78 9.4 

8,14/vi 32.66 11 .2 

11 17 , 18, 22/vi 216.21 12.5 

25/vi 323.44 12.5 
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densities of 125/250 per square metre in the top 3.0cm. (fig. 

11-6). At densities below 125 all of tbe starling counts 

were well below 500 bird-.hours/acre/day, whereas most counts 

were well above this level at grass grub densities greater 

than 250 per square metre. Thus grass grub densities of 

125-250 or more per square metre appeared to attract star

lings. The very high starling density of over 4700 bird

hours/acre/day was recorded in mid-March at plot 3, which con

tained a very high grass grub population at this time. Most 

of the 'grass grub densities in the top 3.0cm. of less than 

125 per square metre were recorded during June and early July, 

and were apparently too low to attract starlings in large 

numbers. The starlings were still present in the area at this 

time, and the large winter roost on the adjacent property did 

not break up until mid to late July. The zero grass grub 

density and starling count (trial 5 in table 11-25) was re

corded in one of the two paddocks in the 70 acre farmlet 

where plots 1 and 3 were situated (the high predation area) 

which showed no signs of grass grub damage in 1969 or 1970 and 

were virtually free of grass grubs. These two paddocks were 

situated at one end of the farmlet, and were seldom visited 

by large flocks of starlings in autumn and winter. 

The plot of starling-hours/acre/day against capture success 

showed an upward turn at a capture success of about 1.0grass 

grubs/100 probes (fig.11-7), which corresponds to a grass grub 

density of approximately 150 per square metre in the top 3.0cm. 1 

at average soil penetrabilities of 100-200Ibs./sq.in. (fig.11-

2). Fig. 11-8 suggests that the starlings showed a marked be

havioural numerical response (Buckner, 1966) to grass grubs 

when feeding rate reached 0.3-0.4 grass grubs per minute with

in an area of 0.6-1.0 acre of pasture. This range of feeding 

rates corresponds to grass grub densities in the top 3.0cm. 

of approximately 150-200 per square metre at average soil pene~ 

trabilities of 100-200Ibs./sq.in. and average May-June probing 
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FIG. 11- 6. RELATIONSHIP BETWEEN STARUNG NUMBERS AND GRASS GRUB DENSITY 

IN TOP 3-0 CM. OF SOIL IN HIGH PREDATION AREA AT WI NCHMORE. 
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FIG.11-7. RELATIONSHIP BETWEEN STARLING NUMBERS AND CALCULATED 
CAPTURE SUCCESS IN HIGH PREDATION AREA AT WINCHMORE. 
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FIG. 11-8. RELATIONSHIP BETWEEN STARLING NUMBERS AND CALCULATED 

FEEDING RATE IN HIGH PREDATION AREA AT WINCHMORE. 
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FIG. 11-9. RELATIONSHIP BETWEEN AVERAGE LENGTH OF A VISIT BY A FLOCK OF 
STARLINGS AND CALCULATED CAPTURE SUCCESS IN HIGH PREDATION 
AREA AT WINCHMORE. 
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rate (fig.11-5). Similarly, fig. 11-9 suggests that below 

a capture success of 1.0 grass grub per 100 probes the aver

age length of a visit to a 0.6-1.0 acre area by a flock of 

starlings was independent of capture success, but at capture 

successes greater than a critical value of about 1.0 grub per 

100 probes the average length of a visit tended to increase 

with capture success. Fig. 11-10 shows a similar relationship 

between the average length of a visit and feeding rate, with 

the critical feeding rate lying at about 0.3-0.4 grass grubs 

per minpte. 

The starlings feeding in this high predation area at 

Winchmore apparently sampled localised areas of grass grub

damaged pasture to evaluate the worth of grass grub as a food 

source, in a similar manner to the titmice observed by Gibb 

(1962a) and Royama (1970). In Royama's terminology the star

lings appeared to assess the profitability of grass grub, and 

if profitability (feeding rate) within a localised area exce

eded about 0.3-0.4 grass grubs per minute, the starlings tend

ed to remain longer and continue searching for grass grubs, i. 
~., they searched in an area-restricted manner (Tinbergen et 

al., 1967; Croze, 1970). The average length of a visit by a 

flock of starlings to a one acre area when calculated feeding 

rate was less than 0.3 grass grubs per minute was between five 

and ten minutes. At feeding rates of 0.3-0.4 grubs per minute 

the starlings would find, on average, one to four grass grubs 

in five to ten minutes. Since grass grubs were a highly pre

ferred food of captive starlings, it is conceivable that the 

capture of only one or two in a five to ten minute period 

would be enough to induce the birds to stay on and continue 

to search for them, i.e., to form a searching image for grass 

grubs. 

With a concealed prey such as grass grubs the area-restrict

ed component of the searching image (Croze, 1970) is probably 

much more important than the visual one emphasized in 
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Tinbergen's (1960) original searching image concept. The 

problem faced by starlings searching for grass grubs is not 

whether they can detect camouflaged prey against a similar 

background (since grass grubs are yellowish white they stand 

out against a background of soil once they have been exposed), 

but whether it is profitable to probe randomly within local

ised concentrations of grass grubs. This will depend upon both 

grass grub density in the top 3.0cm. and soil penetrability, 

~., in fig. 11-5 the grass grub density required to give a 

feeding rate of 0.3 grubs per minute varies from about 120 

per square metre at average penetrabilities of 50-100Ibs./sq.in. 

to 275 per square metre at penetrabilities of 300-400Ibs./sq.in. 

The starlings were observed to spend more time within localised 

grass grub concentrations than in adjacent grass grub-free 

pasture and they apparently formed a "returning image" (Craze, 

1970) for these areas, i.e., they remembered them as productive 

areas and revisited them. Whether the starlings expected to 

find grass grubs each time they visited the area or whether 

they simply remembered the areas and not the prey can only be 

speculated. 

Starling numbers were considerably greater, on average, on 

rain days than on dry days, while on frosty mornings there were 

usually very few birds present in the high predation area un

tii mid to late morning, by which time the soil had thawed. 

This suggests that the birds may have been aware that it was 

not worthwhile to sample the grass grub areas after frosts 

but highly worthwhile on wet days. Alternatively, the star

lings may simply have been aware through experience that all 

areas of pasture are unproductive after frosts, while the 

greater numbers present on rain days may have resulted from 

the effects of overcast weather on starling dispersal. Hamilton 

and Gilbert (1969) found that on overcast mornings starlings 

dispersing from a winter roost did not travel as far from the 

roost, flew with less accurate orientation, and occurred in 
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larger flocks than on clear mornings. Such an effect may 

explain the large numbers of starlings observed 1n the 

Winchmore high predation area on rain days, and it 1S pos

sible that the birds .did not retain a returning image for 

localised areas of grass grub-damaged pasture from day to 

day but learnt afresh on each rain day that these areas were 

highly productive. However large numbers of starlings were 

also recorded at plots 1 and 3 on clear, sunny days during 

March and Avril when average soil penetrability was 100-200 

I bs. / sq,. in., while large flocks often vis i ted the plots on 

clear days when the soil was harder, and it seems more likely 

that the birds remembered the grass grub-infested areas over 

a long period of at least several weeks and regularly visited 

them to assess their profitability. Hamilton and Gilbert 

(1969) observed that flocks of starlings dispersing from a 

winter roost made short in-transit stops to assess the profit

ability of different feeding areas and they produced evidence 

(their fig. 2) that the birds tended to revisit the same lo

calised areas of farmland from day to day, while J. Coleman 

(pers.comm.) found that flocks of starlings in his West Melton 

study area sometimes visited the same paddock day after day 

for several days or weeks. It appears that starlings are de

finitely able to remember localised, productive feeding areas 

for a considerable period, and like the carrion crows studied 

by Croze (1970) they may regularly revisit familiar feeding 

areas and may even be aware which foods each area is likely 

to yield. As Hamilton and Gilbert (1969) pointed out, the 

flocking action of starlings probably enhances the effective

ness of the evaluation of a feeding area by basing it upon the 

collective experience of the flock, which enables the profit

ability of an area to be assessed more accurately and quickly 

than if the birds fed as scattered individuals. 

The average length of a visit by a flock of starlings to 

a 0.6-1.0 acre area at Winchmore seldom exceeded 20 minutes 

(fig.11-10). The longest average visit recorded was 32~7 mino 



310. 

which is probably an overestimate since it was calculated from 

the five minute starling counts made at plot 3. The flocks 

often left the one acre areas over the surface, by their 

normal feeding movements, and continued to feed in other 

parts of the paddock, but at plot 3, which was situated in a 

corner of a rank paddock in March and early April, 1970, the 

starlings usually arrived and left by flying to or from 

adjacent paddocks or further afield. Since the grass grub 

density in the top 3.0cm. of this plot was very high (286.3-

778.6 p~r square metre) in March and early April and there 

were several visits by large flocks during each day, it is 

unlikely that the birds terminated a visit because they had 

temporarily reduced the grass grub density below the level 

where the interval between successive captures exceeded the 

giving up time (Croze, 1970). It is equally unlikely that 

the birds were temporarily satiated, since they often moved 

into adjacent paddocks and fed there, while at the high feed

ing rate of one grub per minute 

20 grubs in 20 minutes, whereas 

over 50 third-ins tar grubs in a 

minutes in plot 3 the starlings 

each starling would 

captive birds often 

shorter time. After 

may have temporarily 

capture 

consumed 

15-20 

lost 

interest in grass grubs and moved elsewhere to search for 

some other food, i.e., they may have preferred a mixed diet, 

as Tinbergen (1960) postulated for titmice. 

It has been implied in the above discussion that starlings 

feeding within localised areas of high grass grub density 

search mainly or entirely for grass grubs. Royama (1970) 

suggested that when insectivorous birds feed within a parti

cular niche or area they capture all types of palatable prey 

available in that area, without concentrating on a particular 

type of prey as Tinbergen (1960) postulated, but evidence 

presented by Croze (1970) and others showed that there is 

little doubt that avian predators searching for camouflaged 

prey learn to recognise the specific visual charactersitics 
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of the prey and temporarily concentrate their search on this 

single type of prey, as discussed in appendix IV. Starlings 

have very acute vision, as witnessed by their ability to 

capture large numbers of stem weevils, which are approxi

mately 0.4cm. long, dark grey in colour, and typically be-

come inert when disttlrbed, making it very difficult for a 

human observer to distinguish them from soil particles. 

Starlings may well form a visual searching image for stem wee

vils, in the sense of Tinbergen (1960), when these are abun

dant, but when they are searching for concealed subterranean 

prey such as grass grubs the starlings are faced by the diffi

culty of exposing the prey, rather than trying to detect them 

against a similar background. If Royama's idea of niche

hunting holds in the case of starlings probing for subterranean 

prey, the birds should remove all types of readily visible, 

palatable prey which they expose. 

Grass grubs were the only abundant soil insects during 

autumn and winter in the Winchmore high predation area, where 

porina caterpillars (Wiseana sp.), elaterid, tipulid, asilid 

and tabanid larvae and carabid larvae and adults were also 

present in small numbers. All of these insects were eagerly 

consumed by captive starlings and would undoubtedly be eaten 

when exposed by probing. The only soil macro-organisms which 

occurred in similar numbers to grass grubs were earthworms. 

Lee (1959a,pA29) reported winter populations of t million 

worms per acre in non-irrigated and 1t million worms per acre 

in irrigated Winchmore pasture soils, with most of the worms 

occurring in the top 4in. The consumption of earthworms by 

starlings was measured on two occasions at Winchmore plot 3 

by watching birds feeding within two chains of the vehicle 

through 16x50 binoculars. Capture of earthworms was easily 

observed under these conditions, the birds often leaning back 

to pull large earthworms out of the soil. Individual birds 

were watched for periods of 2-6min., timed with a stopwatch, and 
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the numbers of probes made and earthworms consumed in this 

time recorded. Following the observations, grass grub and 

earthworm density in the top inch were measured in the area 

within plot 3 where the starlings were observed feeding by 

taking ten spade squares to a depth of 1in., and soil pene

trability was also measured. The number of grass grubs cap

tured per minute was calculated from the measurements of grub 

density, soil penetrability and probing rate. The results 

are given in table 11-27 (a). 

The. earthworms found in the top inch were the lumbricids 

Allolobophora caliginosa (Savigny) and Lumbricus rubellus 

Hoffmeister, predominantly the former species. The large, 

sluggish earthworm Octolasium ~aneum (Savigny) was also pre

sent in the Winchmore plots, in much smaller numbers than the 

other two species, and was always found at depths of 3-6in. 

(Earthworm species were determined from Lee, 1959b.) The earth

worm density in the top inch corresponds to approximately 

t million per acre, and since the impression was gained while 

extracting grass grubs from spade squares that the proportion 

of the total earthworm population in the top one inch of these 

Winchmore soils was usually well below 50%, the total popu

lation was apparently considerably greater than that recorded 

by Lee (1959a). Earthworm density in the top inch of plot 3 

was similar on the two observation days, which were almost 

3 months apart, although different areas within the plot 

were sampled on the two days. The earthworm population density 

was apparently stable over this period, unless the proportion 

of the total population in the top inch differed markedly 

between the two days or the two areas, although the very small 

sample size means that the evidence is not conclusive. Little 

is known about the breeding biology of earthworms in New Zealand, 

but Evans and Guild (1948a) showed that the rate of cocoon pro

duction by lumbricid earthworms is greatly affected by soil 

temperature, soil moisture and food supply, and it is likely 
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Table 11-27.(a). Consumption of grass grubs and earthworms 

by starlings at Winchmore plot 3. 

lDate 

23/iii/70 

18/vi/79 

Date 

23/iii/7C 

18/vi/70 

Average No .j sq. m • in top Average Capture of Calculated 
soil 1 in. probing earthworms feeding 
penetra- earth- rate per per ~ate 
bilit grass (probes/ 100 hour (grass y grubs worms min. ) probes grubs/ 

hour). 

165.0 524.22 183.40 25.2 1 .0 15.12 56.52 

160.0 124.55 175.29 34.1 2.2 45.01 15.74 

1£1. Daily energy requirements of an 80gm. starling 

and yield from grass grubs and earthworms 

(metabolizable energy). 

Daylength Daily energy requirement1s Yield (Kcal. /hr. ) 
(hours) Kcal./day Kcal./hour from from JTotal 

grass earth-
grubs worms 

12 53.5 4.46 5.88 3.85 9.73 

8 61.2 7.65 1.64 11 .48 13.12 

that the main breeding periods of earthworms ln Canterbury 

pastureland are autumn and spring, when soil moisture is fairly 

high and soil temperatures are not too low. Hence it is poss

ible that earthworm nproduction may have compensated for mor

tality during autumn and early winter (March-June), thus ex

plaining the apparent constancy of earthworm numbers. 

In contrast, grass grub density in the top one inch declined 

markedly between March and June as a result of the high starl

ing predation and sheep-treading mortalities which occurred in 

this plot. Both observation days were made during (June 18th) 
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or shortly after (March 23rd) a period of rain days, and aver

age soil penetrability was similar on the two days. The num

ber of earthworms captured per 100 probes might therefore 

have been expected to be similar on the two days, but it was 

considerably greater in June than in March, in contrast to 

the calculated rate at which grass grubs were captured, which 

declined with grass grub density. Captive starlings were 

frequently observed to reject earthworms, as described on 

p.278, and it appears that this may also have occurred in the 

field in March, when large numbers of grass grubs, a highly 

favoured food, were available. The starlings could presum

ably not afford to reject earthworms during the colder weather 

of June, when grass grub density had decreased greatly. star

lings can probably locate earthworms visually as well as by 

random probing, since turdids locate earthworms by observing 

the end of the worm at the top of its burrow (Heppner, 1965). 

It is possible that the lower rate of capturing earthworms in 

March may have resulted from the birds being able to afford 

to ignore signs of earthworms, as well as from rejection of 

worms found by random probing. 

These results can also be considered from the viewpoint of 

energetics, as shown in table 11-27 (b). The existence energy 

required by an 80 gm. starling (the average weight of wild 

birds weighed by J. Coleman, pers.comm.) was calculated from 

the equations given by Kendeigh (1970): 

Log M 0.6210 Log W + 0.1965 at 300 C 

and Log M 0.5300 Log W + 0.6372 at OOC 

where M is Kcal./day and W body weight in gms. This gave 

values of 23.90 Kcal./day (30oC) and 44.24 Kcal./day (OoC). 

By assuming that the increase in existence energy with decreas

ing ambient temperature is linear, which is not an unreason

able assumption (Kendeigh, 1969)"the existence energy at 

any intermediate temperature can be determined (fig.11-11). 

Thompson and Grant (1968) reported a daily maintenance re

quirement of 20-25 Kcal. for a 70-80 gm. starling kept in a 
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small cage at 70-80oF. The existence energy of an 80 gm. 

bird at 75 0 F (23.8oC) read from fig. 11-11 is 28.0 Kcal./day, 

which suggests that the figure gives a reasonably good app

roximation to starling existence energy. The daily energy 

requirements given in table 11-27 (b) were calculated by 

using fig. 11-11 to determine the existence energies at temp

eratures of 12.6oC and 5 0 C, the average daily temperatures 

measured at the Winchmore Irrigation Research Station on 

March 23rd and June 18th respectively, and assuming that the 

energy ~equirement of a wild starling is 1.5 times the exis

tence energy. 

The calorific contents of prey determined by oxygen bomb 

calorimetry were 5.328 Kcal./gm. dry weight for third-ins tar 

grass grubs and 3.637 Kcal./gm. dry weight for earthworms. 

These values are slightly lower than those reported in the 

literature, ~., 5.82 Kcal./gm. for mixed insects (Gibb, 1957), 

5.4-6.1 Kcal./ gmt for 17 species from six phyla (Slobodkin 

and Richman, 1961) and 4.4-4.7 Kcal./gm. for earthworms, in

cluding ~. rubellus (French, Liscinsky and Miller, 1957). The 

average dry weight of 500 third-instar grass grubs was 0.028gm., 

with average moisture content 80.9%, and the corresponding 

figures for earthworms were 0.100gm. and 72.3%. Efficiencies 

of utilization of insect foods reported in the literature are 

80~95% for small mammals (Buckner, 1964; Drodz, 1967) and 65-

86% for birds (Gibb, 1957), although Gibb (1956) recorded a 

much lower value of 40% for rock pipits consuming periwinkles. 

For present purposes the efficiency of utilization of grass 

grubs and earthworms by starlings is assumed to be 70%, which 

means that the average metabolizable energy available to a 

starling is 

0.70 x 0.028 x 5.328 = 0.104 Kcal.per grass grub and 0.70 x 0.100 

x 3.637 = 0.255 Kcal. per earthworm. These values were used 

to calculate the yields given in table 11-27 (b). 

I'·' . 
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The shorter daylength and lower ambient temperature in 

June resulted in an approximately 75% increase in the star

ling's hourly energy requirements from the value for March. 

Comparison of the yield from grass grubs alone with the 

energy requirements (Kcal./hour) for each day suggests that 

the birds could afford to ignore or reject earthworms in 

March but not in June. The figures in table 11-27 (b) may 

only be a rough approximation to reality, but expressing energy 

requirements (Kcal./hour) as a fraction of the total yields 

suggests that the birds had to feed for approximately 46% of 

the day in June to obtain their daily food requirements. 

These values would be reduced in practice by the consumption 

of other prey besides grass grubs and earthworms, and they are 

considerably less than the figures of 75% to almost 100% 

obtained by Gibb (1954, 1960) for tits and other small passe

rines in English winters. Gibb (1954) found that the smaller 

the species the greater the proportion of the day spent feed

ing. Since starlings are considerably larger than titmice and 

may therefore be more efficient heat conservers, they would 

be expected to feed for a shorter time each day, but neither 

of the observation days in table 11-27 were frost days, when 

the ground is frozen until mid-morning and starlings probably 

have their greatest difficulty in obtaining food. The daily 

energy requirements of starlings given in the table suggest 

that if grass grubs comprised 75% of the diet each starling 

would be capable of consuming 386 grass grubs per day in 

March and 442 per day in June. These figures are probably 

close to a maximum potential daily consumption of grass grubs, 

since the starlings eat a considerable range of foods even in 

mid-winter (Lobb and Wood,1971) and grass grubs would be un

likely to comprise more than 75% of the diet. 

Thus the evidence suggests that starlings probing within 

localised areas of high grass grub density can afford to 

concentrate largely on grass grubs during autumn (March), when 
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grass grub population density in the top 3.0cm. is at its 

peak, but by June, when the birds' energy requirements are 

considerably higher and grass grub density is lower, the 

birds are unlikely to' be able to afford to reject any po

tential prey which they expose by probing, or to ignore earth

worms lying at the tops of their tunnels. The evidence in 

figs. 11-8 and 11-10 suggests that starlings show a behavioural 

response to grass grubs when feeding rate exceeds 0.3-0.4 grubs 

per minute. From the above calorific values and calculations 

this would be equivalent to approximately 1.8-2.5 Kcal./hour 

of metabolized energy from grass grubs alone, which is a 

significant proportion of the calculated daily energy re

quirements of 7.65 Kcal./hour on a June day. Although counts 

of earthworms were seldom made in this study, they appeared 

to be equally abundant in sampling units taken from grass 

grub-damaged and grass grub-free areas within the Winchmore 

high predation area. If this was the case, . earthworms, which 

were the only abundant soil invertebrates besides grass grubs 

during late autumn and winter, would be approximately equally 

available to starlings in areas of high and low grass grub 

density. If it is assumed that all other prey species occur 

in equal numbers in areas with and without grass grubs and that 

all prey exposed by probing are consumed, then by concentrating 

their feeding activity within areas where grass grubs could 

be obtained at rates of 0.3-0.4 or more per minute, the star

lings would be effectively incrementing their energy intake 

by 25-35% or more of their minimum hourly requirement during 

June. This suggests that it is well worthwhile from an ener

getics viewpoint for the starlings to continue to search for 

grass grubs within a localised area when feeding rate reaches 

or exceeds 0.3-0.4 grubs per minute. 

Evidence on the response of starlings to grass grub densi

ty in the high predation area at Winchmore was also obtained 

by measuring the change in grass grub population density in 
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areas A, Band C, three 2 chain by t chain areas with low 

grass grub densities in the same paddock as plot 1. The 

results are shown in table 11-28, together with the results 

from the open and caged 0.3 acre plots for the same period. 

Although starlings and sheep had as much access to areas 

A, Band C as to the open plot, the mortality of third-instar 

grass grubs in these areas was of the same order as that in 

the caged plot, where sheep and birds were excluded, and much 

less than that in the open plot, which had a much higher 

initial" population. Area C showed no sign of grass grub 

damage in March 1970, but areas A and B were on the borderline 

Table 11-28. Grass grub population declines in areas A, Band 

C and open and caged 0.3 acre plots at Winchmore. 

Plot Grass grubs/sq. m. % age mortality 

19-21/iii/70 15-18/vii/70 

--
Area A 199.77 181 .69 9.0 

Area B 173.94 123.14 29.2 

Area C 87.83 72.33 17.6 

Open plot 499.74 165.03 66.9 

Caged plot 342.37 268.75 21.5 

between damaged and undamaged, i.e., visual signs of pasture 

damage were almost or just apparent. Before they were sampled, 

areas A and C had been classed as undamaged and area B as 

slightly damaged (the effects of grass grubs on irrigated 

Winchmore pastures are discussed in chapter 14). Thus total 

grass grub densities of less than 200 third-instar larvae 

were too low to attract starlings in sufficient numbers to 

suffer high predation mortality or to weaken the turf mat to 
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the point where sheep treading caused significant mortality. 

The proportions of the grass grub populations in the top 1 

inch in these areas in March were 38.2%, 43.9% and 25.4% in 

areas A, Band C, respectively, giving population densities 

of 20-80 per square metre in the top inch, well below the 

150-200 level where starlings appeared to be attracted to 

grass grubs. 

Analysis of the results of exclusion studies by the method 

of Varley and Gradwell suggested that mortality of third-

ins tar grass grubs from March to July in the high predation 

area at Winchmore was density independent at total population 

densities below about 250 per square metre, but strongly 

density dependent at grass grub densities above this range, 

apparently because starlings showed a superproportional 

behavioural response (Hassell, 1966) to total grass grub den

sities above 250 per square metre, as discussed on p. 394 

(see fig.15-3). At a total density of 250 third-ins tar larvae 

per square metre, 40-50% of the autumn population would occur 

in the top 1in. (fig.9-4, p.162), i.e., the density in the top 

1in. would be approximately 100-125 per square metre. 

It was thus concluded from both observational studies of 

starling feeding behaviour and measurements of grass grub mor

tality that in the high predation area at Winchmore starlings 

showed little interest in grass grubs occurring at densities 

of less than about 100-200 third-ins tar larvae per square metre 

in the top 1in., which correspond to total population densities 

, of approximately 220-380 per square metre. At grass grub 

densities above this threshold range, the starlings showed a 

marked behavioural response to grass grub density, using this 

term in the senses defined by both Buckner (1966) and Hassell 

(1-966). 
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CHAPTER 12 

BIRD PREDATION ON ADULTS 

Adult grass grubs are available to starlings and surface

feeding birds on spring days (late October to December) when 

the beetles are sheltering amongst the bases of pasture plants 

or in the soil. While adult grass grubs are a major item in 

the diet of adult and nestling starlings in Canterbury in 

November and December (J. Coleman, pers.comm.; Lobb and Wood, 

1971), Coleman found that almost all of the adult grass grubs 

recovered from starling nestlings by using nestling collars 

were either males or females which contained very few or no 

eggs. This suggests that adult female grass grubs are unavail

able to starlings until after they have laid most or all of 

their eggs, possibly because they spend the days deep in the 

soil, which would negate the importance of starling predation 

on adults as a factor in grass grub population dynamics. 

In this chapter the results of observational studies of 

bird predation on adult grass grubs made in this study will 

be presented, commencing with the behaviour of adult grass 

grubs, followed by observations of bird predators. 

BEHAVIOUR OF ADULT GRASS GRUBS 

The main object of studying the behaviour of adult grass 

grubs was to determine its influence on their susceptibility 

to bird predation. Three main sources of information were 

utilized: soil samples taken during the day, glass impaction 

traps which intercepted flying beetles, and ground collections 

made during and after flight, as described on p. 142. Adult 

female grass grubs are usually mated and lay most of their 

eggs close to the point where they first emerge from the soil 

(Kelsey, 1951, 1968b), and they do not normally fly until after 

they have laid the first cluster of eggs (W.M. Kain, pers.comm.), 
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have laid any eggs if predation is to have any effect on the 

size of the grass grub population in the subsequent gener

ation. If females tend to disperse by flight after they have 

laid the first egg cluster, predation of these females be

fore they have laid second or later clusters will have no 

effect on the grass grub egg population of the area where the 

females spent their larval periods, although such predation 

could play an important role 'in preventing the establishment 

of new infestations in other areas. The object of dissecting 

females obtained from soil samples, flight traps and ground 

collections was therefore to determine whether or not they 

had laid the first egg cluster. 

W.M. Kain (pers.comm.) has found that the development of 

eggs in the ovaries of adult female grass grubs follows a 

cyclical pattern, the ovaries collapsing after each egg 

cluster is laid and then gradually building up as the eggs of 

the next cluster are formed. He found that most females did 

not feed prior to the first oviposition but that feeding was 

essential for the formation of subsequent egg clusters, and 

that the amount of fat body present in the abdomen declined 

from completely filling the interstitial spaces in the ab

domen of freshly eclosed virgin females to nil in old females. 

Females dissected in this study were divided into two classes, 

class I (females judged not to have laid the first egg cluster) 

and class II (females judged to have laid one or more clusters), 

which were distinguished as follows: 

Class I - amount of fat body medium to great, usually no 

food in crop, ovaries packed with large numbers 

(up to 40-50) of developing or fully formed eggs. 

Class 11- amount of fat body nil to medium, food in crop, 

ovaries usually containing no eggs to medium 

numbers (10-15) of eggs. 
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Greatest weight was attached to the amount of fat body 

present, and least to the condition of the ovaries, which 

tended to vary widely. It is felt that the use of these 

three criteria allowed females to be placed into pre- and 

post-first oviposition classes with reasonable accuracy. 

Fenemore (1971) also found that the amount of fat body 

present in the abdomen of grass grub adults declines with 

age, and he gave diagrams of the male and female reproductive 

systems of Q. zealandica. Almost all of the females observed 

by Fenemore had food in their crops before any eggs were laid, 

in contrast to the situation reported by Kain. In the present 

study, each of the small pots of soil containing females kept 

for fecundity measurements was usually first inspected for 

eggs 5-6 days after the female had been mated, by which time 

most of the females had laid their egg cluster, but almost 

without exception those females which had not yet oviposited 

at this time had not eaten any food, judging from the undis

turbed condition of the clover and peach leaves supplied to 

them. This is in accordance with Kain's observations, which 

were based on dissection of several thousand females of 

known age, a much larger sample than Fenemore's 1-200 known

age females. The females kept by Fenemore also laid much 

smaller numbers of eggs than other workers have recorded for 

Q. zealandica, which he attributed to "the less than optimum 

conditions under which beetles were housed." This may also 

account for the apparently aberrant feeding behaviour of his 

females. 

The data obtained from sampling beetles is given in appen

dix XXIII. In analysing these results, the adult flight sea

son was split into three periods, based on the number of males 

flying: period 1, from the first flights made by small numbers 

of males, until moderate numbers of males were observed flying 

when weather conditions were suitable, i.e., on calm to moder

ately windy, mild to warm evenings; period 2, the main period 
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of flight activity, dominated by large male flights on suit

able evenings, the males flying in dense swarms at heights 

of up to 4 feet; and period 3, when peak flights had passed 

and male flights declined until the flight season finished. 

The earliest dates on which males were trapped in traps 

baited with the sex attractant (Osborne and Hoyt, 1969, 1970) 

were October 29th (Lincoln, 1970), November 7th (Winchmore 

plot 1, 1969) and November 5th (Winchmore plot 1, 1970). The 

latest dates on which flying beetles were trapped in impaction 

traps were December 2nd at Lincoln, in both 1968 and 1969, 

and December 1st (1969) and December 5th (1970) at Winchmore 

plot 1. Peak catches were obtained with impaction traps 

between November 17th and 20th at both plots. 

Thus the flight season of grass grub adults, the dates of 

which characteristically vary very little from year to year 

in a given locality (J. Kelsey, pers.comm.), commenced in late 

October at the Lincoln plot and early November at Winchmore 

plot 1 and terminated in both areas in early December, when 

the number of beetles present in the soil had fallen to a very 

low level (fig. 5-1, p. 93), i.e., there was slightly more 

than one month between the beginning and end of the flight 

season. W. M. Kain (pers.comm.) observed a similar pattern 

in two North Island sites, with 90% of the grass grub popula

tion emerging within two weeks. In contrast, Kelsey (1968b) 

found that emergence of adults at a suburban site in Ashburton 

(mid-Canterbury) extended from early November until March, al

though the great majority emerged during mid-late November. 

I have observed g~ass grub adults on suburban Christchurch 

lawns during February evenings, and the greater heterogeneity 

of the suburban environment, with local warm spots in sunny 

positions against walls and cool spots in the shade of buil

dings, etc., compared with relatively homogeneous flat, open 

pastureland may account for the much longer season of beetle 

activity in suburban areas. Fenemore and Perrott (1970) found 
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from light trap catches that the main beetle flights occur

red over a one month period from late November to late 

December in three pasture sites at Nelson, but they continued 

to obtain small catches throughout January and into February. 

These late flying beetles may have been attracted from ad

jacent areas with different micro-climates. 

The flight season varies between paddocks within a local

ity, ~., although flight terminated in early December at 

Winchmore plot 1, large numbers of grass grubs are trapped in 

light traps at the Winchmore Irrigation Research Station be

tween late October and mid-December, and grass grub adults 

form a major part of the diet of starlings in this area during 

November and the first half of December (Lobb and Wood, 1971; 

J. Wood, pers. comm.). The dates of the three periods with-

in the flight season were set as follows, based on observations 

of male flights: Lincoln - up to November 7th (period 1), 

November 8th-21st (period 2), November 22nd and later (period 

3); Winchmore plot 1 - up to November 9th (period 1), No
vember 10th-23rd (period 2), November 24th and later (period 

3). 
The results of soil sampling, ground collections and im

paction trap catches are summarized for the Lincoln plot ln 

table 12-1 and for Winchmore plot 1 in table 12-2. The soil 

samples were taken from areas adjacent to the plots. The 

results were similar for the two plots in most respects and 

followed the general pattern observed by Kelsey (1951, 1968b) 

and Kain (pers.comm.), which is described in appendix I. The 

soil samples reveal that the sex ratio of the population was 

about 1 : 1 during periods 1 and 2, the proportion of females 

in soil samples from the two plots varying from 42.3-55.3% 

during these two periods. Females predominated in the soil 

samples taken during the last part of the flight season, 

period 3, the proportion of females ranging from 70.2 to 80.0%. 

This phenomenon was also observed by Fenemore and Perrott 



Table 12-1. Summary of samples of adult grass grubs collected from soil samples (SS), flight

interception traps (FT) and ground collections (GC) at the Lincoln plot. 

ss . FT GC 

Year Period No. %age of %age of No. %age of %age of No. %age of 
indi- total females indi- total females indi- total 
vids. males fe- class class vids. males fe- class class vids. males fe-

males I II males I II males 

1968 2 - - - - - 268 90.3 9.7 3.8 96.2 426 53.3 46.7 

3 24 20.8 79.2 10.5 89.5 86 33.7 66.3 0.0 100.0 106 32.1 67.9 

~ 969 1 21 52.4 47.6 100.0 0.0 - - - - - 7 85.7 14.3 

2 79 46.8 53.2 57.1 42.9 302 98.0 2.0 0.0 100.0 326 57.1 42.9 

3 49 26.5 73.5 13.9 86.1 100 96.0 4.0 0.0 100.0 119 42.0 58.0 

-~ ---------'---- --

Table 12-2. Summary of samples of adult grass grubs collected from soil samples (SS), flight

interception traps (FT) and ground collections (GC) at Winchmore plot 1. 

SS 

Year Period No. %age of %age of No. 
indi- total females indi-
vids. males :re- class class vids. 

males I II 

1969 1 132 53.0 47.0 100.0 0.0 -
2 152 44.7 55.3 79.8 20.2 420 

3 35 20.0 80.0 14.0 86.0 89 

1970 . 1 146 57.7 42.3 100.0 0.0 1 

2 278 48.6 51.4 74.8 25.2 424 

3 57 29.8 70.2 20.0 80.0 41 

FT 

%age of %age of 
total females 

males fe- class class 
males I II 

- - - -
99.1 0.9 0.0 100.0 

91.0 9.0 0.0 100.0 

100.0 0.0 - -
99.3 0.7 0.0 100.0 

90.3 9.7 0.0 100.0 
, 

No. 
indi-
vids. 

-
170 

55 

-
515 

116 

GC 

)'I'oage of 
total 

males 

-
45.9 

32.7 

-
49.7 

44.8 

-

fe-
males 

.. 
,', ' 
,'. 

-
54.1 

67.3 

-
50.3 

55.2 

---

%age of 
females 

class class 
I II 

85.9 14.1 

43.0 57.0 

100.0 0.0 

81.4 18.6 

40.6 59.4 

-

%age of 
females 

class class 
I II 

- -
91.3 8.7 

13.5 86.5 

- -
87.6 12.4 

34.4 65.6 
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(1970) and would be partly due to the earlier emergence of 

males during the flightseason (Kelsey, 1951, 1968b), but it 

appears that the average longevity may have been higher in 

females, unless there was a mass dispersal of males out of the 

plot in period 3. Such dispersal was not observed, and most 

of the beetles apparently died on the pasture or in the soil. 

Dead beetles were often found on the surface of the pasture 

during the day in the latter half of period 2 and in period 

3. These dead beetles were predominantly males at first, 

but included many females towards the end of period 3. The 

proportion of females in soil samples which had not laid, i.e., 

were in class I, was always 100% during period 1, and ranged 

from 57.1 - 79.8% in period 2 and 10.5 - 20.0% in period 3. 

Thus well over half of the total number of eggs to be laid 

in the plots had probably been laid by the end of period 2, 

which is confirmed by fig. 5-1 (p. 93). 

The only ground collection made during period 1, at the 

Lincoln plot in 1969, comprised 85.7% males, reflecting the 

earlier emergence of males. The sex ratio was approximately 

unity in ground collections made during period 2, and it app

ears that in this period males and females were present in 

similar numbers during the night on the pasture surface, where 

mating occurs. Many observations were made of the behaviour 

of females during and immediately after mating on the surface. 

The females sometimes burrowed down into the soil immediately 

after copulation, or even commenced to burrow while the male 

was still in copula, but more frequently they remained on the 

pasture surface, for up to 30 minutes after mating, often 

moving less than 2-3 inches over the surface during this period. 

Females were sometimes observed to mate more than once on a 

single evening, but were always observed to burrow down within 

8 inches of the point where they had first mated. The sex 

ratio was biassed towards females in ground collections made 

during period 3, as with soil samples, the proportion of 
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females ranging from 55.2 to 67.9%. 

The aerial population appeared to consist entirely of 

males during period 1 and largely of males (90.3-99.3%) in 

period 2, although the impaction trap catches are probably 

not true representations of the aerial populations. Since 

the traps were only 19-21 inches high, they would be more 

likely to catch males, which fly over the pasture in a 

random pattern at heights of 3-4 feet, than females, which 

tend to fly in a more unidirectional manner and at greater 

heights' (W.M. Kain, pers. comm.). However observations of 

flight revealed that few beetles were flying in this manner. 

In the Winchmore plot and at Lincoln in 1969 the proportion 

of males in the flight-interception trap catches remained at 

over 90% during period 3, but at Lincoln in 1968 females 

comprised 66.3% of the catch during period 3. Trap design 

was the same for all plots and years, and it appears that 

these differences arose from the effects of weather and 

differences between sites. 

November rainfall at Lincoln was close to average at 1 .83 

inches in 1968, when the plot showed good spring pasture growth, 

but drought conditions prevailed in 1969, when November rain

fall was 0.89 inches, there were frequent warm, dry winds and 

the plot was very dry and partly bare. This spring drought 

did not cause an obviously greater mortality of beetles, which 

were found in considerable numbers in soil samples right 

through the flight season until early December (appendix XI), 

although the beetles appeared to have difficulty burrowing 

back into the hard, dry soil following emergence and larger 

numbers of dead beetles were found on the surface during the 

day than in 1968. The drought conditions of 1969 may have 

inhibited the flight of females in some way. Alternatively 

the drought conditions may have influenced the flight behaviour 

of the females in such a way that they were less susceptible 

to being trapped by the flight-interception traps, ~., they 
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may have flown higher than in 1968 or in a more unidirectio

nal manner out of the plot, which was a rather unfavourable 

oviposition site in 1969. 

There also appears to have been a site difference in 

female flight behaviour between the Lincoln plot and Winch

more plot 1. In the latter plot, where irrigation nullified 

the effects of the 1969 drought, the proportion of females in 

the flight-interception trap catches remained low in both 

1969 and 1970. Kain (pers.comm.) reported a similar inter

site difference in flight behaviour between two North Island 

areas. In the Waikato he found that the proportion of females 

in the aerial populations gradually increased during the 

flight season until females predominated, as recorded at the 

Lincoln plot in 1968, but at Hawkes Bay very few females flew 

at any stage of the flight season, and here the females appar

ently died in the pasture without flying. 

With one exception, all of the female beetles caught in 

impaction traps were class II females, and it appears that 

the great majority of the females which did fly had previously 

oviposited, as found by Kain. The single class I female 

trapped in flight was not examined for sperm, but in the light 

of Kelsey's (1951, 1968b) findings it would have been expected 

to be unmated. Inspection of the figures in tables 12-1 and 

12-2 shows that in both periods 2 and 3 the proportion of fe

males placed in class II was usually greater for soil samples 

(range: 20.2-42.9% for period 2, 80.0-89.5% for period 3) than 

for ground collections (range: 8.7-18.6% for period 2, 57.0-

86.5% for period 3). The smaller proportion of class II females 

in the ground collections may have arisen from class II females 

spending a shorter average time on the pasture surface than 

class I females during the period t-2 hours after dark. 

It seems unlikely that class II females would tend to be 

active on or above the surface for a shorter time than class 

I females during each evening, and the observed difference may 
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have been a result of some class II females being in the air 

while ground collections were made. These collections were 

not usually commenced until after the main male flight, which 

lasted 20-40 minutes, had ceased, but single flying beetles 

were occasionally observed while ground collections were 

being made, up to 1-2 hours after the main flight had ended. 

Kelsey (1968b) observed that a few beetles continued to fly 

for up to half an hour after the main male flight, and it 

appears that these late fliers may be mainly class II females. 

Kain (pers. comm.) found that females tend to fly later 

during the evening and at greater heights than males. The 

late fliers which I observed were usually at heights of 4-10 

feet, above the level of typical male flights. Eight late 

fliers were captured by hand, and they comprised seven males 

and one class II female, but the information from such a small 

sample is in~onclusive. The smaller than expected numbers of 

class II females in ground collections made during period 3 

resulted in the proportion of all females in these ground 

collections (range: 55.2-67.9%) being consistently less than 

the proportion of females collected from soil samples during 

this period (range: 70.2-80.0%). No such effect is apparent 

in the results from period 2, possibly because the proportion 

of class II females in the population was much lower during 

this period than in period 3, as revealed by soil sampling. 

Information obtained from soil samples on the vertical 

distribution of grass grub adults during the day is summarized 

in table 12-3. The proportion of the total population above 

the 1 inch depth, and hence potentially available to starlings, 

tended to increase from approximately 30% in period 1, when 

many of the beetles at greater depths were probably still with

in their pupal cells, to 35-50% in periods 2 and 3. Soil 

samples were taken at various times of the day from early mor~ 

ning to late afternoon, and time of day had no noticable effect 
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on vertical distribution. The vertical distribution of the 

sexes in a given period was very similar in different plots 

and years. During period 1, males predominated at depths of 

1in. or less and females predominated at gr~ater depths. 

The same pattern was evident to a less marked extent in period 

2, when females comprised 37.7-43.3% of the beetles above 1in. 

and 63.0-65.1% of those below 1in. In period 3, when there 

were more females than males in the population, the proportion 

of females was again greater below 1in. than above this depth. 

Thus the females tended to spend the day at greater depths 

in the soil than the males, as would be expected, since the 

females deposited egg clusters at depths of 1-7in. However, 

a considerable number of females were nevertheless present in 

the top 1in. during the day in periods 2 and 3, while many 

males burrowed down to depths greater than 1 in. 

The vertical distribution of females is summarized in 

table 12-4. The proportion of females above 1in. during the 

day increased from less than 20% during period 1 to 30-40% in 

periods 2 and 3. The vertical distribution of'class I females 

and class II females did not differ markedly, except for period 

3 at the Winchmore plot, when class I females tended to occur 

at depths below 1in. to a greater extent than class II females. 

These results suggest that while males would be more exposed 

to predation by starlings during the day than females, since 

the proportion of the males in the top in. is greater, consider

able numbers of females are also potentially available to star

lings, including many class I females in period 2. Grass grub 

adults sheltering at the base of the sward above the surface 

of the ground would probably be more readily available to star

lings than those present in the top 1in. of soil, since 

Canterbury pastureland soils are often too hard for starlings 

to readily probe into them during November. Surface inspec

tions were made in the field at both the Lincoln plot and 

Winchmore plot 1 during the 1969 and 1970 grass grub flight 
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Table 12-3. Vertical distribution of grass grub adults 

during the day. 

%age of %age of %age of 
Plot and year Period total beetles ~1" beetles >1" 

~1 " >1 " males females males females 

Lincoln, 1968 3 36.8 63.2 28.6 71.4 25.0 75.0 

-------- --- -----
Lincoln, 1969 1 33.3 66.7 85.8 14.2 35.7 64.3 

2 45.6 54.4 61 .1 38.9 34.9 65.1 

3 45.4 54.6 50.0 50.0 25.0 75.0 

-- --
Winchmore ploi 
1 , 1969 1 28.0 72.0 89.2 10.8 39.0 61.0 

2 39.5 60.5 56.7 43.3 37.0 63.0 

3 48.6 51.4 47.1 52.9 27.8 72.2 

Winchmore ploi 

1 , 1970 1 28.8 71.2 76.2 23.8 48.1 51. 9 

2 146.8 53.2 62.3 37.7 36.5 63.5 

3 ~3.8 56.2 36.0 64.0 25.0 75.0 
'--. 

Table 12-4. Vertical distribution of adult females during the 

day in relation to reproductive condition. Each 

figure is a %age of the total number of females 

for a given plot, year and period. 

:S 1" >1" 
Plot and year Perioc 

ClassI ClassII Total ClassI ClassII Total 

Lincoln, 1968 3 - 35.7 35.7 7.1 57.2 64.3 

--f--------
Lincoln, 1969 1 10.0 - 10.0 90.0 - 90.0 

2 19.0 14.3 33.3 38.1 28.6 66.7 

3 7.1 28.6 35.7 14.3 50.0 64.3 
t--. ---. 
lWinchmore plot 

1 , 1969 1 6.5 - 6.5 93.5 - 93.5 
2 21.4 9.6 31.0 58.3 10.7 69.0 

3 4.5 36.4 40.9 27.3 31.8 59.1 
t"-- --
lWinchmore plot 

1 , 1970 1 18.5 - 18.5 81 .5 - 81 .5 

2 25.2 9.1 34.3 49.6 16.1 65.7 

3 2.5 37.5 40.0 17 .5 42.5 60.0 

--

.'_.".' .<-.-.- ,'-' 
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seasons, by carefully inspecting the base of the sward and the 

soil surface within a series of randomly placed one foot square 

quadrats. Although 10-15 minutes were spent inspecting each 

quadrat, only two grass grub adults were found out of a total 

of 140 quadrats for both plots and years combined. It app

eared that the great majority of the beetles in these plots 

were spending the day beneath the soil surface. This was con

firmed when breaking up the upper 1in. of soil samples to 

extract beetles. OVer 90% of the beetles in the top inch 

whos~ positions relative to the soil surface were noted were 

below the soil surface. 

NUMBERS AND FEEDING BEHAVIOUR OF BIRD PREDATORS 

Bird counts were not~at ~Lincoln plot during the 1968 

grass grub flight season, but a flock of 20-40 starlings was 

regularly seen on the plot and examination of faeces revealed 

that grass grub adults were a major component of the birds' 

diet. Bird counts were made during the flight season at the 

Lincoln plot in 1969 and at Winchmore plot 1 in 1969 and 1970, 

and the results are summarized in table 12-5. The counts are 

listed in appendix XV. Only three speeies were commonly ob

served, starlings, white-backed magpies and skylarks. A flock 

of 30-40 house sparrows was seen on the Lincoln plot on one 

occasion in 1969, resulting in the relatively large average 

figure for this species. A pair of white-faced herons was 

seen at this plot at dusk on November 11th, 1969, just before 

the male grass grubs began to fly. These birds were searching 

the pasture intensively and were presumably hunting emerging 

grass grub adults, but they were disturbed by my presence and 

departed and were not seen again. 

Bird numbers were generally low. At the Lincoln plot 

starling numbers were slightly lower than the averages of 

1 .6-4.9 bird-hours/acre/day recorded at this plot during 

autumn and winter. The starlings were only seen on the plot 



~, - . - - - ~.: =-

334. 

Table 12-5. Numbers of bird predators of adult grass grubs 

observed at Lincoln and Winchmore plot 1 during 

the grass grub flight season (bird-hrs./acre/day). 

~lot and year Starling Magpie Skylark House 
sparrow 

Lincoln, 1969 0.71 0.46 0.33 1. 39 

iWinchmore plot 
1 , 1969 6.89 - 0.53 -
:Winchmore plot 
1 , 1970 (open 
plot) 17.44 0.18 0.83 -

during the first hour after dawn. Grass grub adults are active 

on the pasture surface throughout the night, and their activity 

was usually observed to cease soon after daybreak, with all 

having burrowed out of sight well before sunrise. Under the 

very dry and hard soil conditions prevailing at Lincoln in 

November, 1969, the beetles appeared to find it difficult to 

burrow back into the soil, with the result that they were 

present on the surface for several minutes longer than beetles 

observed in other plots and years. Most beetles which were 

watched eventually disappeared from sight, but those which 

failed to conceal themselves before sunrise on clear mornings 

were observed to die on the surface within an hour. The star

lings had apparently learnt that grass grub beetles were to be 

found in the plot at the beginning of the day, or at least 

that the plot was a productive area at this time of day, when 

they appeared in small groups of up to twenty birds. These 

groups usually visited less than t of the 4 acre plot, and are 

unlikely to have had a major effect on the grass grub popu

lation. A pair of magpies showed similar behaviour, usually 

visiting the plot within an hour of dawn. Magpies were never 

observed on any of the plots at or after dusk, which they have 

"'-,' . 
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been reported to do in areas where porina moths are emerging 

in large numbers (McIlroy, 1968). Each of the Lincoln plot 

and Winchmore plot 1 lay within the territory of a pair of 

skylarks, one or two of which were often observed on the plots. 

Skylarks are insectivorous surface-feeders, and would undoubt

edlY consume any grass grub adults they discovered during the 

day, but their numbers were probably too low for such pre

dation to be of any significance. 

At Winchmore plot 1, starlings were present in much 

smaller- numbers than during the autumn and winter, and the 

large flocks of these seasons were absent in the spring. 

145 nesting boxes were erected in late winter, 1969, by the 

farmer on the 70-acre property containing plots 1 and 3, and 

101 of these were occupied by breeding pairs in the spring 

of 1969 and 138 in the spring of 1970. The number of nesting 

boxes occupied was determined by observations of feeding 

visits by the adult birds. In each year a small number of the 

remaining nesting boxes were apparently occupied by single 

birds, probably young males which had failed to attract a mate. 

No feeding visits or signs of nestling droppings were seen 

at these boxes, but a single bird was sometimes seen entering 

or perched on each one. The number of occupied "natural" 

breeding sites on this property was limited to less than ten 

around the roofs of farm buildings~ The breeding population 

had thus built up to approximately two nests per acre by 1970. 

This is undoubtedly far in excess of the average density in 

Canterbury pastureland, ~., Coleman (pers. comm.) recorded 

one starling nest per 35-40 acres in his West Melton study 

area, excluding his nesting box population. 

The number of birds which visited the Winchmore plot was 

low on most days, with seldom more than 10 starlings present 

at anyone time. Peak numbers of starling nestlings are 

present at West Melton in the first half of November, with 

considerable numbers in the second half of November (Coleman, 
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pers. comm.). A similar pattern was apparent at Winchmore, 

judging by observations of feeding visits of adult starlings 

to the nesting boxes. The breeding adults usually hunted 

singly, in pairs, or 'in small groups of up to 30 birds. From 

mid-November onwards, flocks of up to 150 starlings in juve

nile plumage, presumably fledglings from the nesting boxes, 

were present in the Winchmore study area, and'a single visit 

of 5-10 minutes duration by one of these flocks during the 

observation periods in both 1969 and 1970 was responsible for 

the average numbers of starling-hours/acre/day for Winchmore 

plot 1 given in table 12-5 being greater than 3 to 5. With 

2 pairs/acre, an average of about 4 starling-hours/acre/day 

would have been expected if the birds had fed entirely with

in the 70 acre area where the nesting boxes were situated. 

Calculations suggest that a breeding population of two 

pairs of starlings/acre could conceivably have an appreciable 

effect on grass grub papulations. Data obtained by Dunnet 

(1955) and summarized by Royama (1966, table 4) show that the 

daily food consumption (fresh weight) of 12-19 day old star

ling nestlings is approximately half their body weight of 

75gm. If grass grub adults comprised t of the diet, each 

nestling would consume on average 

37.5 x 0.75 312.5 grass grub adults/day 
0.09 

(0.09gm. is the average fresh weight of a grass grub beetle). 

Assuming that there are 5 nestlings per brood, a 21 day nest

ling period throughout which each nestling consumes on aver

age 312.5 grass grub adults per day, and that adult starlings 

consume five times as much as nestlings (Royama, 1966, table 

6), the total number of grass grub beetles consumed per square 

metre by a population of two nests per acre (one per 2025 

square metres) would be 

15 x 312.5 x 21 = 48.6. 
2025 

This represents' about 10-50% of the teneral beetle populations 
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400 per square metre. 
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These calculations may overestimate the true situation 

by a large amount, ~., younger nestlings would consume con

siderably less than 12-19 day old nestlings, the starlings 

studied by Coleman reared an average of 1-2 nestlings to 

fledging, and the breeding adults at Winchmore did not obtain 

all of their food from within the 70 acre property, as they 

were frequently seen collecting food in adjacent paddocks. 

The adult birds would probably have had to concentrate their 

feeding activity within the localised areas of high grass 

grub density for consumption of grass grub beetles to 'have 

approached the level of these calculations, but they appeared 

to spend as much time hunting within areas known to be virtually 

free of grass grubs as in grass grub patches. Nevertheless, 

grass grub adults appear to be the most important item in the 

diet of adult and nestling starlings at Winchmore in November 

(Lobb and Wood, 1971; J. Wood, pers. comm.), and bird pre

dation could conceivably destroy a significant .percentage of 

grass grub beetle populations in localised areas of high star

ling density. 

Even if starlings did conSume as much as 25% or more of 

a grass grub beetle population, the effect of this predation 

on the grass grub population would depend upon the number of 

females which were destroyed before they had oviposited. As 

noted previously, Coleman found that grass grub beetles consumed 

by nestling starlings at West Melton were initially almost en

tirely males, with females containing few or no eggs appearing 

from mid-November on. The condition of these females and the 

time at which they appeared in the birds' diet shows that they 

were class II females. However, in this study considerable 

numbers of class I females were found in the top 1in. of soil 

during the day at both Lincoln and Winchmore plots as des

cribed above. The behaviour of the grass grub beetles is 
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scarcely likely to have been different at West Melton, which 

is a very similar farmland environment to Lincoln, and it 

appears that the class I females which were present in the 

top 1in. of soil may not have been readily available to star

lings. Observations of starling feeding behaviour in November 

supported this idea. The birds were seldom seen to probe inwthe 

turf at this time of the year, except when the soil was soft

ened by rain, and they concentrated largely on hunting for 

surface invertebrates. Irrigations at Winchmore softened the 

soil to a much greater extent than November rainfalls, but 

during and after irrigations the starlings were faced by such 

an abundance of insects floating in the irrigation water that 

they seldom showed any interest in probing. In the course of 

this study, there were never more than four rainfalls of more 

than O.10in. during the grass grub flight season, while an 

irrigated Winchmore farm would normally receiva either one or 

no irrigation during the 3-4 weeks that most of the activity 

of grass grub adults occurs. 

The combination of infrequently soft soil and the spring 

abundance of insects in Canterbury pastures appears to result 

in starlings obtaining most of their food from above or on the 

soil surface at this season. Hence most of the grass grub 

adults obtained by the birds may be captured while sheltering 

at the base of the sward or in cracks in the soil, rather 

than beneath the soil surface. Since very few grass grub 

beetles were found above the surface in the study plots but 

they formed a major item in the starlings' diet, the question 

arises, where were the birds getting them from? 

The density of grass grub beetles above the soil surface 

may be related to pasture length. In the Winchmore study 

area in 1970 starlings were noticed making regular visits to 

an area of rank ungrazed pasture adjacent to a main irrigation 

race at one end of the property. Inspection of the surface 

in this area revealed several grass grub beetles sheltering 

at the bases of tufts of rank vegetation, above the soil surface. 
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roximately 4 square feet produced 18 grass grub adults 
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(14 males, 4 class II females) compared with only 2 found in 

140 square feet on the plots, which contained short close

grazed pasture (t - 2in. long) when the surface inspections 

were made. Rank pasture would tend to produce a moister, 

cooler microenvironment at and above the soil surface than 

short pasture, which could explain the difference in the 

number of beetles above the surface. A similar effect may 

have oc·curred at the Lincoln plot in 1968, when this plot 

was rank throughout November and starlings were often seen 

feeding on the plot during late morning and afternoon, but 

surface inspections were unfortunately not made 1n that year. 

In contrast, the pasture was short and very dry at this plot 

in 1969, when surface inspections were made and revealed only 

one grass grub, and starlings were only seen on the plot with-

1n an hour of dawn. 

The 18 beetles found above the surface in the rank area 

at Winchmore contained no class I females, but this inspection 

was made in late November when few class I females remained 

in the population. If grass grub adults are only found in 

large numbers above the soil surface during the day in areas 

of rank pasture, starlings may obtain them mainly by regularly 

visiting such areas. Pastures are generally short on Canter

bury fat lamb farms in November, spring being the season when 

stock requirements are high, and at this time of the year areas 

of rank pasture are mainly restricted to ungrazed areas, such 

as the verges of major irrigation channels and roads. Since 

female grass grubs do not usually fly or move far until after 

they have laid their first egg cluster, class I females occur

ring in close-grazed pastures would tend to spend the day ben

eath the soil surface, out of the reach of surface-feeding 

birds. Grass grub adults which have flown may tend to congre

gate in areas of rank pasture, especially if these areas are 
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adjacent to favoured food trees such as elder (Osborne and 

Hoyt, 1968). The only foods apart from pasture species 

available to grass grub adults at Winchmore were gorse and 

poplar, neither of which attracted the beetles, but the rank 

area at Winchmore where beetles were found above the surface 

contained many weed species, some of which may have been 

favoured food plants of adult grass grubs. Such behaviour 

could result in concentrations of male and class II female 

beetles above the ground during the day in localised areas 

of rank pasture, and the prevalence of grass grub adults 

but paucity of class I females in the diet of starlings may 

arise from the birds discovering and exploiting these concen

trations. Although starlings usually prefer to avoid rank 

pastures, the area of rank growth where they were observed 

feeding at Winchmore consisted mainly of isolated tufts of 

rank grass several inches apart, and the birds were able to 

move between these tufts and search at their bases. 

Comparison of the indices of population trend in Winchmore 

plot 2 and areas of Winchmore plot 1 which were caged during 

autumn and winter show that starling predation on adults in 

plot 1 did not have a significant effect (table 12-6). The 

95% confidence intervals for indices of population trend were 

calculated from the usual formula for the standard error of a 

ratio (Yates, 1965, p. 198). The property containing plot 2, 

which was visited twice during the starling breeding season, 

had a very low breeding population of starlings, with only a 

few occupied nesting sites around farm buildings and none 

within half a mile of the plot. The index of population trend 

for plot 2 did not differ significantly from that for the caged 

0.3 acre plot, where there were two breeding pairs of starlings 

per acre. Starlings were excluded from the latter plot during 

the autumn and winter of 1970, but had free access to it 

during the grass grub flight season, apart from one day when 

the effects of irrigation were being investigated. The lower 



- • ~ -_' 0:'-
;,~,"; 0-' ., "<-:,~-:,:- ,-,-.-:-. :: ,',.:: ,".<-:-: ,.',- '>:':':·~::"~·2':·.:":·~' _____ 0 _"," ".-••• " •• '_-~'o 

341. 

index of population trend for the 12ft. by 6ft. areas of plot 

1 which had been caged in the autumn and winter of 1969 pro

bably arose through dispersal from these small areas, as 

discussed on p. 185. 

Despite the relatively high density of breeding starlings 

in the area containing plot r and the prominent position of 

grass grub adults in their diet, the birds apparently did 

not take enough class I females to have a significant effect 

on grass grub population trend. 

Table 12-6. Indices of population trend (I) for grass grub 

populations of Winchmore plot 2, areas of 

Winchmore plot 1 caged in 1969 (both third-ins tar 

larva to third-instar larva) and caged 0.3 acre 

plot (egg to egg). 

95% confidence 95% confidence limits 
Plot interval for I for I (%) 

(%) --
Upper Lower 

--~-----
plot 2 (1969-

70) 212.52 + 30.04 242.56 182.48 -
plot 1 (1969-

70) 139.69 + 35.06 174.75 104.63 -
caged plot 

+ (1969-70) 183.93 - 49.24 233.17 134.69 

THE EFFECTS OF IRRIGATION DURING THE GRASS GRUB FLIGHT SEASON 

Flood irrigation of mid-Canterbury pastures results in 

many insects being trapped in the irrigation water where they 

are easy prey for birds, and large numbers of black-backed 

gulls are a characteristic sight on a pasture which is being 

irrigated (plate 12-1). Red-billed gulls and starlings are 

often present in moderate to large numbers, with small numbers 
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of magpies, pied oystercatchers and pied stilts. In areas 

where grass grubs are present in high densities, November 

irrigations drive many adults out of the soil. 

The property containing Winchmore plots 1 and 3 was 

irrigated on November 20th, 1970, when the plastic netting 

cage was pulled back into position over the caged 0.3 acre 

plot to exclude birds. Observations of birds on the adjacent 

open 0.3 acre plot and on other parts of the property re

vealed that the birds concentrated on that part of the farm 

wh~ch w.as being irrigated at a particular time, and then 

switched their attention to the next paddock or part of a 

paddock to be irrigated. The ir~igation border containing 

the open 0.3 acre plot was flooded from 10.15 to 11.15 a.m. 

on November 20th, and surface water lay on the plot until 

11.30 a.m. The plot was visited by 50-80 black-backed gulls 

for 18 minutes and 20-30 starlings for 14 minutes during this 

period, with two pied stilts present for 3 minutes. The gulls 

and starlings fed mainly at and near the slowly advancing 

front of the irrigation water, which they followed down. each 

group of three to eight adjacent t chain wide irrigation 

borders which were being irrigated. simultaneously. Although 

several hundred baack-backed gulls were present on the 70 acre 

property during the irrigation, at anyone time t - t of them 

were sitting or standing on the border dykes, apparently 

temporarily satiated (plate 12-1). There were also several 

hundred starlings present, including adults from the nesting 

boxes, fledglings, and flocks of adults from elsewhere. 

Small numbers of red-billed gulls and pied oystercatchers were 

also present but did not visit the plot. Unlike the other 

birds, the starlings did not walk around in areas where the 

advancing water was more than t an inch deep. This kept them 

off many parts of the pasture, where the water was often 1-4in. 

deep, and the starlings fed mainly at the edges of the water, 

although they were occasionally observed to hover over the 



Plate 12-1. Black-backed gulls on a Winchmore 

pasture during irrigation. 

343. 



344. 

deeper areas to pick up floating insects. The starlings 

concentrated entirely on surface feeding, and no probing was 

observed. 

Observations in an adjacent paddock revealed that grass 

grub and weevil adults were the commonest insects in the 

irrigation water, and many grass grub beetles were observed 

clinging to grass blades protruding from the water, where they 

were easy prey for birds. A collection of 200 grass grub 

adults from the irrigation water comprised 84% males, 6% class I 

females and 10% class II females. The irrigation was made 

towards the end of period 2 during the grass grub flight sea

son, and the proportion of males was considerably higher than 

that recorded in the top 1in. of soil samples at this time 

(table 12-3). This suggests that males are more readily 

driven out of the soil by irrigation water than females, and 

this predominance of males would tend to nullify the reduction 

in grass grub populations caused by predation during irri

gation. Many grass grubs and other insects trapped in the 

irrigation water escaped predation by the birds, which did 

not spend long enough in most areas to take all of the in-

sects available. As soon as the water had soaked in, the grass 

grub beetles quickly burrowed back into the soil, and the 

period of flotation did not appear to have a detrimental ef

fect on them. 

Exclusion of birds from the caged plot during the irri

gation did not have a significant effect on the grass grub 

,population, since the proportion of the potential fecundity 

actually laid (as calculated from the fecundity of captive 

females and measurements of the density and sex ratio of 

teneral beetles and the density of the subsequent egg popu

lation - see table 15-4, p.378) was 46.6% for the open plot 

and 47.4% for the caged plot. Th~s the combination of a 

predominance of males in the grass grub beetles driven to the 

surface and the short time spent by the birds in most localised 
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areas of pasture resulted in bird predation during this 

irrigation having no significant influence on the number of 

eggs present at the start of the following grass grub gener

ation. Even if large numbers of females had been driven 

to the surface by the water and captured by birds, the irri

gation on November 20th would have been too late for a 

marked reduction in the size of the subsequent grass grub 

generation to have occurred, since over half of the eggs had 

been laid by this time (fig. 5-1, p. 93). Irrigation during 

the early part of the flight season, up to November 15th, might 

have had a more marked effect, providing significant numbers 

of class I females were driven to the surface, but this would 

not be a practicable control technique over a wide area as 

irrigation water is only available to individual farms on a 

roster basis, with a minimum of 2-3 weeks between successive 

irrigations. 

SMALL MAMMAL PREDATION ON GRASS GRUB ADULTS 

Rats, mice and hedgehogs may all consume grass grub" 

beetles when these are available. Although a nest of young 

mice was found at the Lincoln plot in August,1968, when the 

plot was rank and had been closed to grazing for several 

months, twelve live-traps baited with peanut butter and oat

meil which were set on this plot on most evenings during 

November, 1968, failed to catch anything. No signs of rats 

or mice, such as droppings, were observed on any of the study 

plots at any other time, and the density of rodents in Canter

bury pastureland is probably low in areas away from farm 

buildings. 

Hedgehogs are common throughout the Canterbury Plains, 

although none were observed on my study plots at any time. 

Since they are active while grass grub beetles are present on 

the pasture surface in large numbers at an approximately equal 

sex ratio, these nocturnal insectivores could have a significant 



'-_-T'," ~'_--. - - - : -~ :',' _< :. _ ~ _.; ; : 
.. -.'-;':-:.< . _. - ... - .--'.-.".'," .-. -","' -

346. 

effect on grass grub populations by destroying females before 

they had laid any eggs. Some idea of the potential order 

of hedgehog predation on grass grub beetles can be obtained 

from data in the literature. Kayser (1939) observed that the 

basal metabolic rate of a 684gm. hedgehog was 59.1 Kcal./day. 

The calorific content of grass grub adults was not determined, 

but taking Gibb's (1957) figure of 5.8 Kcal./gm. dry weight 

for mixed insects and the average dry weight of a grass grub 

beetle (0.024 gm.), and assuming that the energy requirements 

of a w~ld hedgehog are twice the basal metabolic rate gives 

118.2 = 849.1 or approximately 
0.024' x 5.8 

850 grass grub adults per day as the potential daily con-

sumption by a hedgehog assuming that it ate nothing but grass 

grubs, and that the efficiency of utilization was 100%. 

Brockie (1958) recorded a hedgehog density of approximately 

one per acre in hill country pasture in Hawkes Bay. At this 

density, hedgehogs could potentially consume 2.9 grass grub 

adults per square metre over a 2-week period, a very small per

centage of the teneral grass grub adult population densities 

of 100 to 400 per square metre recorded at Winchmore. Since 

the calculated consumption is probably a potential maximum 

and hedgehogs appear to occur at densities well below one per 

acre in most Canterbury pastures, probably because of the lack 

of cover where they can spend the day, hedgehog predation on 

grass grub beetles is likely to be of negligible significance, 

except perhaps in localised areas of high hedgehog density 

where "swarms" of hedgehogs (Brockie, 1958, 1959) may be 

attracted by emerging grass grubs. 

',". ,',"_-_".' .".'T< -;-> _-:,.~,.~. 



CHAPTER 13 

THE EFFECTS OF WINTER PLOUGHING ON A 

GRASS GRUB POPULATION 
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Cultivation is sometimes a useful technique for reducing 

populations of soil insect pests, but scarabaeid larvae may 

be difficult to kill in large numbers by this method. Luders 

(1958) found that repeated cultivation with disc harrows or 

rotary -cultivators was necessary to give a satisfactory re

duction in populations of second and third-ins tar larvae of 

Melolontha spp., while Kain and Atkinson (1970) reported that 

cultivation only caused a very high mortality of grass grub 

populations when the grubs were in the delicate pupal stage. 

The mortality of grass grub larval populations during culti

vation might be increased significantly by bird predation 

of larvae exposed to the surface. The habit of following the 

plough to feed on freshly exposed soil invertebrates is well 

known in gulls and some other sea birds, and photographs of 

this behaviour are given by Carrick and Murray (1964). Kelsey 

(1951) reported that starlings and various sea birds caused 

a major reduction in grass grub populatinlli during cultivation 

in Canterbury, and he stated that with repeated grubbing and 

long fallowing larval populations can be reduced to a point 

where they do not build up to a significant level for another 

three years. 

THE EFFECTS OF WINTER PLOUGHING AT WEKA PASS 

Bird Predation. 

The effects of a single winter ploughing were investigated 

at Weka Pass, where a grass grub-infested pasture was ploughed 

on June 9-11th, 1970, as described on p. 147. Population 

densities of grass grubs and earthworms (Allolobophora 

caliginosa, A. terrestris and Octolasium cyaneum ) before 
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and after the ploughing in the six open and six caged eight 

feet square areas are given in table 13-1. The counts are 

listed in appendix XXIV. 

Analyses of variance revealed that the difference in 

survival between caged and open areas was not significant for 

earthworms or grass grubs (P>0.10), despite the visits of a 

considerable number of gulls to the area during cultivation. 

Observations from an adjacent hillside on June 11th revealed 

that a flock of 110 black-backed gulls was present, accompanied 

by 14 r-ed-billed gulls. No other bird species were recorded, 

although magpies and starlings had been seen feeding on 

freshly ploughed pasture in this area on earlier occasions. 

The gulls concentrated their feeding activity within one 

quarter of the 55-acre paddock, rather than following the 

plough continually. The tractor pulling the plough took 10-

20 minutes to make one circuit of the paddock, ploughing 

commencing from the outside. The gulls rested on either 

ploughed or unploughed turf while the tractor was on the 

opposite side of the paddock. When the tractor entered the 

area where the birds were resting, they immediately flew in 

behind the plough and fed actively on exposed soil inverte

brates for 1-5 minutes, concentrating on the freshly ploughed 

4ft. wide strip, and then rested again until the tractor re

turned. Occasionally a group of gulls flew off to another 

part of the paddock and adopted a similar feeding pattern 

there for a time, but the gulls concentrated largely on one 

quarter of the paddock. This quarter included most of the 

patches of grass grub-damaged pasture, and all of the open 

8ft. square areas were sited within it. Whether the gulls were 

attracted by the grass grubs or simply concentrated in this 

area by chance can only be speculated. 

The failure of the gulls to cause significant mortality 

among the grass grubs and earthworms can be explained by the 

small proportion of the population of soil invertebrates brought 
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Table 13-1'. Population densities (per square metre) of 

third-ins tar grass grubs and earthworms in a 

Weka Pass pasture ploughed on June 9th-11th, 

1970. 

Areas Earthworms Grass grubs 
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~opulation density %age Population density %age 

~/vi/70 20/vi/70 reduction 5/vi/70 20/vi/70 reduction 

Caged. 712.99 599.75 15.9 153.27 45.64 70.2 

Open 591.14 509.34 13.8 200.63 77.50 61.4 

Total 652.28 554.55 1'4.9 176.95 61 .57 65.2 

Table 13-2. Numbers of earthworms and grass grubs exposed to 

surface feeding birds by cultivation at Weka Pass. 

Densities expressed as numbers per square metre. 

r !Area Earthworms Grass grubs 

(C = Pre-ploughing Density %age Pre-ploughing Density %age 
caged) population on exposedpopulation on exposed 

density surface density surface 

C1 370.27 6.46 1.7 129.16 7.85 6.0 

C3 654.44 20.02 3.0 68.88 1 .40 2.0 

C5 869.71 26.48 3.0 275.55 8.61 3.1 

to the surface by ploughing, as revealed by surface counts made 

in three caged 8ft. square areas immediately after they had 

been ploughed (table 13-2). The plough was a conventional 

4-furrow mouldboard plough which turned over four adjacent strips 

of turf, each one foot wide and six inches deep, on each cir

cuit of the paddock (plate 13-1). The post-ploughing surface 

counts show that only a small percentage, usually under 5%, 

.'.0 ___ - __ '<, 



of the grass grubs and earthworms were exposed to surface 

feeding birds by this implement. Most of the soil fauna 

was retained within the one foot wide strips of inverted 

turf. Only those grass grubs and earthworms lying in the 

direct path of the cuts made by the plough, i.e., between 

the one foot wide strips, or at the six inch depth were 
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liable to be exposed to the surface, and most of the latter 

would be reburied beneath the inverted turf. The distribution 

of earthworms and grass grubs within the soil was apparently 

simila~, since similar proportions were exposed by the plough. 

Earthworms and grass grubs exposed by the plough took 

at least several minutes to burrow out of sight (table 13-3), 

with grass grubs moving much more sluggishly than earthworms. 

These observations were made on undamaged specimens. Worms 

and grubs damaged by the plough often remained on the surface 

for several hours. The worms and grubs which are brought to 

the surface are thus readily available to surface feeding 

birds, but even if the gulls had consumed all of the worms 

and grubs available to them they would have destroyed a very 

small proportion of the total populations. Unlike gulls, 

starlings and magpies are not entirely surface feeders, but 

also obtain subterranean prey by probing. Consequently, larger 

numbers of grass grubs and earthworms might be destroyed if 

fldcks of starlings or magpies fed on the freshly ploughed 

pasture, as well as gulls, although it is quite likely that 

the st~rlings and magpies would show little i~terest in pro

bing when confronted by soil invertebrates lying on the surface 

in considerable numbers. 

Although ploughing exposes enough soil invertebrates to 

create a highly attractive food source for gulls and other 

birds, the proportions of the total grass grub and earthworm 

populations exposed by conventional implements are too low 

for bird predation during cultivation to have a significant 

effect on the populations of these soil organisms. The 
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Plate 13-1. Ploughing of Weka Pass study area, 9/vi/70. 
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Table 13-3. Times taken by earthworms and grass grubs to 

disappear from sight by burrowing into the 

soil after being exposed by the plough. 

No. of Disappearance time (mins.) 

observations 
Average Range 

-
Earthworms 20 6.4 3 - 15 

Grass grubs 18 28.5 5 - 135 

reductions in grass grub populations attributed by Kelsey (1951) 

to bird predation during a series of repeated cultivations 

probably arose from mechanical injury caused directly by the 

cultivations, which may have extended into the spring, when 

the highly susceptible pupal stage is present. 

Mechanical Injury. 

Since bird predation was insignificant, the 65.2% mor

tality of grass grubs and 14.9% mortality of earthworms 

must have arisen mainly from mechanical damage, i.e., direct 

damage by the plough, damage by movement of soil caused by 

the plough and crushing by the crawler tractor which passed 

over the turf immediately in front of the plough. In addition, 

exposure to the weather may have accounted for some of the 

mortality. Lamb (1952) reported that in soil lacking a pro

tective plant cover frosts may kill up to 90% of the earthworm 

population, and there were several frosts of 5-15 0 F in the 

10-day period between ploughing and resampling the grass grub 

and earthworm populations. Mechanical damage caused directly 

by the plough is unlikely to have been great, since most of 

the turf did not come into direct contact with the plough but 

was simply turned over. 16% of the earthworms and 4% of the 

grass grubs exposed to the surface were observed to have been 

damaged, i.e., wounded. The proportion of d~maged grass grubs 
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was presumably much higher amongst those not brought to the 

surface, since total mortality was 65.2% It is possible 

that many grass grubs were crushed by the crawler tractor 

and by soil movement· within the strips of turf which were 

turned over. When the areas were resampled most of the grubs 

were concentrated around the buried vegetation at depths 

of 4-6in. and it is unlikely that exposure to weather after 

ploughing would have killed many. Spade squares were taken 

to a depth of 9 inches in both pre- and post-ploughing samples. 

The proportion of the grass grub and earthworm populations in 

the unploughed zone at depths of 6-9in. was less than 10% on 

both occasions. 

Earthworms are apparently much more resistant than grass 

grubs to mechanical damage during ploughing, since they suf

fered only 14.9% mortality. Other workers have reported simi

lar findings. Evans and Guild (1948b) found that ploughing 

of pasture did not bring about an immediate reduction in the 

earthworm population, and Tischler (1955) observed that multi

furrow mouldboard and disc ploughs did not cause enough mech

anical injury to appreciably reduce earthworm_.populations, un

like rotary cultivators. As well as being resistant to injury, 

the well known regenerative powers of earthworms would allow 

some damaged ones to survive. 

Mechanical injury caused by winter ploughing thus has 

the beneficial effect of killing considerable numbers of grass 

grubs without markedly reducing earthworm populations. A 

kill of 65% would not be enough to reduce the grass grub popu

lation below the level where it could cause serious damage 

to subsequent crops, and winter ploughing would have to be 

followed up by spring cultivations timed to coincide with the 

delicate prepupal and pupal stages to reduce the population to 

very low levels, as Kain and Atkinson (1970) have shown. 



CHAPTER 14 

THE EFFECTS OF GRASS GRUB ON THE PRODUCTION 

OF IRRIGATED WINCHMORE PASTURES 

The results of measurements of pasture production and 

species composition at Winchmore, which were described on 
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p. 148-151, are presented ln appendix XXV. Methods of esti

mating crop losses caused by insect pests usually involve 

comparing the production of infested and uninfested plants, 

by excluding pests from certain plants by mechanical or 

chemical means, by artificially infesting or damaging plants, 

or by comparing yields from infested or uninfested plants with

in a naturally infested crop (Strickland and Bardner, 1967). 

The last method is the most straightforward and is readily 

applicable to estimating the effects of grass grub on pasture 

production, since grass grubs and grass grub damage tend to 

occur in discrete patches within an infested paddock. This 

method assumes that all parts of a paddock are equally sus

ceptible to grass grub attack and that pasture production 

in the infested parts would be the same as that in the un

infested parts in the absence of grass grub. These assumptions 

are reasonable in the case of flat, uniform, flood irrigated 

Canterbury pastures situated on a single soil type, with the 

exception that a 1-2ft. wide strip alongside the border dykes 

usually shows better pasture growth than the rest of the pad

dock, apparently because of increased soil fertility through 

the effects of sheep camping there. These areas were avoided 

in this study. 

RESULTS 

Autumn Production. 

All measurements of autumn pasture production were made in 
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paddocks which had been grazed down to about cutting height 

(tin.) and then closed to grazing for 9 - 12 weeks, so that 

the pasture clippings effectively measured net production over 

this period. The measurements of autumn pasture production 

in 1970 in the paddock containing Winchmore plot 1 are given 

in table 14-1, expressed as kg./hectare/day. 

Area D was typical of the grass grub-infested parts of this 

paddock, and sampling during March in both 1969 and 1970 con

sistently revealed 10-20 early third-ins~ar larvae per spade 

square ln this area, with an average of 13.5 per spade square 

(581 per square metre). The grass grub population in this area 

was prevented from increasing above 500-600 third-ins tar lar

vae per square metre by starling predation under conditions 

of heavy autumn and winter stocking, as described in chapter 

10. Grass grub populations of this size caused moderate autumn 

damage to irrigated Winchmore pastures (plate 14-1), the total 

dry matter production being 72.5% of that in the undamaged 

areas, where sampling revealed 0-2 third-ins tar larvae per 

spade square (0-86 per square metre). The 12ft. by 6ft. areas 

of plot 1 which had been used as open areas in the exclusion 

studies of the autumn and winter of 1969 had a population of 

473 grass grubs per square metre in March, 197~ and pasture 

production was very similar to that in area D. The 12ft. by 

6ft. areas which had been fenced and caged to exclude ·sheep 

and birds in 1969 had a population of 841 grubs per square 

metre in March, 1970 and here pasture production was reduced 

to 55.4% of that in undamaged areas. The greater pasture 

damage in these areas was reflected by heavier turf-pulling 

when the paddock was grazed (plate 14-2). 

At the other two paddocks where autumn pasture production 

was measured in 1970 herbage dissections were also made. By 

combining the data on total dry matter production and species 

composition given in appendix XXV the results can be expressed 

in terms of kg.dry matter/hectare/day for each species for the 
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Table 14-1. Net dry matter production (kg./ha./day) in 

paddock containing Winchmore plot 1 while it 

was closed to grazing from 8/i/70 to 12/iii/70. 

Area Undamaged Area D 1969 open areas 1969 caged areas 

-
Produc-

tion 51 .95 37.66 39.58 28.76 

period that the paddock was closed to grazing (table 14-2). 

In these two paddocks undamaged areas were those showing no 

signs of grass grub attack, moderately damaged areas were 

similar to area D (plate 14-1) and severely damaged areas 

contained little pasture growth with areas of dead and dying 

pasture (~., plate 10-1). Sampling revealed that undamaged 

areas typically contained 0-4 third-instar grass grubs per 

individual spade square (0-172 per square metre), moderately 

damaged areas contained 8-18 per spade square (344-775 per 

square metre), and severely damaged areas contained 20 or more 

per spade square (861 to well over 1000 per square metre). 

Expressing pasture production in damaged areas as a percentage 

of that in undamaged areas gives 54-56% for moderately damaged 

areas and 18-28% for severely damaged areas in terms of total 

dry matter production, and 49-52% for moderately damaged areas 

and 12-14% for severely damaged areas in terms of total green 

dry matter. 

In the undamaged stratum the presence of grass grubs in 

low numbers had no apparent effect on pasture production 

(table 14-3). It therefore appears that populations of up to 

at least 4 third-instar larvae per spade square (approximately 

150 per square metre) do not significantly affect the pro

duction of irrigated pastures. 

Increasing grass grub numbers and damage from undamaged 
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Table 14-2. Net production (kg. dm/ha./day) of autumn-saved 

pasture in two areas at Winchmore. 

-~ 

~rea Plot 2 Paddock adjacent to plot 1 
-Period 

closed 14/ii/70 - 29/iv/70 9/ii/70 - 30/iv/70 
to 
grazing 

Degree Undamaged Moderate Severe Undamaged Moderate Severe 
of 
pasture 
damage 

--
Species 

Ryegrass, 
dogstail 
and cocks- 28.4 14.4 2.2 14.2 8.5 1.9 
foot 

Clovers 6.3 0.9 0.1 7.5 2.9 0.3 

Browntop 
and York-
shire fog 0.6 2.1 0.9 9.6 4.0 1.6 

Miscell-
aneous 4.6 2.3 2.4 1.1 1 .6 0.3 

Dead 10.1 8.3 8.3 7.8 4.9 3.2 

Total 50.0 28.0 13.9 40.2 21 .9 7.3 

to severn damage was accompanied by a marked reduction in the 

production of the sown pasture species (table 14-2), perennial 

ryegrass (Lolium perenne L.), crested dogstail (Qynosurus 

cristatus L.), cocksfoot (Dactylis glomerata L.) and clovers 

(mainly white clover, Trifolium repens L., with some red clover, 

Trifolium EEatense L. on the property containing Winchmore plot 

1 and small amounts of subterranean clover, Trifolium sub

terraneum L.). Dead material and the unsown pasture components 

browntop (Agrostis tenuis Si.bth.), Yorkshire fog (Holcus lamtus 



Plate 14-1. Gen eral v i ew of area D wi t h in t h e paddock 
containin g Winc hmore plot 1, s h owi n g 
t y pical moderate a u t umn pasture damage 
cau sed by grass grub . Ph otograph taken 
on 12/ii i/70~ wh e n t h e pastu re was 6-18 
i n c h es high , h avi ng been closed to 
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graz ing for 9 weeks. Th e presence of grass 
grub is readily detected by t h e lighter 
colou red areas, whic h represen t pasture 
t u r n ed brown by grass grub attack, but 
pasture damage is no t as strikingly obviou s 
as i n s evere i n festations. 
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Plate 14-2. Two 12 feet by 6 feet areas of p astu re in 
Win c hmore plot 1 whi c h had b een used a s 
exclusion areas in 1969 , wh e n they h ad 
simi lar den sit i es of early third-ins tar 
larvae, ph otographed in the winter of 1970 
(1/vii/70 ). Th e area in the fo re ground had 
b een caged a n d fenced t o excl ud e birds a nd 
she ep in the autumn and winte r of 1969 , 
al lowing the grass gr ub p opulat i on t o build 
up to a level where pasture damage in the 
autumn of 1970 was s u f fi cient t o res u l t in 
heavy turf-pulling when the plot was g r a zed . 
The area in the background had b e en open in 
1969 a nd starling predati on a nd sheep 
treading had kept the grass g r ub p opul a ti on 
at a leve l where v ery little turf-pulling 
occ u rred in 1970. 
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Table 14-3. Dry matter production (gm.) in 1 square foot 

samples from undamaged areas at Winchmore plot 2 

in relation to number of third-instar larvae 

found in spade squares taken from sample sites. 

-
No. of Sites Grass grubs per gms. dry matter 

--spade square average range 

6 0 35.00 24.30-41.19 
'2 1 36.91 33.87-39.95 

1 2 21 .50 --
1 4 38.86 -

_. 

L.) and miscellaneous weeds were less markedly affected by high 

grass grub numbers. The miscellaneous category included r04 

sette weeds (Crepis capillaris L., Hypochoeris radicata L. and 

Taraxacum officinale Weber), yarrow (Achillea millefolium L.), 

sweet vernal (Anthoxanthum odoratum L.), Chewing's fescue 

(Festuca rubra L.), Poa spp., mouse-ear chickweed (Cerastium 

vulgatum L.), hairgrass (Vulpia myuros L.) and barley grass 

(Hordeum secalinum Schreb.). 

Winter Production. 

Measurements of winter, spring and summer production were 

made by a rate of growth technique (p. 150) and the results 

are expressed as kg. dry matter/hectare/day over the period 

of regrowth. Winter production measurements were restricted 

to the open and caged 0.3 acre plots, area D and undamaged 

areas of Winchmore plot 1, and the results are shown in 

table 14-4. These measurements were made in late winter 

(July-August) and by this time th~ feeding activity of the 

grass grubs was declining and the pasture in area D was re

covering, total production in area D being 87.7% of that in 

- ;:"' ... --
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the undamaged areas. Total winter production in the open plot 

which had contained 499.7 grass grubs per square metre and 

had shown moderate damage in the autumn, was similar to that 

in the undamaged areas, but production was less in the caged 

plot. 

Table 14-4. Pasture production (kg.dm/ha./day) during winter 

(4/vii/70 - 19/viii/70). 

Area 

Species Undamaged Area D Open plot Caged plot 

Ryegrass and 
dogstail 4.0 3.2 3.6 2.5 

Clovers 0.5 0.1 0.4 0.5 

Browntop and 
Yorkshire fog 0.3 0.8 0.8 0.5 

lMis c.ellaneous 
(including 

cocksfoot) 0.4 0.4 0.5 0.1 

Dead 0.5 0.5 0.5 0.3 

---_. --
Total 5.7 5.0 5.8 3.9 

In terms of species composition there was a tendency for 

less ryegrass, crested dogstail and clovers and more browntop 

and Yorkshire fog in area D and the open plot than in the un

damaged areas. 

Spring Production. 

Measurements of spring production were made in 1970 in 

several areas of the paddock containing plot 1 and also in the 

paddock containing plot 3. The results from the former pad

dock are given in table 14-5. By spring the pasture in area 

D, in the open areas of 1969 and even in the caged areas of 

1969 had recovered to a similar level of herbage production 
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to that of the pasture which had been undamaged in the autumn 

of 1970. Production in the open plot was also similar to 

that in the undamaged areas but production in the caged plot 

remained lower. The production of individual pasture com

ponents was similar for the open plot, the open areas of 1969 

and the undamaged areas, although production of ryegrass 

and crested dogstail was apparently higher in the open plot. 

There was a tendency for reduced production of ryegrass and 

dogs tail but increased production of browntop and Yorkshire 

fog in-areas which had been moderately damaged in the previous 

autumn, as shown by the results from area D and the areas 

caged in 1969. 

Measurements of spring and summer production were made in 

the paddock containing plot 3 to investigate the effects of 

severe pasture damage during autumn on the production in the 

subsequent spring and summer, plot 3 having been infested with 

over 1090 third-ins tar grass grubs per square metre in March, 

1970. Measurements of spring production in this plot are 

given in table 14-6. Total production expressed as a percen

tage of that in the undamaged areas was 77.7% for the areas 

which had been open during the previous autumn and winter and 

69.5% for the areas which had been caged from April to June, 

1970, when this paddock was stocked. Ryegrass, dogstail and 

clovers were much reduced in comparison to the undamaged areas 

but this was partly compensated by increased production of 

browntop and Yorkshire fog, especially the latter. There was 

a considerable amount of York~hire fog in this paddock, even 

in the undamaged areas,~., comparison with the results for 

undamaged areas in the paddock containing plot 1 (table 14-5) 

reveals a similar total production but less clover and more 

Yorkshire fog in the paddock containing plot 3. The miscell

aneous category was particularly high in the caged areas of 

plot 3 (table 14-6) owing to a large amount of hairgrass in 

these areas. 
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Table 14-5. Pasture production (kg.dm/ha./day) during spring 

(22/x/70 - 5/xi/70) in paddock containing 
Winchmore plot 1. 

Area 

Species Undamaged Area D Open Caged 1969 1969 
plot plot open caged 

areas areas 
--r-- --

lRyegrass and 
dogstai-l 18.3 16.8 26.6 19.5 24.3 15.4 

Clovers 11 .6 9.0 10.8 8.6 7.4 10.4 

Browntop and 
Yorkshire fog 6.3 12.7 5.1 2.5 5.7 12.2 

Miscellaneous 
(including 
cocksfoot) 

!Dead 

Total 

Table 14-6. 

4.1 2.0 1 .3 1.2 0.8 1 .4 

1.4 1 .9 1.0 1 .4 0.5 1.3 

41 .7 42.4 44.8 33.2 38.7 40.7 

Pasture production (kg.dm/ha./day) during spring 

(22/x/70-5/xi/70) in paddock containing Winchmore 
plot 3. 

Area 

Species Undamaged Open areas Caged areas 
--

Ryegrass and 19.3 6.4 3.2 dogstail I Clovers 7.6 1.4 1.1 
Browntop and 
Yorkshire fog 10.9 19.1 12.8 
iMiscellaneous 
(including 
cocksfoot) 2.1 2.6 9.0 

lDead 1 .4 2.6 2.6 

Total 41.3 32.1 28.7 
\ -

'."" ... -



364. 

Summer Production. 

Measurements of pasture production during the 1969-70 

summer (26/i/70 to 11/ii/70) in the paddock containing plot 1 

revealed a similar level of production in the open 0.3 acre 

plot (42.8 kg./ha./day), the caged 0.3 acre plot (42.7 kg./ 

ha./day) and areas which had been completely undamaged in the 

previous autumn (48.9 kg./ha./day). The results for the 

1970-71 summer for this paddock are shown in table 14-7. 

Total production was generally similar in all areas, although 

the figures from the 1969 caged and open areas were lower 

than those for the other areas. This is unlikely to be an 

effect of the previous autumn's grass grub damage since area 

D produced at a similar level to the open and caged plots 

and the undamaged areas. There were no marked differences in 

production of individual species between the open and caged 

plots and the undamaged areas but, as in the spring, ryegrass 

and dogstail production was less and browntop and Yorkshire 

fog (especially browntop) production greater in area D and in 

the 1969 caged and open areas than in the other areas. 

Summer production in the paddock containing plot 3 is 

shown in table 14-8. By this time the total production in the 

open areas had recovered to the same level as -that in the 

undamaged areas, but production in the caged areas was 68.1% 

of the latter. As in the spring, production of ryegrass and 

dogstail was less but production of browntop and Yorkshire 

fog (especially the latter) was greater in the open and caged 

areas than in the undamaged areas. Clover production in the 

open areas had recovered to the same level as in the un

damaged areas. 

Comparison of Results with Pasture Production Measurements 

at Winchmore Irrigation Research Station. 

The average measurements of total dry matter production 

are compared with measurements at the Winchmore Irrigation 

Research Station made by a similar technique in the same 
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Table 14-7. Pasture production {kg.dm/ha./day} during summer 

{3/i/71-11/ii/71} in paddock containing 

Winchmore plot 1. 

--
Area 

--
Species Undamaged Area D Open Caged 1969 1969 

plot plot open caged 
areas areas 

Ryegrass and 
dogstail 26.1 18.4 25.3 30.9 15.4 9.9 

Clovers 11.5 9.2 8.6 5.8 8.3 6.0 

Browntop and 
Yorkshire fog 2.5 10.4 5.0 0.8 7.8 14.0 

Miscellaneou~ 
{including 
cocksfoot} 2.8 3.4 1.9 6.1 1.3 2.7 

Dead 13.7 9.6 9.8 8.9 9.6 8.2 

Total 56.6 51.0 50.6 52.5 42.4 40.8 

Table 14-8. Pasture production {kg.dm/ha./day} during summer 

{3/i/71 to 11 /ii/71} in paddock containing 

Winchmore plot 3. 

--
Area 

Species Undamaged Open areas Caged areas 

Ryegrass and 
dogstail 15.5 8.6 4.3 

Clovers 8.8 9.8 3.9 

Browntop and 
Yorkshire fog 12.5 20.1 20.7 

Miscellaneous 
{including 

cocksfoot} 5.8 8.1 1.0 

Dead 5.1 3.2 2.6 

Total 47.7 49.8 32.5 

Table 14-9. Comparison of pasture production measurements 

{kg.dm/ha./day} in this study and at Winchmore 

Irrigation Research Station in same months. 

Season This study Month Research Station 

1970 1971 

Summer 44.8 (1970 ) Jan 57.5 45.0 

47.1 (1 971 ) Feb 41.6 45.1 

Autumn 45.1 Mar 49.8 

Apr 26.4 

Winter 5.7 Jul not available 

Aug 12.5 
Spring 41.6 Oct 42.0 

Nov 37.4 

--

- ' .• '- ....... -.. -<. -.-'.-.. -:.>:.:<--

'-'-.' 
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months (D. S. Rickard, pers. comm.) in table 14-9. The 

averages from this study in table 14-9 exclude the results 

from all areas which were significantly reduced by grass grub 

damage. The autumn results for the paddock containing 

Winchmore plot 1 were also excluded, as most of this growth 

took place in summer (January and February). The two sets of 

results are generally similar, although the autumn averages 

are not strictly comparable, since the results for this season 

are based on a 70-80 day cutting interval compared to a 14 day 

cutting interval for the Research Station results. Pasture 

production is often increased by increasing the interval be

tween successive defoliations (~., Brougham, 1959). 

The general similarity between the two sets of results 

shows that the pastures in the Winchmore study areas were 

producing at the level typical of good irrigated Canterbury 

pastures, i.e., of the order 10,000-12,000 kg.dry matter/ 

hectare/year (Rickard and Fitzgerald, 1970), except where 

they were damaged by grass grub. 

DISCUSSION 

Grass grub damage to irrigated Winchmore pastures is most 

apparent in the autumn, when pasture production in localised 

areas with third-instar grass grub populations of the order 

400-600 per square metre is reduced to about half that in 

uninfested areas, with the main reduction occurring in pro

duction of ryegrass, crested dogstail and clovers. The smaller 

decrease in autumn production in areas of plot 1 containing 

this density of grass grubs (table 14-1) resulted from the 

earlier clipping of this area, most of the pasture growth 

having occurred in late summer (January to early March) 

rather than autumn. These areas of moderately damaged pasture 

had partly recovered by late winter (July-August) and had 

completely recovered by late spring (October-November), spring 

and summer production being similar to that in areas which had 
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not been damaged in the previous autumn. This pasture re

covery tended to be accompanied by a shift in species com

position from ryegrass and dogstail to browntop and Yorkshire 

fog. By spring and 'summer the clover recovered completely 

in the moderately damaged areas (tables 14-5 and 14-7), par

ticularly white clover, a prostrate-growing, stoloniferous 

species which shows a marked ability to reoccupy autumn-damaged 

areas in these irrigated pastures during spring and summer 

growth. 

In' localised areas where the autumn grass grub population 

reaches or exceeds approximately 800-900 third-ins tar larvae 

per square metre severe pasture damage occurs, clovers being 

virtually eliminated and dead material comprising almost 50% 

of the total dry matter (table 14-2). The results from plot 

3 (tables 14-6 and 14-8) show that irrigated pasture has a 

remarkable capacity to recover from severe autumn grass grub 

damage in the following spring and summer, at least under 

the conditions of heavy bird predation and winter stocking. 

However, in this case the spring production was still about 

25% less than that of the undamaged areas. The increase in 

Yorkshire fog and browntop was not enough to compensate for 

the loss of ryegrass, dogstail and clovers, recovery of clovers 

in the uncaged areas of plot 3 being delayed until the fol

lowing summer. 

Thus irrigated Winchmore pastures can apparently 

recover completely from autumn grass grub damage by the fol

lowing spring, with an increase in production of browntop 

and Yorkshire fog compensating for a decrease in production 

of ryegrass and dogstail, providing the clovers have recovered 

by the spring, i.e., providing autumn damage is moderate but 

not severe. Other workers have found that browntop and York

shire fog, which are usually regarded as inferior, low pro

ducing species, can produce as well as improved ryegrass 

under some conditions (Jacques, 1962; Green, 1965; Round

Turner, 1970). 
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Although New Zealand's high producing pastures are based 

on improved ryegrasses and white clover they usually con

tain several unsown species and the effects of these on 

pasture and animal production are largely unknown. Vartha 

(1965) found that the inclusion of Poa trivialis in ryegrass 

-white clover pasture resulted in a marked change in botani

cal composition but had little effect on seasonal or annual 

herbage production under grazing. Palmer (1970) surveyed 

a wide variety of permanent improved ryegrass - white clover 

pastures in the North Island and found that other, largely 

unsown species, mainly Yorkshire fog, browntop, sweet vernal 

and Poa spp., formed a significant component of most of the 

swards, representing more than 20% of the total herbage yield 

in 76% of the pastures examined. He pointed out the need for 

research into the production of these volunteer species and 

their impact on animal production and farm ma~agement. The 

results of the present study suggest that the unsown species 

browntop and Yorkshire fog form an important component of 

irrigated Winchmore pastures prone to grass grub attack. As 

long as grass grub density in the autumn does not exceed a 

critical level in the range 600-900 per square metre, the 

pastures recover completely by the following spring, due to 

the recovery of clovers with an increase in browntop and York

shlre fog compensating for the decrease in ryegrass and crested 

dogstail. 

If autumn grass grub densities exceed 800-900 per square 

metre the pastures do not recover completely in the following 

spring, but may do so in the following summer, at least under 

the conditions of high starling predation and heavy winter 

stocking. The pasture in the caged areas of plot 3 did not 

recover by the following summer (table 14-8) which suggests 

that heavy winter stocking plays an important role in assis

ting pasture recovery by pushing damaged turf back in to en

courage re-rooting and by building up soil fertility. These 
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caged areas had been open during March and early April, when 

plot 3 was not grazed and heavy starling predation occurred 

(chapter 10) and were caged from April 10th to June 27th, when 

the plot was heavily stocked. The paddock containing plot 3 

was used as a runoff until July 9th and then closed to grazing 

until early spring. The caged areas therefore had only 12 

days of heavy winter stocking in 1970 (June 28th to July 9th), 

compared to 7-9 weeks for the open and undamaged areas. The 

failure of the pasture in the caged areas to recover by the 

following summer was probably as much due to the comparative 

lack of the beneficial effects of heavy winter stocking as to 

the higher survival of grass grubs where they were protected 

from starlings and sheep treading. 

Where pasture damage is only moderate the pasture recovers 

by the following summer even in the absence of heavy winter 

stocking and bird predation, as shown by the ~aged 0.3 acre 

plot (table 14-7), where stock and birds were excluded through

out the autumn and winter of 1970. The winter and spring pro

duction in the caged plot were less than in the open plot 

(tables 14-4 and 14-5) even though the latter had a larger 

initial grass grub population, undoubtedly because of the 

absence of winter stocking. Beneficial effects of stocking 

include the return of plant nutrients in animal manure, the 

removal of dead and senescent leaves by grazing allowing more 

light to reach photosynthetically responsive green tissue, and 

encouragement of root growth by treading, although stocking 

can also have harmful effects, ~., grazing may reduce the 

amount of photosynthesizing green leaf below an optimum value 

for regrowth and may cause the death of roots, while treading 

at high stocking rates and the resulting soil compaction may 

have detrimental effects on pasture growth (Edmond, 1966; 

Gradwell, 1966). As well as being unstocked, the caged plot 

was mown in late March, 1970 and the clippings were removed. 

The plot was grazed by ewes and lambs from early spring and 
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following summer. 
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The results from the caged areas of plot 3, which were 

subjected to heavy starling predation in March and early 

April before being caged, show that starling predation alone 

can not bring about the subsequent recovery of severely 

damaged turf. Heavy winter stocking may also be essential 

to ensure the recovery of moderately damaged turf. Irri

gation is also essential. No measurements of the production 

of non~irrigated pastures were made in this study, but it is 

clear from general observations that grass grub densities 

similar to those recorded in damaged patches at Lincoln and 

Weka Pass, i.e., 300-400 third-ins tar larvae per square metre, 

are sufficient to destroy non-irrigated Canterbury pasture, 

with no recovery in the spring. 

A rapid, visual survey of the paddock containing Winchmore 

plot 1, as described on p. 151, revealed that 12 of the 38 

2 chain by I chain plotlets (31.5%) showed moderate pasture 

damage in March, 1969 and 14 (36.8%) showed moderate damage 

in March, 1970, including the 12 which had been damaged in 1969. 

Grass grub therefore reduced autumn production of this paddock 

by approximately 3~ 10.0%, but the damaged areas recovered 

by the following spring. A survey of three other paddocks on 

the same property in March, 1970 revealed that 10-20% of each 

paddock was moderately or severely damaged. The significance 

of this loss in production is discussed in chapter 16. 
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CHAPTER 15 

POPULATION DYNAMICS OF GRASS GRUB 

In this cbapter the results of life table studies and 

investigations of fecundity and the mortality caused by 

such agents as invertebrate predators, disease and larval 

combat will be presented and discussed, followed by an ana

lysis of density relationships and a concluding account of 

the life system of Q. zealandica in Canterbury. 

LIFE TABLES 

Life tables for the grass grub population of the Lincoln 

plot are presented in tables 15-1 and 15-2 with the corres

ponding survivorship curves in fig. 15-1. These life tables 

were complicated by approximately t of both ~he 1968-69 and 

1969-70 generations entering a two-year life cycle because 

of autumn droughts. The two-year third-ins tar larvae present 

at the times of the egg and first-instar samples of the 1969-

70 generation (table 15-2) represented grubs from the 1968-
69 generation which had entered a two-year life cycle. By 

the time of the second-instar sample of the 1969-70 generation 

it was no longer possible to distinguish one-year grubs (some 

of which had entered the third instar by this time) from two

year grubs. Two-year grubs present at subsequent points of 

the life table in table 15-2 represent grubs of the 1969-70 

generation which entered a two-year life cycle. The third

instar population densities which were based on exclusion 

samples were calculated by assuming that the proportion of 

the population in the damaged stratum was the same as in the 

second-instar sample (see appendix XXVI). 

The major difference between the two years was the higher 

mortality of first and second-instar larvae in the 1968-69 

generation, when population density was higher and there was 
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Table 15-1. Life table for 1968-69 grass grub generation 

at Lincoln plot. 2Y = 2-year grubs; other 

symbols as in table 10-16 (p.187). N~ expressed 

as grass grubs/sq.m. 

x Nx Mx 100M/N Sx - - -

Egg 325.01 22.82 7.0 0.930 

--
1st-instar larva 302.19 87.82 29.1 0.709 

2nd-ins tar larva 214.37 69.81 32.5 0.675 

--
3rd-instar larva 109.28 44.65 
2nd-ins tar larva 

(2Y) 35.28 9.99 

Total 144.56 54.64 37.8 0.622 

Late 3rd-instar 
larva 64.63 -6.79 

2nd-ins tar larva 

" 
(2Y) 25.29 8.52 

Total 89.92 1. 73 1.9 0.981 

Pupa 71 .42 
2nd and 3rd-instar 

(2Y) J 16.77 

Total 88.19 

Generation survival rate (egg to pupa) = 0.272. 

Egg population of 1969-70 generation = 105.09, plus an 

extra 12.09 2Y 3rd-instar larvae; total popn. = 117.18. 

Index of population trend = 36.0% (egg to total); 32.3% 

(egg to egg). 
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Table 15-2. Life table for 1969-70 grass grub generation at 

Lincoln plot. Symbols as in table 15-1. 

x Nx Mx 100 MIN SX - - -

Egg 105.09 36.87 
3rd-instar larva 

(2Y) 12.09 --- 3.34 

Total 117.18 40.21 34.3 0.657 

1st-instar larva 68.22 
3rd-instar larva 8.75 

(2Y) 

Total 76.97 11 .47 14.9 0.851 

2nd...:. ins tar larva 65.50 2.23 3.4 0.966 

3rd-instar larva 50.57 19.86 
2nd-instar larva 

(2Y) 12.70 6.78 
Total 63.27 26.64 42.1 0.579 

.-~. 

Late 3rd-instar larva 30.71 3.70 
2nd-instar larva 

(2Y) 5.92 ....;0.25 

Total 36.63 3.45 9.4 0.906 

Pupa 27.01 

2nd and 3rd-instar 
(2Y) 6.17 

Total 33.18 

Generation survival rate (egg to pupa) = 0.284. 

Egg population of 1970-71 generation = 110.15, plus an 

extra 4.19 2Y 3rd-instar larvae; total = 114.34. 

Index of popn. trend = 97.5% (total to total) ; 104.8% 

(egg to egg). 

.-
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a more severe drought. The survivorship curves follow a 

concave pattern, with mortality highest in the initial stages 

of the life cycle and lowest in the pupal stage. This is 

most obvious for the 1968-69 generation, when the severe 

autumn drought probably caused considerable larval mortality, 

either by directly desiccating larvae or by causing failure 

of the food supply which resulted in increased larval combat. 

In years with more normal rainfall the survivorship curve 

may be only slightly concave, as evidenced by the 1969-70 

Linc0ln grass grub generation and also by the same generation 

in the caged 0.3 acre irrigated plot at Winchmore (fig.10-2, 

p.188), i.e., mortality tends to be fairly evenly distributed 

within the life cycle, as found by Kelsey (1970) for labora

tory populations (table 1-1, p.495). This agrees with the 

ideas of Ito (1959, 1961) who showed that insects which lay 

large numbers of eggs, ~., many leaf-feeding Lepidoptera, 

tend to have highly concave survivorship curves with heavy 

mortality of eggs and young larvae through density-indepen

dent agents such as unfavourable weather and failure of 

development to be synchronized with that of the host plant. 

The numbers of such insects often fluctuate irregularly with 

great amplitude. In contrast, insects which lay a small 

number of well-protected eggs may tend to have convex rather 

than concave survivorship curves ~nd show much more restricted 

population fluctuations, with density dependent mortalities 

often important. 

Costelytra zealandica falls 

it lays its eggs relatively deep 

from extremes of temperature and 

dwelling predators. The absence 

into the latter category, as), 

in the soil, protecting them 

moisture and from surface , 

of high, density independent 

mortalities in the early stages of the life cycle allows grass 

grub populations to steadily buil'd up to the level where they 

destroy their food supply, with population regulation brought 

about by intraspecific competition for food, as described in 
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appendix I. In the Winchmore high predation area the stage 

which suffers the heaviest mortality is the overwintering third

ins tar larva, as shown by the results for the open plot (fig. 

10-2, p. 1 88) • 

The indioes of population trend in the Lincoln life 

tables revealed a marked decline in the population in the 

1968-69 generation, with the population remaining approxi

mately constant in the 1969-70 generation. These effects 

resulted from part of the population entering a two-year life 

cycle in each generation, and also from the effects of drought 

on oviposition in 1969, as described in the next section. 

FECUNDITY 

The results of measurements of the fecundity of captive 

females, which were described on p. 102, are summarized in 

table 15-3. The data is presented in appendix XXVII. None 

of the females collected from Winchmore plot 1 in 1969 laid 

more than two clusters of eggs, but otherwise the results were 

very similar. for the irrigated and non-irrigated plots, in 

terms of body weight, longevity and number of eggs laid. The 

1970 results for W.inchmore plot 1 were obtained by pooling 

the results for the caged and open 0.3 acre plots, since there 

were no marked differences between the females collected from 

these two plots. The proportion of the total eggs laid in the 

first cluster ranged from 72.6% to 86.4% for a given plot and 

year. 

Correlations between the total number of eggs laid, the 

number laid in individual clusters, the total number of clus

ters, body weight and longevity were examined by calculating 

partial correlation coefficients, which are given in appendix 

XXVII. The total number of eggs tended to be positively corre

lated with body weight and with longevity. The number of 

clusters laid was sometimes significantly correlated with 

longevity but never with body weight. There was never a . 

~ .. " ... ":'.-.- -'.-.-.-.'-;.-.'.- . 



Table 15-3. Measurements of fecundity of captive females. 

Plot Winchmore plot 1 

Year 1969 1970 

No. females 38 51 
Average Range Average Range 

Total no. eggs 25.2 0-47 25.7 0-41 

No. clusters 1.5 0-2 1.9 0-3 

No.eggs in 1st 
cluster 22.0 10-32 20.3 3-35 

No.eggs in 2nd 
cluster 7.5 1-15 7.5 1-15 

No.eggs in 3rd 
cluster - - 4.2 1-9 

Weight at mating 
(g.) 0.092 0.056-0.128 0.089 0.059-0.125 

Longevity (days 
after mating) 20.4 11-24 18.9 11-32 

%age laying 0 
clusters 5.3 7.8 

%age laying 1 
cluster 36.8 11.7 

%age laying 2 
clusters 57.9 56.9 

%age laying 3 
clusters 0.0 23.5 

- --

Lincoln 

1969 

20 
Average Range 

19.9 0-40 

1.4 0-3 

18.1 10-32 

7.4 4-13 

1.0 -
0.089 0.066-0.122 

18.4 10-24 

5.0 

60.0 

25.0 

10.0 

1970 

14 

Average Range 

25.4 9-36 
1.8 1-3 

20.1 9-30 

7.3 2-12 

4.0 -
0.088 0.067-0.124 

19.4 12-32 

0.0 

35.7 

50.0 

14.3 

I..> 
~ 
0' 

I 

<-
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/. 
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significant correlation between body weight and longevity 

in the Winchmore results but this partial correlation was 

sometimes significant in the Lincoln analyses, where the 

smaller sample size gave a greater chance of spurious corre

lation. The number of eggs in the first cluster was some

times positively correlated with body weight but never with 

longevity, while the sizes of the second and third clusters 

were not usually significantly correlated with weight or 

longevity. 

There was therefore a general tendency for heavier females 

to lay a larger first cluster but not to live longer or lay 

larger second and third clusters, although there was still a 

tendency for the total number of eggs laid to be positively 

correlated with body weight, since most of the eggs were con

tained in the first cluster. The similarity in egg production 

and female body weights between plots and yecrs suggest that 

variations in potential fecundity have little effect on grass 

grub populations, although different results may have been 

obtained if females had been collected from an area of severely 

damaged pasture. 

The actual fecundities, calculated by dividing egg den

sity by the preceding density of adult females, are compared 

to the fecundities of captive females in table 15-4. In cal

culating th,e results for the Lincoln plot a 10% pupal mor

tality was assumed; the assumption of no pupal mortality 

scarcely affects the results. It appears that the actual 

fecundity under field conditions is usually about 9-13 eggs 

per female, ~., R is about 30-50%, the remainder of the 

potential fecundity being unlaid due to mortality and/or 

emigration of females. Information presented by Fenemore and 

Perrott (1970, figs.2-4) also suggests an actual fecundity 

of the order 6-12 eggs per adult female. The low actual 

fecundity at the Lincoln plot in 1969 was apparently a result 

of the drought which occurred during the flight season of that 
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year, which affected the flight behaviour of the females 

(p.328) as well as their oviposition. Some egg canni

balism may have occurred, as Kelsey (1970) found that adult 

females ate their eggs under very dry soil conditions in 

the absence of food. 

Table 15-4. Actual fecundities observed in the field and 

fecundities observed in captive females. 

Plot and year 

_. 
Winchmore 
open plot, 
1970 

Winchmore 
caged plot, 
1970 

Lincoln,1969 

Lincoln, 1970 

R = actual fecundity/fecundity of captive 

females. 

No. teneral Proporti~n No.eggs Actual Eggs/ 
adults or females /m~ fecun- cap-
pu~ae dity tive 
7m. (eggs/ fe-

female}male 

111 .94 0.423 545.59 11 .52 24.71 

163.61 0.446 1011.53 12.65 26.70 

71 .42 0.518 105.09 3.15 19.90 

27.01 0.500 110.15 9.06 25.43 

--

R(%} 

46.6 

47.4 

15.8 

35.6 

This reduction in actual fecundity accounted for the 

marked population decline in the Lincoln plot from the 1968-

,69 generation to the 1969-70 generation. If the actual 

fecundity in 1969 had been about 10 eggs per female, an egg 

population of about 330 per square metre would have been pro

duced, similar to that of 1968 (table 15-1), i.e., the index 

of population trend would have been approximately 100%, as in 

the life table for the next generation (table 15-2). The 

autumn droughts of 1969 and 1970 were responsible for reducing 

this population trend to unity, by causing t of the population 
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I·-·-·--~·· 

to:. 

- - ~ - •• • <' -



379. 

to enter a two-year life cycle. If there had been no autumn 

drought in 1969 and only a very small proportion of the 

population had entered a two-year cycle, and if total gener

ation mortality had followed the pattern in table 15-1 and 

actual fecundity had been 10 eggs per female, an egg popu

lation of approximately 450 per square metre would have been 

produced in 1969, giving an index of population trend of 

138%, similar to that recorded by Kelsey for grass grub popu

lations of this size, i.e., about 140-150 third-ins tar larvae 

per ;quare metre (table 1-2, p.496). Similar calculations, 

for the 1969-70 generation (table 15-2) give ~ projected in

dex of population trend of approximately 160% in the absence 

of autumn drought, a little below Kelsey's average for popu

lations of this size. 

Hence it appears that severe autumn drought reduces the 

rate of increase of grass grub populations by causing a con

siderable proportion of the population to enter a two-year 

life cycle, which increases their chance of death before 

reaching adulthood (fig.15-1) and results in a decreased egg 

population in the subsequent generation, while drought during 

the adult flight season seriously impairs oviposition, bring

ing about a marked population decline. 

MORTALITY FACTORS 

Invertebrate Predation 

Feeding experiments. The results of quantitative feeding 

tests with invertebrate predators, which were described on 

p. 96, are shown in tables 15-5 and 15-6. The data are pre

sented in appendix XXVIII. The average number of grass grubs 

eaten per predator per day was calculated by dividing the 

total number eaten in all trials ,involving that predator species 

by the total number of days in all trials. No corrections 

were made for controls, which contained no predators, since 
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mortality of grass grubs in these was generally slight. 

The centipede Zelanion morbosus was an active predator 

of eggs and first-instar larvae under insectary conditions 

and also killed second-instar larvae occasionally, but did 

not prey on third-ins tar larvae. Z. morbosus is a long, 

slender centipede up to 50mm. in length. The geophilid 

centipedes are typically long and worm-like and are special

ised for burrowing through soil (Cloudsley-Thompson, 1958). 

Consumption of grass grub eggs and first-instar larvae by 

z. morbosus was less when alternative prey (earthworms) were 

present. 

Adults of the staphylinid Leptacinus labralis ate no eggs 

and few first-instar larvae. This small staphylinid, which 

is about 10mm. long, readily consumed eggs and first-instar 

larvae in petrie dishes, but did not burrow as readily as 

~. ~bos~. L. labralis adults were never found at depths 

greater than 2in. in field samples and were usually in the 

top t inch of turf. Hence this predator would make little 

contact with grass grub eggs and first-instar larvae in the 

field, and a similar situation may have applied in the insec

tary feeding experiments, since eggs and first-instar larvae 

were seeded into the pots of soil at depths greater than 2in. 

and the predators were released on to the soil surface. In 

contrast, ~. morbosus was often found at depths of down to 8in. 

in field samples. 

Carabid and tabanid larvae were voracious predators of 

third-ins tar grass grubs under insectary conditions (table 

15-6). Elaterid larvae consumed approximately half as many 

grass grubs. Elaterids may be partly phytophagous under 

field conditions, but they were twice observed feeding on 

apparently freshly killed third-ins tar grass grubs in the 

field at Weka Pass, where an asilid larva was similarly ob

served on one occasion. The performance of asilids as pre

dators in the insectary was relatively poor, as was also 



Table 15-5. Consumption of eggs and first-instar larvae by predators 

in insectary feeding experiments. 

!Predator Stage Average no.grass grubs killed per predator per day 

No alternative prey Alternative prey present 

Zelanion morbosus 
I(Chilopoda:Geophilidae) egg 0.483 0.125 

eptacinus labralis 
(Coleoptera: 

Staphylinidae) egg 0.000 0.000 

~. morbosus 1st-instar 0.390 0.159 

!:!. labralis 1st-instar 0.080 0.040 

elaterid larvae 
(Coleoptera: 

Elateridae) 1st-instar 1.772 -
L-. 

. Table 15-6. Consumption of second and third-ins tar grass grubs by predators 

in insectary feeding experiments. 

Predator Stage Av.no.grubs killed/predator/day 

~. morbosus 2nd-ins tar 0.040 

~. labralis 2nd-ins tar 0.000 

~. morbosus 3rd-instar 0.000 

~. labralis 3rd-instar 0.000 

elaterid larvae 3rd-instar 0.141 
asilid larvae (Diptera:Asilidae) 3rd-instar 0.017 
Ectenopsis lutulenta (Diptera: 

Tabanidae)larvae. 3rd-instar 0.285 

Metaglymma monilifer (Coleoptera: 
Carabidae)larvae. 3rd-instar 0.305 

--- -- --
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found by Kelsey (1951) and Blac~man (1968). 

Predator numbers. Counts of predators made while ex

tracting grass grubs from soil samples are given in appendix 

XXVIII. The average densities of Z. morb~~ and 1. labralis 

adults are given in table 15-7. ~. morbosus was very abun

dant in both the Lincoln and Winchmore plots, occurring at 

densities of 30-45 per square metre throughout the period 

that populations were sampled (only specimens 20mm. or more 

in length were counted). The centipede populations were 

appar~ntly fairly constant throughout the pe~iod sampled. 

Eggs and young were found in spring and summer (October -

January), usually in a cluster guarded by an adult. 

The density of adults of the staphylinid 1. labralis 

increased markedly in late summer (February) at the time of 

the second-instar grass grub samples, numbers reaching a 

higher level in the Lincoln plot than at Winchmore. Fully 

grown larvae of L. labralis were only found during December 

and January, and this species is apparently univoltine, over

wintering in the adult stage and probably laying eggs in the 

spring. 

Larger predators occurred in relatively small numbers 

(table 15-8). Confidence intervals were not calculated for 

these estimates because of the low numbers involved. Elaterid 

larvae occurred throughout the year at a density of about 1 

per square metre at Lincoln and were present in smaller num

bers at Winchmore and relatively abundant at Weka Pass. Asi

lids were also common at Weka Pass, but were much less common 

at Winchmore and were not recorded at Lincoln. Larvae of the 

tabanid Ectenopsis lutulenta were present at about 0.5 per 

square metre at Winchmoreplot 1 in the autumn and winter 

of 1969 and were present in smaller numbers in the other 

Winchmore plots and at Lincoln, but were not recorded at 

Weka Pass. The single specimen reared through to the adult 

stage pupated and emerged in the spring. It is possible that 
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Table 15-7. Abundance (mean and 95% confidence interval) of 

the centipede ~. morbosus and adults of the 

staphylinid L. labralis, expressed as numbers 

1m2
• 

-
Grass grub population z. morbosus L. labralis - -sample 

Lincoln 

1968 egg 33.92 4.94 

1969 1'st-instar 34.94 + 9.70 4.11 + 3.18 - -
1969 2nd-instar 30.49 + 7.74 18.50 + 2.22 -
1969 late 3rd-instar 34.83 + 8.62 12.73 + 9.26 - -
1969 egg 40.28 0.62 

1970 1st-instar 44.43 ±13.72 2.80 + 2.86 -
1970 2nd-ins tar 33.57 ± 8.16 12.13 + 5.04 -

Winchmore °Een Elot 

1969 egg 46.90 3.45 

1970 early 3rd-instar 33.83 7.17 + 5.52 -

Winchmore caged Elot 

1969 egg 46.30 1 .71 

1970 early 3rd-instar 30.24 5.12 + 4.30 -

other species beside ~. lutulenta were present. Larvae and 

adults of the large black carabid Metaglymma monilifer were 

present in the Lincoln plot at a density of approximately 

1-2 per square metre throughout autumn and winter. Specimens 

reared through to the adult stage pupated and emerged in the 

spring, while eggs of this species were found in the field in 

spring and early summer (November-December) and small larvae 

in summer (December-February). Carabids were rarer at Winch

more, where the large greenish black species Megadromus 

_. -- " -.--'.- .:-:->_.; .. -- --. --
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Table 15-8. Abundance of larger invertebrate predators in 
2 study plots, expressed as average no./m . 

I· :.:~~~~=:,~, .<. 
Gras" grub p0pn. Elaterid Asilid Tabanid Carabid 
sample larvae larvae larvae larvae and i-. :'. 

adults 

I,incoln 

1968 egg 0.61 

1969 1st-instal' 2.05 2.05 

1969 2nd-instal' 0.68 1.03 

1969 3rd-instar 0.51 0.51 1. 54 

1969 late 3rd-instar 1.37 0.33 ., .. , 

1969 pupa 2.53 

1969 egg 0.61 0.31 
. 1970 1st-instal' 1.22 3.07 

1970 2nd-ins tar 0.38 1. 54 

1970 3rd-instar 0.51 1. 54 

1970 late 3rd-instar 1. 54 

1970 pupa 1.23 0.61 

1970 egg 0.92 0.31 

Winchmore ]2lot 1 

1969 3rd-instar 0.17 0.17 0.71 

1969 late 3rd-instar 0.17 0.35 0.35 0.17 

1969 teneral adult 0.27 

Winchmore o]2en ]2lot 

1969 egg 

1970 3rd-instar 

1970 late 3rd-instar 0.35 

1970 teneral adult 

1970 egg 0.24 

Winchmore caged ]2lot 

1969 egg 0.28 

1970 3rd-instar 0.51 

1970 late 3rd-instar 0.35 

1970 teneral adult 

1970 egg 0.24 

Winchmore ]2lot 2 

1969 3rd-instar 0.35 

1969 teneral adult 0.35 

Winchmore ]2lot 3 

1970 3rd-instar 
(March) 0.33 

1970 3rd-instar 
(April) 0.22 

1970 3rd-instar 
(June) 

Weka Pass 

1969 3rd-instar 7.71 7.71 

1969 late 3rd-instar 3.08 4.62 
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antarcticus was also present, and were not recorded from 

Weka Pass. 
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~ussion. The abundance of centipedes makes them po

tentially very important predators of grass grub eggs and 

first-instar larvae, especially as Z. morbosus ranges down 

to soil depths of 6-8in. The feeding rates of predators 

measured in insectary feeding trials can probably be regarded 

as ma~imum potential consumption under field conditions, as 

discussed on p. 98. Assuming a centipede population of 30 

per square metre, a feeding rate of 0.14 eggs and first-instar 
2 larvae per centipede per day (table 15-5) and that 3 of the 

centipedes occur at depths of 2-8in., where eggs and first

instar larvae are concentrated, a reasonable assumption in 

the light of observations of the vertical distribution of 

centipedes, then the potential consumption of grass grubs by 
2 2 

Z. morbosus would be 30 x 0.14 x '3 = 2.80/LI.;day. In com-

parison the observed mortality rates of eggs and first-instar 

larvae at Lincoln were as follows: 

Period No.of da~s No.d~ingLm~ No.d~ingLm~Lda.;y 
11/xii/68-5/i/69 26 22.82 0.877 

6/i/69-28/ii/69 54 87.82 1 .626 

8/xii/69-12/i/70 36 36.87 1 .024 

13/i/70-22/ii/70 41 11. 47 0.279 

The observed mortality rates are well below the potential 

consumption by ~. morbosus. The actual consumption of grass 

grub eggs and first-ins tar larvae by centipedes in the field 

is well below that recorded in the insectary, possibly because 

more searching is required to find grass grubs in the field 
I 

and because of the buffering effects qf alternative prey. 

Earthworms, weevil larvae and pupae and Collembola were all 

abundant in the Lincoln plot while grass grub eggs and first-

instar larvae were present. J. Kelsey (pers.comm.) has 
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observed centipedes consuming earthworms many times their 

own size in the field and considers that earthworms are the 

principal prey of ~. ~~. In this study earthworms were 

often observed to give a violent, wriggling, defensive action 

when touched by a centipede. There was no obvious tendency 

for centipede density to be greater in the damaged stratum, 

where virtually all of the grass grub eggs and first-instar 

larvae occurred, than in the rest of the plot, which suggests 

that grass grubs were not a highly favoured prey. 

Although staphylinid adults will consume grass grub eggs 

and first-ins tar larvae when they can obtain them, they are 

probably only minor predators, since 1. labralis adults were 

not found at depths of greater than 2in. and were not present 

in peak numbers until the grass grubs had entered the second 

instar and were therefore safe from attack by staphylinids 

(table 15-6). Final instar larvae of L. labralis were present 

during December and January but appeared to occur entirely 

in the upper 1in. of turf and did not kill grass grub eggs 

or first-instar larvae in qualitative feeding ~ests. 

Larger predators such as elaterid larvae and small cara

bid larvae probably destroy some eggs and first-instar grass 

grubs, but these predators may not occur in sufficient numbers 

to have much effect over the relatively short period for 

which eggs and first-instar larvae are present. The situation 

may be different with second and third-instar larvae, which 

are present for longer periods. Concentrating on third-instar 

larvae, the stage used in all quantitative feeding experiments 

with larger predators, and using the feeding rates in table 

15-6, the potential consumption of grass grubs can be calcu

lated. For example, assuming populations of 0.2 elaterids, 

0.2 asilids, 0.2 carabids and 0.5 tabanids per square metre 

at Winchmore plot 1 in 1969 (cf. table 15-8), the total po

tential consumption of third-instar larvae over the 112-day 

period from March 13th to July 2nd would be approximately 
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0.230/m~/day, compared to the observed mortality rate of 

0.601/m. 2/day in the caged areas over this period. Similar 

calculations for other Winchmore plots where starling predation 

was insignificant gave the following results: at plot 2 

(1969), assuming 0.3 elaterids and 0.3 tabanids /m~, potential 

consumption of grass grubs from March to November was 0.12/m~/ 
day compared to an observed mortality of 1.015/m~/day; at the 

caged plot (1970), assuming 0.3 elaterids and 0.5 tabanids/m~, 
potential consumption from March to July was 0.18/m~/day com

pared "to an observed mortality of 0.619/m~/ day; at caged 

areas of plot 3, assuming 0.3 elaterids and 0.2 tabanids/m~, 
pot~ntial consumption was, 0.10/m~/day compared to observed 

mortalities of 4.448/m~/day (March to April) and 1.269/m.
2

/ 

day (April to June). In general, invertebrate predators appear 

to have accounted for only a minor proportion of the observed 

mortality of third-instar larvae at Winchmor~, especially as the 

actual consumption was probably well below the calculated po

tential consumption. 

At Lincoln the observed mortalities of third-ins tar lar

vae (April to August) were 0.362/m~/day in 1969 and 0.194/ 

m~/day in 1970. Assuming a predator population of 0.5 elater

ids, 1.0 carabid and 0.5 tabanids /m~ in each year gives a 

potential consumption of 0.51/m~/day, well in excess of the 

observed mortality rates. The relatively large predator popu

lation of this plot may have accounted for a major part of the 

observed mortality of third-ins tar larvae, particularly as 

the most abundant predators were voracious carabids. Never

theless, this predation was not enough to prevent a population 

increase of grass grub, which was only prevented by the effects 

of autumn and spring drought, as discussed above. 

At Weka Pass there was a population of approximately 0.5 

elaterids and 0.5 asilids/m~, giving a potential consumption 

of 0.79 third-ins tar larvae/m~/day from April to August, com

pared to an observed mortality of 2.0~/m~/day. It appears 
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that larger invertebrate predators were not abundant enough 

in any of the study plots to prevent grass grub population 

increases, although they may have reduced the extent of the 

increase where they were unusually abundant, ~., at Lincoln. 

Disease 

The proportions of diseased grass grubs found in pheno

logy and population samples at Winchmore plot 1 are shown in 

table 15-9. No diseased eggs were found. The percentage 

of larvae showing obvious symptoms of milky disease (Bacillus 

sp.) ieached a peak at 9-12% in, the second instar. Milky 

disease also accounted for 4-7% of third-ins tar larvae. The 

proportion of third-instar larvae infected with both milky 

and rickettsial diseases appeared to reach a peak early in 

the third instar (March-April) with very few subsequent fresh 

infections, since healthy larvae collected after this time 

and reared in the insectary rarely developed symptoms of these 

diseases. Rickettsial infections reached a peak in the third 

instar, accounting for 6-8% of the population. Thus milky 

and rickettsial diseases may have killed 10-15% of the third

instar larvae in plot 1, which represents a large part of the 

10-20% mortality recorded in caged areas of this plot. At 

Winchmore plot 3, where the density of third-ins tar larvae 

was very high, the percentage infected with rickettsial 

and milky diseases, respectively, were 10.2% and 1.7% in March 

and 6.4% and 0.9% in April. 

Fungus diseases (Beauveria sp. and Metarrhizium sp.) 

accounted for a small proportion of third-ins tar larvae, pre

pupae and pupae. This mortality probably comprised a consider

able part of the low total mortality of prepupae and pupae. 

At the Lincoln plot only one milky-diseased larva was 

ever found and rickettsial-diseased specimens were also ex

tremely rare. This was presumably a result of the dry summers 

and autumns at this non-irrigated plot. The number of fungus-

killed cadavers reached slightly higher proportions of the 
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Table 15-9. Percentages of diseased grubs in phenology and 

population samples at Winchmore plot 1. 

Date of 
sample 

28/xii/68 

11/i/69 

5/ii/69 

20/ii/69 

10/iii/69 

13+14/iii/ 
69 

27/iii/69 

9/iv/69 

20/iv/69 

3/v/69 

18/v/69 

3/vi/69 

16/vi/69 

29/vi/69 

2+3/vii/69 

14/vii/69 

25/vii/69 

8/viii/69 

19/viii/69 

15/ix/69 

2/x/69 

14/x/69 

22/x/69 

3/xi/69 

6+7/xi/69 

7/xii/69 

24/xii/69 

15/i/70 
5/ii/70 

19/ii/70 

6/iii/70 

19-21/iii/ 
70 

31/iii/70 

10/iv/70 

27/iv/70 

14/v/70 

30/v/70 

22/vi/70 

No. Predomi- Percentage infected with 
inspected nant 

stage 
milky rickett- fungus 

109 

116 

94 

96 

80 

3237 

59 

68 

57 

66 

52 

59 

50 

55 

328 

50 

54 

52 

49 

51 

51 

56 

48 

51 

290 

105 

126 

142 

99 

81 

70 

1643 

85 

60 

42 

59 

50 

50 

disease sial 

lst-instar 

lst-instar 4.3 

2nd-ins tar 11.7 1.1 

3rd-instar 8.3 

3rd-instar 2.5 3.7 

3rd-instar 2.3 5.3 

3rd-instar 1.7 3.4 

3rd-instar 4.4 5.9 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instal' 

4.5 

1.7 

2.0 

1.5 

3rd-instar 2.0 

3rd-instar 

3l'd-instal' 

3l'd-instar 

3l'd-instal' 

2.0 

prepupa 

pl'epupa 

pupa 

adult 

adult 

1st-instal' 

lst-instar 

lst-instar 

2nd-ins tar 

3rd-instar 

3rd-instar 

2.8 

9.1 

4.9 

7.1 

3.6 

2.4 

2.4 

4.0 

3.5 

1.5 

1.7 

2.0 

1.8 

1.9 

0.3 

2.5 

4.3 

7.8 

5.9 

5.0 

2.4 

1.7 

1.9 

1.9 

1.7 

15-17/vii/70 460 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

3rd-instar 

1 .1 1.9 

1/viii/70 

20/viii/70 

5/ix/70 

30/ix/70 

15/x/70 

28/x/70 

3/xi/70 

50 

52 

50 

50 

54 

50 

157 

3rd-instar 

prepupa 

pupa 

adult 

adult 

2.0 

1.8 

0.6 
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prepupal and pupal populations than at Winchmore, with a 

peak of 5.1% for the 1970 pupal sample. 

Larval Combat 

The results of experiments in which third-ins tar larvae 

were seeded into wooden seed-trays of turf to investigate 

the interaction between combat and dispersal, as described 

on p. 101, are given in appendix XXIX and summarized in 

table 15-10. 

The results will be described with reference to fig.15-2. 

AII'of the larvae were seeded into the nine central squares, 

area S, at one of two densities, 15 or 31 larvae, and one of 

two food levels, high (turf in all squares) or low (turf only 

in the 10 squares indicated, with soil in the remainder). 

Area I represents the two-inch wide border around area S. 

Table 15-10. Results of larval combat experiments (see text 

and fig.15-2). 

Food Av. %age %age of final total iJ %age in squares con-
level mortality tainin~ turf 

area S area I initial final 

--
High 9.3 37.2 _ 38.1 100.0 100.0 

Low 35.7 32.2 27.4 13.3 53.2 

Over the 28-day period that the experiments were run, mortality 

was much higher at the low food level than at the high food 

level. Within a food level mortality was not consistently 

related to initial density. Both densities represent very 

high populations, 15 third-instar larvae in area S correspon

ding to 645.8 per square metre within this 6in. square, and 

31 corresponding to 1334.7 per square metre, the larvae being 

restricted to the top 2in. At the high food level 75.3% of 

the final population was in areas S and I, on average (range: 
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FIG.15-2. SUBDIVISION OF WOODEN SEED-TRAYS IN LARVAL COMBAT 

EXPERIMENTS. 
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50 to over 90%), while at the low food level an average of 

59.6% of the final population was in areas S and I (range: 

28 to 87%), reflecting a greater outward movement of larvae 

in the low food treatment. Over half of the final popu

lation at the low food level were in squares containing 

turf, which comprised 15.9% of the box area, and in all of 

these experiments at least one larva was found in the squares 

containing turf which were furthest from area S, i.e., 

squares 3 and 5. In contrast, larvae were found in squares 

3 and' 5 in only two of the six experiments at the high fo()d 

level. 

The higher mortality in the low food situation apparently 

resulted from the greater movement of larvae in search of 

food and the congregation of larvae around the few squares 

containing turf,which would increase the number of contacts 

between larvae and hence the number of deaths through larval 

combat. At the high food level the small pocket of high lar

val density in area S was able to spread out into the surr

ounding turf with little combat mortality. In all of the 

controls the single grass grub which had been seeded into 

square 32 was recovered alive. In the five controls at the 

high food level, two grubs were still in square 32 with one 

each in squares 24, 31 and 39. In the five controls at the 

low food level, four grubs were found in square 33 and one 

in square 37. Hence it appears that third-ins tar larvae do 

not generally disperse laterally any further than necessary 

to obtain food, in the absence of aggressive interactions 

with other larvae. 

To conclude, larval combat among third-instar grass 

grubs is most severe at high population densities under con

ditions of food shortage, as when the pasture is severely 

damaged. Whether grass grubs become more aggressive when 

stressed by food shortage, as reported by Istock (1966) in 

whirligig beetle larvae, as well as moving more is not known. 
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Failure of Eggs to Hatch and Adults to Eclose 

The proportion of eggs which failed to hatch was always 

low, ranging from 2.7% to 7.0%. The proportion of adults 

which failed to eciose was very small in the field, com

prising 0.0-0.9% of the population in teneral adult samples 

at Winchmore and causing a similar mortality at Lincoln. 

DENSITY RELATIONSHIPS OF GRASS GRUB MORTALITIES 

The density relationships of grass grub mortalities 

measur"ed in exclusion studies at Winchmore were investigated 

by plotting the ~-values of the mortalities against the 

logarithm of the densities on which they acted (Varley and 

Gradwell, 1960, 1968, 1970). To increase the number of points 

in the regressions the results from each individual 12ft. 

by 6ft. exclusion area and from each 1 chain by t chain plot

let within the open and caged 0.3 acre plots were treated 

as replicates. This introduces a degree of approximation in

to the analysis, but strong density relationships should 

nevertheless be apparent. The preliminary na~ure of this 

analysis did not allow proofs of density dependence to be 

made, ~., by plotting log. initial density against log. 

final density. 

The results of these analyses are presented in fig. 15-

3. The data are summarized in appendix XXX. The grass grub 

generation is split into three parts : K = ~1 + ~2 + ~3' 
where ~1 represents mortality from eggs to third-instar lar

vae. (late November-March), ~2 represents mortality of third

instar larvae during autumn and winter (March-July), ~3 re

presents mortality from late third-instar larvae to taneral 

adults (July-November) and K represents total generation 

mortality. The slopes of the regression lines for ~1' ~2 

(caged areas), ~3' ~2 + ~3 (caged areas) and K (caged areas) 

do not differ significantly from zero, suggesting that these 



--".: :. ',-. 

393. 

FIG. 15-3. TESTS FOR DENSITY RELATIONSHIPS (IRRIGATED PASTURE). PLOTS OF 
k-VALUES (ORDINATES) AGAINST LOG. INITIAL DENSITIES (ABSCISSAE). 
b= SLOPE:!: 95 0 /0 CONFIDENCE LIMITS. 
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mortalities were either density independent or weakly 

density dependent. In contrast, ~2 in uncaged areas was 

strongly density dependent at March third-ins tar densities 

with logarithms greater than about ~.40, i.e., populations ), 
~) ·J'.l 

of 251 or more per square metre. The slope of 1.12 suggests 

that ~2 in uncaged areas was overcompensatory. This density 

dependence arose from the superproportional behavioural res

ponse (Hassell, 1966) of starlings to grass grub densities 

above a threshold level of approximately 250 third-ins tar 

larvae per square metre. Once grass grub density in irri

gated Winchmore pastures exceeds this level starlings find 

it profitable to concentrate on searching for grass grubs, 

as described in chapter 11. In areas A, Band C, where 

grass grub density was below the threshold level, ~2 was 

similar to that in caged areas (cf.table 11-28, p.319) 

and these three points were not included in the regression. 

As a result of the density dependence of ~2' K (uncaged 

areas) was also overcompensatory, high starling predation of 

third-ins tar larvae bringing about a population decline, 

although the small number of points in the regression makes 

the confidence interval very wide. 

~2 for caged areas, i.e., areas where starling predation 

is nil or insignificant, would be expected to be density 

dependent once the density of third-ins tar larvae reached 

the level where severe pasture damage occurred, because of 

increased larval combat. None of the points plotted in fig. 

15-3 exceeded this level (800-900 grass grubs per square 

metre), but the results from Winchmore plot 3 suggest a 

higher mortality rate of third-ins tar larvae in areas of 

severe pasture damage (table 15-11). 

For comparison, a similar analysis was carried out for 

non-irrigated Canterbury pastureland, using the results of 

Kelsey (1970), who measured larval survival in 11 paddocks 
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Table 15-11. Mortalities of third-ins tar grass grubs in 

caged areas at Winchmore. 

. / 2 Grass grubs m. 
%age Length of 

-Pinal Plot Initial mortality interval 
(March) (weeks) 

I 

plot 1 ,1969 602.3 534.9 11 .1"7 16 

caged plot, 
15t 1970 342.4 269.1 21 .40 

plot 3, 1970 1099.9 961.9 12.54 4t 

(appendix XXX), and those from Lincoln and Weka Pass. In 

this analysis some of the ~-values have different meanings 

from those above. ~1 now represents. mortality from first 

and second-instar larvae to third-ins tar larvae (January

March), ~2 mortality of third-ins tar larvae from March to 

July, ~3 mortality of third-instar larvae from July to 

--

August and K total mortality from January to August. The 

regressions are shown in fig. 15-4. ~1' ~2 and K are strong

ly density dependent, with ~2 overcompensatory. Kelsey'ob

served that starling numbers were very low in all of the 

paddocks except for one, which is excluded from the regress

ion for ~2. The density dependence in larval mortality un

doubtedly arose through larval combat. The density of third

instar larvae in most of Kelsey's 11 paddocks was in or close 

to the range 250-350 per square metre, the average maximum 

density in non-irrigated Canterbury pastures (fig.I-1, p.497), 

at which pasture damage and larval combat are severe. 

The regressions for ~2 (third ins tar mortality from 

March to July) are very similar for irrigated (uncaged areas) 

and non-irrigated pastures (figS. 15-3 and 15-4), but for 

entirely different reasons. In the high predation irrigated 

area starling predation increased in severity once grass 

I: ,----
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FIG. 15-4. TESTS FOR DENSITY RELATIONSHIPS (NON -IRRIGATED PASTURE>' PLOTS OF 

k-VALUES (ORDINATES) AGAINST LOG. INITIAL DENSITIES (ABSCISSAE). 
b=SLOPE! 950'0 CONFIDENCE LIMITS. 
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grub density exceeded about 251 per square metre, but in 

non-irrigated areas, the density dependent mortality was 

caused by larval combat under conditions of severe food 

shortage. The regression of ~2 (caged areas) for irrigated 

pasture would presumably show a similar effect once grass 

grub density exceeded about 1000 per square metre, when 

severe pasture damage would eventuate. 

~3 for non-irrigated areas appears to be inversely 

density dependent, the slope of the regression being sig

nificantly less than zero (fig.15-4). This arose from pad

docks with high initial (March) third-instar populations and 

consequently high values of ~2 also having high values of 

~3 even though the July densities in these paddocks were 

relatively low (table 15-12). The effects of severe com

petition for food in the initially high density populations 

may have made the survivors more susceptible to mortality 

from such factors as disease and larval combat in July and 

August. 

Table 15-12. population densities (grass grubs/m~) and ~
values for Kelsey's (1970) 11 paddocks (see 

text) • 

-"--00-"_- 0" __ - __ 

Paddock nos. Av.March density AV·~2 Av.July density AV·~3 

-
2,3,4,5 430.23 0.795 91 .74 

6,7,8,9,12,13,14 228.22 0.206 171 .28 

A POPULATION MODEL FOR GRASS GRUB IN IRRIGATED WINCHMORE 

PASTURES 

0.174 

0.066 

A simple, preliminary population model for grass grub in 

irrigated Winchmore pastures over the range of densities ob

served at Winchmore plot 1 can be constructed from the in

formation given in fig. 15-3, by assuming that ~1 and ~3 

-----
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are density independent and that ~2 is also density inde

pendent in the absence of high numbers of starlings. 

Taking the average observed values of ~1' ~2 (for caged 

areas and areas A,B and C) and ~3 gives ~1 = 0.18, ~2 = 
0.08 and ~3 = 0.14. By selecting an initial egg density and 

finding its logarithm, the subsequent densities of early 

(March) and late (July) third-instar larvae and of teneral 

adults can be calculated, and the size of the egg population 

at the start of the next generation can then be calculated 

by assuming a 1:1 sex ratio and an actual fecundity of 12 

eggs per adult female. To allow for the effects of high 

starling predation in the high predation area at Winchmore, 

~2 is taken as 0.08 if log N (the logarithm of the density 

of third-ins tar larvae in March) is less than or equal to 

2.40, and is given by ~2 = 1.12 logN - 2.54, the regression 

equation for ~2 (uncaged areas) in fig.15-3, if logN ex

ceeds 2.40. 

Simulated grass grub population changes obtained with 

this model are shown in fig.15-5, starting with a low initial 

population of 150 eggs per square metre. The calculations 

are summarized in appendix XXXI. With ~1 = 0.18, 150 eggs 

per square metre give rise to 98 early third-instar larvae 

per square metre. The grass grub densities in fig.15-5 re

present March populations of third-instar larvae. By year 

1 the simulated population density increases to 234 per square 

metre, just below the threshold for starling predation, and 

by year 3 it reaches 562 per square metre, which would result 

in moderate pasture damage. In the absence of heavy starling 

predation, ~., if the paddock containing Winchmore plot 1 

was left in rank condition during autumn and winter, exclu

ding starlings, the simulated population continues to in

crease by 240% each year and reaches 1349 per square metre 

in year 3, when severe pasture damage would occur. In 

practice the population would be expected to decline after 
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this because of larval combat and also sheep treading if 

winter stocking rates were high. 

This increase is prevented in the Winchmore high pre

dation area if the paddock is heavily stocked and closely 

grazed during the autumn of year 2, allowing starlings to 

inflict a high mortality on the grass grub population. If 

this high predation and heavy stocking occurs every year, 

the simulated grass grub population decreases to 468 per 

square metre in year 3 and thereafter stabilizes at 479 per 

square metre, with ~2 accounting for 65.3% of the third-in

star larvae each year. Overcompensatory density dependent 

mortality caused by starling predation of third-ins tar lar

vae under conditions of heavy autumn and winter stocking thus 

regulates the simulated grass grub popplation, holding it 

at a level where autumn pasture damage is moderate but not 

severe. If the heavy autumn and winter stocking treatment 

does not occur in any year (~., year 6), the model predicts 

that the grass grub population will increase to over 1100 

per square metre by the subsequent year, when severe pasture 

damage would occur. Resuming the heavy stocking-high pre

dation treatment from year 7 onwards brings the population 

back down to the equilibrium density by year 10. 

This simple, preliminary model is not intended to give 

a highly accurate representation of the life system of 

Costelytra zealandica in irrigated Winchmore pastures. The 

simulated index of population trend (I) in the absence of 

significant starling predation, 240%, may be unrealistically 

high. The highest I recorded by Kelsey in non-irrigated 

pastures was slightly below 200% at low population levels 

(table I-2, p.496), while I would be expected to decrease 

as population density increased, as shown by Kelsey's data, 

although an I of 212.5% was recorded at Winchmore plot 2 

when the population increased from 631.07 to 1341.16 third

instar larvae per square metre from 1969 to 1970. In the 
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Winchmore high predation area, ~2 would not be as precisely 

density dependent as in the model and in practice the grass 

grub population would never remain at the equilibrium level 

for several years,i.e., the model does not allow for random 

variations in ~2' nor in ~1 or ~3' from year to year. 

Further field study would be necessary to establish whether 

~2 is consistently overcompensatory in this area. 

Nevertheless, the model does provide a general description 

of the situation encountered during this study in the 

Winchmore high predation area, i.e., starling predation under 

conditions of heavy autumn and winter stocking held the grass 

grub population in localised areas of infested turf at app

r6ximately 400-600 third-ins tar larvae per square metre, a 

level where moderate pasture damage occurs in the autumn but 

pasture production recovers completely by the following spring. 

The simulated population changes in fig, 15-5 represent the 

situation in areas of pasture t square chain or smaller, since 

the analyses in fig~15-3 are based on such areas. 

THE LIFE SYSTEM OF COSTELYTRA ZEALANDICA 
The results of this study generally confirm the outline 

of the grass grub's life system in improved Canterbury pas

tures obtained from Kelsey's work (appendix I), i.e., grass 

grub has a low fecundity but grass grub populations steadily 

increase to the level where they severely deplete their food 

supply, regulation then being effected by density dependent 

larval combat mortality, with populations reaching much 

higher peaks in irrigated than in non-irrigated Canterbury 

pastures. The life system appears to be fairly simple, with 

parasites usually absent. Disease and predation by inverte

brates may account for a considerable proportion of the mor

tality of grass grubs in some instances but do not appear to 

prevent grass grub populations from increasing to the level 

where they eat out their food supply. 

This study has added two further factors to this outline, 
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firstly, that starling predation in areas with high star

ling numbers can regulate grass grub populations by keeping 

them at a level where severe intraspecific competition for 

food does not occur, at least in combination with irri

gation and high stocking rates, and secondly, the effects 

of drought. Autumn drought can result in approximately t 
of the population in non-irrigated areas failing to complete 

the second ins tar by the end of autumn and entering a two

year life cycle, resulting in a population which would 

otherwise have increased remaining approximately constant. 

Drought during the adult flight season can bring about a 

marked decrease in the proportion of the potential fecundity 

which is laid and hence a population decline, but the mecha

nism involved is not known. 



CHAPTER 16 

THE USE OF STARLINGS FOR THE BIOLOGICAL 

CONTROL OF GRASS GRUB 

Winchmore High Predation Area. 

403. 

In the Winchmore high predation area, i.e., the 70 acre 

irrigated permanent grass farmlet where plots 1 and 3 were 

situated, starling predation under conditions of heavy autumn 

and winter stocking kept the grass grub population of the 

paddock containing plot 1 at a level where moderate autumn 

pasture damage occurred,as shown by the population model 

described in the previous chapter. A survey of this paddock 

revealed that approximately t of it showed moderate pasture 

damage in autumn, so that the loss in autumn production due 

to grass grub attack was approximately 10% (p.370). If the 

measurement of autumn pasture production in this paddock had 

been made in late April rather than early-mid March, the loss 

of production in damaged areas may have been about 50% (table 

14~2, p. 357) giving a total loss of approximately 17% for the 

paddock as a whole. By the following spring, which is the 

most critical time of the year in terms of feed requirements 

on a Canterbury fat lamb farm, the pasture production in these 

damaged areas had recovered completely, as described in chap

ter 14. 

Starling predation, possibly assisted by sheep treading, 

thus held the grass grub population of the paddock containing 

plot 1 at a level where autumn production was reduced by 10-

20% but spring production was unaffected, during the two years 

of this study. This paddock appeared to contain more areas of 

damaged pasture than the other 10 paddocks on the 70 acre pro

perty, and a survey of three of these in March, 1970 revealed 

that 10-20% of each was damaged, including a few isolated spots 

of severely damaged pasture and the t-t acre area of severely 
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damaged pasture where plot 3 was situated. Two of the 11 

paddocks contained no grass grub-damaged pasture. Grass 

grub damage therefore reduced autumn production of the 70 

acre farmlet by no more than about 10%. 

404. 

This loss in autumn pasture production would probably 

have a negligible effect on stock production or farm manage

ment, even at the high stocking rate of this property (7.8 

ewes/acre). McMeekan (1953) described the typical New Zealand 

fat lamb farming system, in which the seasonal patterns of 

(non-irrigated) pasture production and the nutritional re

quirements of the ewe flock closely coincide, with conser

vation of surplus autumn pasture to tide the ewes over the 

winter and early spring, when pasture production is low. 

Stock requirements are highest during flushing of the ewes and 

tupping (March-April), late pregnancy (July-August) and lac

tation and lamb-fattening (September-December). In non-irri

gated areas pasture production declines with the onset of 

dry summer weather (December-January), coinciding with the period 

when ewe nutrition falls back to maintenance level, but in 

irrigated areas pasture production continues to increase to a 

peak in January (Rickard and Fitzgerald, 1970). On the 70 acre 

irrigated Winchmore farmlet where my study area was situated 

grazing management follows the typical pattern for the dis

trict, with lambing in mid to late August, the ewes and lambs 

being set-stocked over the whole farm. Half of the lambs 

are sent to the freezing works by late December, ~ by late 

February and the remainder by late March. As the ewes cease 

lactation and the number of lambs remaining declines parts of 

the farm are closed to grazing, until by February and March 

8 or 9 of the 11 paddocks are closed. This conservation of 

pasture pr~vides the ewe flock with the bulk of their autumn, 

winter and early spring feed, each paddock of late summer and 

autumn-saved pasture being grazed by the mob of 550 ewes for 

1-2 hours per day for the first week of grazing, followed by 

.. ,<. -,---'-' 
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longer periods until the paddock is eventually set-stocked 

and then becomes the runoff as the next paddock in the 

series is grazed. 

A loss of about 10% of the total autumn dry matter pro

duction would only be important if the utilization of pasture 

by the stock was so high that this last 10% would have been 

eaten by the ewes had it been available. Rough calculations 

suggest a high level of annual pasture utilization. If an 

irrigated Canterbury grassland farm produces 11,000kg. of 

dry matter per hectare annually (Rickard and Fitzgerald, 1970) 

and carries 8 ewes per acre ( = 19.7 per hectare), annual 

pasture utilization (PU) can be estimated approximately from 

the knowledge that a 55kg. ewe rearing a single lamb has an 

annual dry matter requirement of 521kg. (Jagusch, 1971): 

PU 19.7 x 521 

11000 
93.3%. 

However, to accurately assess pasture utilization it is necess

ary to measure the feed supply available to the animal under 

normal grazing management, rather than using a rate of growth 

technique in which older herbage is removed and subsequent re

growth measured (Campbell, 1966a), the technique on which the 

above estimate is based. 

It is well known that animal production per acre in

creases markedly at high stocking ra~s apparently because of 

increased pasture utilization (McMeekan, 1956). Campbell's 

(1964, 1966a and b) work with dairy cows in the North Island 

showed that percentage utilization per grazing in the dairy 

industry is generally low, with a yearly average of less than 

20%, although percentage pasture utilization calculated on an 

annual basis is much higher (over 95%). Campbell suggested 

that the latter figure is an overestimate because it fails to 

allow for pasture which is lost by decay before the stock can 

eat it. He found that a combination of heavy stocking rates 
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and rotational grazing increased pasture utilization per 

grazing during the period of maximum pasture growth (late 

spring and early summer), thus minimizing the accumulation of 

senescent and dead material which decayed in the autumn. 

Campbell (1966a) noted that in Waikato dairy pastures 

stocked at about 1 cow per acre there is an excess of pasture 

growth over consumption by the stock, and consequently a lack 

of continuous, close grazing, for most of the year. If this 

was also the case in irrigated Winchmore sheep pastures, a 

loss of 10% in autumn production would certainly be insigni

ficant. However, the situation encountered in the present 

study may be somewhat different. For example, the paddock 

containing Winchmore plot 1 was closed to grazing from 

January until mid-late March in both 1969 and 1970 and the 

pasture was then grazed off over a 3-4 week period at the 

very high stocking rate of approximately 120 ewes per acre. 

At the end of the 3-4 weeks the paddock was very closely grazed. 

Under these conditions utilization of the total amount of dry 

matter present ln early Ma~ch was pr6bably high, since utili

zation is high at high grazing pressure, the ratio of stock 

numbers to the amount of available herbage (Mott, 1960). For 

example, Campbell (1966a) found that utilization per single 

grazing was highest (about 60%) under rotational grazing in 

winter, when grazing pressure was greatest. 

While the utilization of autumn-saved pasture at 

Winchmore may be high, since stocking rate and hence grazing 

pressure are high, it is probably not high enough to make a 

loss of 10% through grass grub damage significant. This is 

supported by the fact that the 70 acre farmlet has supported 

7-8 ewes per acre, a high stocking rate for the district, for 

several years with most of the sheep's winter feed comprising 

autumn-saved pasture, very little hay being fed out. The. 

property was converted to irrigation when the present owner 

(Mr. W.R. Lobb) took it over 11 years ago, and during this 
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period stock numbers have been built up to the present level 

without any applications of insecticide, despite the con

tinual presence of grass grub. The winter starling roost 

has been occupied throughout this period, and the grass 

grub infestations have been prevented from increasing above 

their present level by starling predation, which has been 

directed and assisted by judicious grazing management (Lobb, 

pers. comm.). 

The grazing rotation is adjusted each year so that 

paddocks which had shown the worst signs of grass grub damage 

in the previous autumn are closed to grazing in January or 

February and mob-stocked in March and April, encouraging the 

starlings to feed in them throughout autumn and winter from 

the time they are first grazed. The least damaged paddocks 

are allowed to remain rank until late winter, effectively 

excluding the starlings. Starlings thus give effective bio

logical control of grass grub in this area by preventing grass 

grub populations from building up to severely damaging levels, 

with manipulation of the parts of the farm where starling 

predation is high in any year by intelligent grazing management. 

This has enabled the farmer to farm sucessfully (~., all of 

the lambs produced have been killed at the freezing works for 

export, without exception) without using insecticides, in one 

of the country's most grass grub-prone areas. 

The population model and simulated population changes 

discussed ln chapter 15 (fig.15-5, p.400) represent the 

situation in localised areas of pasture of the order of t 
square chain in size. Starling predation prevents the grass 

grub population in such areas from increasing above 400-600 

third-ins tar larvae per square metre, and in irrigated pastures 

populations of this size appear to undergo little lateral 

dispersal, as discussed on p. 216. The areas of moderate 

autumn pasture damage (~., plate 14-1) reappear in the 

same places each year but do not spread out significantly 
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from year to year. It might be expected that the grass grub 

population in each localised, t square chain area of pas-

ture would eventually increase to 400-600 per square metre, 

since most parts af the 70 acre property probably contain 

at least a few grass grubs. This may in fact be gradually 

happening, since the proportion of the paddock containing plot 

1 which was classed as moderately damaged increased from 

31.5% in 1969 to 36.8% in 1970. 

The grass grub population may eventually reach the level 

where 50% or more of the 70 acre farmlet is moderately dam

aged in the autumn, depressing total autumn production by 

about 25% or more. Even if the pasture recovers in the spring, 

such a loss in autumn production would have serious effects 

on farm management. Further, not all of the paddocks can be 

heavily stocked and grazed off in the critical period of 

autumn and early winter (March-June), when grass grubs are 

present in large numbers in the top inch and form a major 

item in the starling's diet. The situation may eventually 

be reached where some paddocks with moderately damaging in

festations over t-t of their area are.not grazed short during 

the critical period. This would resul-t in the grass grub 

populations of the infested areas increasing to severely 

damaging levels by the following year, as predicted by the 

population model (fig. 15-5) and observed at Winchmore plot 2. 

This situation may have just been reached in the Winchmore 

high predation area, since the 0.64 acres of severely dama-

ged pasture which comprised plot 3 in 1970 was the first such 

area to appear, severely damaged pasture having been previous

ly restricted to a small number of localised spots a few feet 

across in two or three paddocks. The paddock containing plot 

3 had not been grazed until late in the critical period in 

1969. 

It may therefore be necessary in the long term to use 

starlings in an integrated control programme rather than re

lying permanently on biological control, with insecticide 
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treatment of moderately damaged areas of paddocks which could 

not receive the heavy stocking-high starling predation treat

ment in a particular year. From the viewpoint of integrated 

control it would be desirable to use insecticides on as small 

a scale as possible, since temporary reduction of the grass 

grub population to very low levels over most or all of the 

farmlet may cause the starlings to lose interest in the area. 

In addition, insecticides would have to be applied carefully, 

since the organophosphates currently recommended for grass 

grub control, notably fensulfothion, can cause bird deaths 

under some conditions (Bucknell, 1970). 

A small amount of severely damaged pasture could be 

tolerated without influencing stock production. It may be 

possible to use mob-stocking during winter to prevent local

ised areas of severe damage from spreading outward from year 

to year, obviating or delaying the need for insecticides, 

since heavy stocking during periods of wet winter weather can 

inflict considerable mortality on grass grub populations in 

severely damaged areas. 

The Winchmore high predation area comprises 70 acres of 

permanent pasture. If the pastures were not permanent, ~., 

the 5-7 year leys typical of intensive mixed cropping Canter

bury farms (Willey and Duckham, 1970), starling predation 

might prevent the grass grub populations from building up to 

severely damaging levels between successive cultivations, 

particularly if the rotation included spring cultivations to 

reduce the grub populations to a low level (Kain and Atkinson, 

1970). 

Biological control of grass grub by starlings in the 

Winchmore high predation area is made possible by a combination 

of three factors: an unusually high local starling population, 

irrigation and high stocking rates. Besides having a large 

winter starling roost less than half a mile away on the ad

jacent property, this area contained the only grass grub 
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infestation in the immediate vicinity (within at least 1 mile) 

of the roost. Since third-instar grass grubs are a favoured 

food, the starlings tended to concentrate within the in

fested area. Starling numbers and predation at the 70 acre 

farmlet would probably have been much lower if most or all 

of the rest of the pastureland in the vicinity of the roost 

had been similarly infested. In extensive areas of grass grub 

infested, irrigated pasture land starlings could conceivably 

tend to concentrate in severely damaged areas with very high 

grass grub densities rather than in moderately damaged areas 

with lower grub populations, where starling predation would 

be more likely to give effective biological control (cf. 

Readshaw, 1965). 

Irrigation is essential because it allows the pasture 

to tolerate populations of 400-600 third-ins tar grass grubs 

per square metre with moderate autumn damage and complete 

recovery by the spring, whereasnnm-irrigated Canterbury 

pastures grass grub densities of 250-350 third-ins tar larvae 

per square metre destroy the pasture beyond recovery. However, 

starling predation in areas of high bird numbers could still 

be significant in non-irrigated areas, where developing in

festations typically consist of a few small patches of severely 

damaged pasture containing high grass grub densities. At 

the Lincoln and Weka Pass plots in April, 1969, damaged areas 

contained 297 and 409 larvae per square metre, respectively, 

within or above the range of approximately 220-380 per square 

metre where starlings are attracted to grass grubs at Winch

more. If starlings exhibited a marked behavioural response 

to the localised areas of high grass grub density in a non

irrigated pasture the resultant predation might check the 

growth of the grass grub population, in an area with high bird 

numbers. 

Very heavy stocking of infested pastures during autumn 

and winter also appears to be an essential component of the 
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Winchmore high predation situation. Mob stocking enables 

the pasture to be grazed very short during a few weeks in 

autumn, allowing the starlings to probe easily for ,grass 

grubs, and also a~sists pasture recovery by treading damaged 

pasture back into place and maintaining high soil fertility. 

The Starling as a Biological Control !gent. 

As has been recorded with other cases of successful 

biological control of agricultural insect pests by bird pre

dation (~., Barber, 1942), the situation encountered in 

the'Winchmore high predation area is an isolated case, re

sulting from a combination of an exceptionally high starling 

population, a localised grass grub infestation, irrigation 

and a high stocking rate. As shown by the exclusion studies 

in the other three study areas, starlings do not occur in 

sufficient numbers to influence grass grub population changes 

1n most parts of Canterbury. 

Two features of the starling-grass grub predator-prey 

system also facilitate effective biological control of grass 

grub in the Winchmore high predation area. Firstly, starling 

predation is low until grass grub density reaches a threshold 

in the range 220-380 third-instar larvae per square metre, 

which is high enough to cause moderate pasture damage. Above 

this threshold starlings exhibit a marked behavioural response, 

resulting in a strongly density dependent (possibly overcom

pensatory) mortality of grass grubs in this area of high 

starling numbers, up to densities of at least 750-800 per 

. square metre, i.e., over the range of densities at which moder

ate pasture damage occurs. Starling predation thus causes 

density dependent mortality over a relatively high range of 

grass grub densities, unlike the typical bird-insect system 

where predation only causes regulatory mortality at low prey 

densities. This is a result of the relatively high threshold 

density, which may be typical of bird predation on concealed 

prey (p.567), and the very high starling numbers in the area, 
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resulting in a strong behavioural numerical response (Buckner, 

1966) above the threshold density. The high threshold density 

is also partly due to the fact that only part of the total 

grass grub population (those in the top 3.0cm.) are avail

able to starlings. 

Secondly, the gradation-like pattern of developing grass 

grub infestations and the relatively low fecundity of grass 

grub makes this pest amenable to biological control by star

lings, since developing infestations take at least 1-2 years 

to pa~s through the density range where starlings can in-

flict density dependent mortality. If grass grub had a high 

fecundity and a highly conaave survivorship curve with heavy 

mortality of the young stages, it might be capable of increasing 

from very low populations to epidemic levels within the space 

of one year, if weather conditions were unusually favourable 

for the survival of eggs and young larvae. The hepialid 

Wiseana spp., second in importance only to grass grub as a 

pest of New Zealand pastures, has a life system of this type 

(French and Pottinger, pers. comm.). If grass grub possessed 

similar powers of increase to Wiseana it could increase from 

low levels, ~., less than 100 third-ins tar larvae per square 

metre, below the threshold density for starling predation, 

to severely damaging levels in the space of one year of 

favourable weather, without giving starling predation a chance 

to exert a regulatory effect at intermediate densities. 

Since starlings can give effective biological control 

of grass grub under some conditions, it would clearly be worth

while to attempt to increase starling numbers in areas with 

a grass grub problem, particularly in heavily stocked, irri

gated areas of Canterbury. Other areas of New Zealand which 

are prone to grass grub attack and have a higher rainfall than 

Canterbury may also be suitable for attempting to increase 

starling numbers, but the predominantly pastoral Canterbury 

Plains would be an ideal area, since there is very little 
commercial fruit growing and the starling would be a beneficial 



413. 

bird if it occurred in high numbers, at least in irrigated 

areas (appendix II). The use of starlings as biological 

control agents is facilitated by their ready occupation of 

nesting boxes, which allows the resident population of a local 

area to be increased markedly. Once starling numbers had 

been raised to a high level they would probably remain there, 

regardless of fluctuations in grass grub numbers. Starling 

numbers would be most unlikely to be influenced by grass 

grub numbers, since starlings eat a very wide variety of 

insects, including many abundant pest species. This raises 

the question of the number of starlings required to give 

effective control of grass grub. 

How Many Starlmgs are Necessa~? 

Some idea of the required number of starlings can be 

obtained from the measurements of grass grub mortality and 

bird numbers at Winchmore plot 1 and calcul~ted feeding rates. 

At Winchmore plot 1 the starling population was of the order 

of 500 bird-hours/acre/day on dry days and 2000 bird-hours/ 

acre/day on rain days in the period March-July in both years 

of the study. These counts represent feeding birds. 

X starling-hours/acre/day on dry days, increasing to 4X 

starling-hours/acre/day on rain days, is assumed to be the 

minimum number required in infested areas for effective control 

of grass grub. Assuming a March population of 600 third-ins tar 

grass grubs per square metre with ~ in the top inch, and that 

this has to be reduced by 70%, to 180 per square metre, by 

July to prevent a population increase,with starling predation 

accounting for 50% and sheep treading, disease and other 

factors for the remaining 20%, starlings have to destroy 300 

grubs per square metre or approximately 1 ,214,000 per infested 

acre between March and July. This predation is assumed to 

take place over a 100-day period from March 8th to June 15th. 

In the open areas of plot 1 in 1969 and the open 0.3 acre 
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plot in 1970 the July grass grub densities were 176.5 and 

165.0 per square metre, respectively, with about 25% of the 

population in the top 1 inch. Since starlings appear to cease 

searching for grass grubs when there are less than about 100 

per square metre 'in the top 2.5-3.0cm., it is possible that 

predation may largely cease in early-mid June when the total 

grass grub population is reduced to about 180 per square metre, 

with 50-60% (90-108 per square metre) in the top inch, some 

upward movement having taken place since March. 

A considerable downward movement of grubs which have 

completed their feeding may then occur during mid-late June 

(cf. figs. 9-1 and 9-2, p. 153 and 154). The density of grass 

grubs in the top inch thus declines from 400 per square metre 

in March to about 100 per square metre in mid-June. If this 

decline is assumed to occur at a constant rate, which is 

sufficiently close to reality for the present purpose, the 

average density in the top 1inch over the 100-day period of 

predation is 250 per square metre. 

At Winchmore, for this period from March to June there 

would be, on average, about 25 days with sufficient rain to 

significantly soften the soil and 40 Qays with frosts in 
o excess of 1 F. Average soil penetrability is assumed to be 

100-200lbs./sq.in. on the 25 rain days, 200-300lbs./sq.in. 

on the 35 dry, non-frost days and on the afternoons of the 

40 frost days, and 300-400lbs./sq.in. on the mornings of the 

frost days. Assuming an average probing rate of 32.5 probes/ 

min., feeding rates can be read from fig. 11-5 (p~291) at a 

density of 250 grubs per square metre in ,the top 3.0cm., 

giving 0.5 grubs/min. (30/starling-hour) for average pene

trability 100-200lbs./s~ in., 0.3 grubs/min. (18/starling-hour) 

for average penetrability 200-300lbs./sq. in., and 0.2 grubs/ 

min. (12/starling-hour) for average penetrability 300-400lbs./ 

sq.in. X can then be found by solving the equation for the 

total number of grubs eaten: 
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1,214,000 = 25.4X.30 + 55.X.18 + 20.X.12 

which gives X = 1214000 

4230 
= 287 starling-hours/acre/day. 

This suggests that a starling population of 300 bird

hours/acre/day on dry days, increasing to 1200 bird-hours/ 

acre/day on rain days, in the grass grub-infested areas, a 

little over half the size of that recorded in the Winchmore 

high predation area, would be about the minimum necessary 

to give effective control of grass grub. Assuming an aver

age day length of 10 hours and that the starlings feed for 

half the day, this would represent a resident population 

of 60 starlings/acre on dry days, increasing to 240/acre 

on rain days, in the areas infested with grass grub. 

Energetics calculations (p.317) suggested that starlings 

might consume a maximum of about 400 grass grubs/bird/day, 

in which case the minimum population requ~red to consume 
. 1214000 

1,214,000 grubs/acre ln 100 days would be 40000 = 
30/acre. This estimate may be unrealistically low, since the 

birds would have to consume 80 grubs/hour if they fed for 

5 hours/day but the maximum calculated feeding rate, at the 

initial density of 400 grubs per square metre in the top 3.0 

cm. and average soil penetrability 100-200Ibs./sq.in., would 

only be about 1 grub/min. (fig. 11-5, p. 291) or 60 grubs/hour. 

Erection of nesting boxes may not be enough to ensure 

a sufficiently large starling population. For example, if 

2 n~sting boxes were erected per acre on an average sized 

mid-Canterbury farm of 500 acres, which would represent a 

major effort by the farmer, there would be 2000 resident 

breeding starlings if every box was occupied. Ignoring post

breeding adult mortality and assuming that 1000 of the fledged 

young of the preceding spring remained in the area during the 

autumn and winter, which may be an overestimate, the total 

population in these seasons would be 3000 starlings or 6 per 

acre. If 50 acres of the farm were infested with grass grub, 

.. ::.- ~-~ -, -' -' -'. - '-' .. -. 
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there would be 60 starlings per infested acre if all of the 

birds fed entirely within the infested areas, well below the 

required level of about 240 per acre on rain days, when 70% of 

the predation calculated above takes place. The situation 

may be different if a smaller proportion of the farm was 

infested, but it is clear that erection of nesting boxes 

would have to be done on an extremely intensive scale to 

increase a local starling population to the very high level 

necessary for biological control of grass grub. If erection 

of nesting boxes simply attracts starlings from surrounding 

areas rather than causing a real increase in the starling 

population, it would only be possible to use starlings for 

biological control of grass grub in localised areas. The 

relationship between starling numbers over a wide area and 

the number of nesting holes will only be clarified by long

term research into starling population dynamics. 

An investigation of the roosting preferences of star

lings would also be useful, and it may prove profitable in 

the long term to plant trees which will eventually attract 

a roosting population, rather than or as well as erecting 

nesting boxes. The Winchmore high predation area is within 

half a mile of a pine plantation which apparently serves as 

the main winter roost for an area of at least 300 square 

miles (there appeared to be no roosts of more than a few 

hundred birds within 10 miles of the large roost). Even 

in this case predation on grass grubs was only high in the 

immediate vicinity of the roost, starling numbers being 

much lower and predation insignificant at Winchmore plot 2, 

which was 5 miles from the high predation area, well within 

the daily flight range of starlings. It appears that star

lings may only provide effective biological control of grass 

grub in localised areas of exceptionally high starling numbers, 

and then perhaps only in combination with irrigation, high 

stocking rates and intelligent grazing management, at least in 

Canterbury. 
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PART V: CONCLUSIONS AND SUMMARY 

CHAPTER 17 

CONCLUSIONS 

With regard to the objectives of this study, which were 

given in the introduction (p.3-4), th9 following conclusions 

were reached: 

. (1) In most areas of Canterbury starlings occur in 

numbers too low to significantly affect the size of grass 

grub populations, but in localised areas of high starling 

numbers the birds can inflict considerable mortality on third

instar larvae in autumn and winter, ~., 40-60% in the Winch

more high predation area. 

(2) Starlings exhibit a marked behavioural response 

to grass grub densities above a threshold of approximately 

100-200 third-ins tar larvae per square metre in the top 

2.5-3.0cm. of turf, corresponding to a total population den

sity of 220-380 per square metre, at least in the Winchmore 

high predation area. 

(3) Starling predation of third-instar larvae can give 

effective biological control of grass grub in localised areas 

of Canterbury with very large starling populations, in com

bination with irrigation, high stocking rates and intelligent 

grazing management, by keeping the grass grub populations of 

localised, infested areas of pasture within a paddock at a 

level where they cause moderate autumn pasture damage but no 

loss of spring or summer production, with little or no out

ward spread of infested areas from year to year. In the long 

term it will probably be necessary to liThegrate this biological 

control with chemical control, since starling predation will 

not prevent a large part of an infested paddock or farm from 

eventually being occupied by moderately damaging grass grub 
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populations. The use of starlings for biological control of 

grass grub may only be possible in localised areas with 

very high starling numbers. 

(4) Life table studies of grass grub popUlations 

under Canterbury conditions by a small team of workers are 

highly feasible. 
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SUMMARY 

(1) The main object of this study was to investigate 

the effects of predation by starlings (Sturnus vulgaris) on 

populations of the grass grub (Costelytra zealandica) in 

Canterbury, with the secondary objective of investigating 

the feasibility of life table studies of grass grub populations 

under Canterbury conditions. 

(2) Study plots were established in four areas, two 

on non-irrigated pastureland at Lincoln and Weka Pass and two 

on irrigated pastureland at Winchmore. A third study plot 

was established at Winchmore in the second year of field work. 

(3) The hand-operated, split-barrel soil corer and 

flotation and wet sieving extraction proces's developed by 

Kain and associates have made intensive population sampling 

of all stages of the life cycle of C. zealandica under 

Canterbury conditions highly feasible. On stony soils where 

the corer can not be used a 6in. spade square is a suitable 

sampling unit.For a soil insect, C. zealandica appears to be 

unusually suitable for population sampling. 

(4) The most efficient sample design for sampling grass 

grub populations, at least in non-irrigated pastureland, was 

found to be stratified random with stratification according 

to pasture damage and approximately optimum allocation of 

sampling fractions. Accurate relocation of sampling positions 

allows this design to be applied to all stages of the life 

. cycle. By setting the required relative standard error at 10% 

sample sizes appeared to be large enough to avoid difficulties 

created by the use of normal statistics with the highly skew 

frequency distributions encountered in egg and first-instar 

samples. Projection of the sample sizes required to sample 

all stages of the grass grub life cycle in irrigated and non

irrigated pastureland with a 10% relative standard error re

vealed that population sampling for life table studies in 
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Canterbury is highly practicable for a small team of workers. 

(5) Timing of population sampling was determined by 

regular pilot sampling. Following a sharp peak in egg 

numbers, the development of individual$ in grass grub popu

lations is well synchronized. Sources of mortality identi

fied in this study were hatching failure of eggs, predation 

by starlings and invertebrates, crushing of larvae by sheep 

treading, disease, larval combat and eclosion failure of 

adults. Fecundity was measured with captive females • 

. (6) The associated studies of Coleman, Lobb and Wood 

revealed that two stages of the grass grub life cycle, third

ins tar larvae and adults, are major items in the diet of star

lings in Canterbury. Regular measurements of the vertical 

distribution of C. zealandica confirmed that third-ins tar 

larvae and adults are the main stages available to starlings. 

First and second -instar larvae occur in significant numbers 

in the top 1in. of irrigated Winchmore pastureland during 

summer but are appar~ntly not taken by starlings, probably 

because of the concurrent abundance of surface dwelling and 

aerial insects. The other sta~ of the life cycle (eggs, pre

pupae and pupae) were not recorded in the top inch and were 

therefore unavailable to starlings. 

(7) The magnitude of starling predation on populations 

of third-ins tar grass grubs was assessed by exclusion of 

birds with metal-frame plastic netting cages within stock

proof fences or with wooden-frame wire netting cages, and by 

experimental field populations of grass grubs confined indi

vidually to 4.0cm. diameter, 3.0cm. deep field cages. Ana

lysis of starling faeces did not appear to be practicable 

for reliable assessment of predation because of the varia

bility in the rate of passage of grass grub fragments. Experi

ments with captive starlings observed through a one-way mir

ror were used to investigate the capture of grass grubs at 

different grass grub densities and soil conditions. 
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(8) Exclusion studies in 1969 revealed that starling 

predation, possibly with some assistance from sheep treading, 

destroyed 54.31= 18.92% of the third-instar grass grub popu

lation at Winchmore plot 1 between March and July. Exclusion 

of birds and stock had no significant effect on the survival 

of grass grubs at Winchmore plot 2 or at the Lincoln and 

Weka Pass plots. Resampling 1969 Winchmore exclusion areas 

in autumn, 1970 revealed population trends (third ins tar 

to third instar) of 139.7% and 84.7% for caged and open areas, 

respectively, at plot 1 and 212.5% at plot 2. Similar re

sults were obtained with life table studies in 1969-70 in two 

adjacent 0.3acre plots situated within Winchmore plot 1, one 

of which was fenced and caged to exclude birds and sheep 

during March-July, 1970. The grass grub population trends 

(egg to egg) were 183.9% for the caged plot and 72.9% for the 

open plot. These results show that grass grub populations 

of 350-650 third-ins tar larvae per square ~etre in irrigated 

Winchmore pastures are capable of an approximately 1.5 to 2.0-

fold increase in the following generation, and that this in

crease was prevented at Winchmore plot 1 by the high autumn 

and winter mortality resulting from predation by large num

bers of starlings under conditions of heavy autumn and winter 

stocking. 

At Winchmore plot 3 in 1970, the mortality estimated 

by exclusion was compared to the estimate obtained with 

experimental field populations of grass grubs. The respec

tive estimates of bird predation mortality were 44.10=15.02% 

and 39.56!5.06% for the period March-April when the plot 

was not stocked. The similarity of these estimates suggests 

that exclusion effectively measured the absolute magnitude of 

bird predation, probably because contemporaneous mortalities 

were low. The estimates of the mortality caused by bird pre

dation and sheep treading combined in the period April-June, 

when plot 3 was stocked, were 65.16= 22.57% for exclusion 

.. " . -'< ;" , 
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difference between these estimates probably arose through 

significant sheep treading mortality occurring at depths 
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of greater than 3.0cm. Experimental field populations pro

vided evidence that the searching effort of starlings pro

bing for grass grubs was randomly directed with~n the 0.64 

acres of severely damaged pasture which comprised plot 3, 

and that the mortality caused by starling predation and 

sheep treading was greatest during wet spells • 

. Exclusion results indicated that a net upward move

ment of grass grubs into the top 3.0cm. of soil may have 

occurred at Winchmore during the main period of bird pre

dation, March to June, but this was not fully supported by 

the results obtained with experimental field populations 

at plot 3. 

From a comparison of exclusion and experimental field 

populations it was concluded that exclusioL is preferable 

as a general technique for assessing bird predation and sheep 

treading mortalities, since it appears to measure the abso

lute magnitude ~f the mortality, is less susceptible to 

bias caused by failure of the assumptions of the method, and 

can be used to directly assess the effect of the mortality on 

the population trend of grass grub, providing the exclusion 

areas are large enough to prevent significant lateral dis

persal of larvae and adult females. 

(9) Sheep treading can cause considerable mortality of 

third-ins tar grass grubs during periods of wet winter weather 

when infested pastures are very heavily stocked, providing 

the grass grub population is large enough to cause severe 

pasture damage and seriously weaken the turf mat. 

(10) The Winchmore high predation area, where plots 1 

and 3 were situated, contained the only grass grub infestation 

in the immediate vicinity of a large winter starling roost. 

Average starling numbers determined by regular censuses were 
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684.60 and 840.52 starling-hours/acre/day at plot 1 in 1969 

and 1970 respectively, and 1166.15 starling-hours/acre/day at 

plot 3 in 1970. Starling numbers at these plots were higher 

on rain than on dry days and higher in localised areas of 

pasture containing large grass grub populations than in 

adjacent uninfested pasture. Average numbers of starling

hours/acre/day during autumn and winter at the other three 

plots, where exclusion of birds did not affect grass grub 

survival, were 60.83 (Winchmore plot 2), 4.88 (Lincoln, 1969), 

1.64 {Lincoln, 1970) and zero (Weka Pass). 

(11) The grazing management of Winchmore plot 1 was 

similar in both 1969 and 1970, the plot being closed to grazing 

in late summer (January-March) and then grazed short at a 

heavy stocking rate in early autumn. Starlings entered the 

plot in large numbers when it was first grazed, initially 

feeding with the sheep and searching mainly for surface fauna 

disturbed by the stock. Once the pasture was grazed short the 

entry of starlings was independent of the presence of sheep 

and probing became the main feeding technique.' The probing 

activity of starlings in the high predation area was concen

trated within localised patches of high grass grub density, 

which the birds probably located by observing pasture damage 

or sigmof probing in previously located patches, detecting 

the softer soil in these patches, or by area-restricted 

searching following the capture of a grass grub. 

Captive starlings were observed to locate subterranean 

prey by making a hole in the soil with the bill and looking 

into the hole to see if any prey had been exposed, as des

cribed by Lorenz (1949). The relationship between capture 

success (the number of grass grubs captured per 100 probes 

by captive starlings) and grass grub density in the top 3.0cm. 

of turf was linear for a given range of soil penetrabilities, 

the slope increasing with decreasing average soil penetra

bility. Probe-hole depths measured in the field and with 

captive birds ranged from 0.1 to 3.3cm., average depths being 
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inversely related to soil penetrability. Starlings feeding 

within localised areas of high grass grub density located grubs 

by probing randomly. Average probing rate measured in the 

field increased from March-April to May-June but was indepen

dent of the availability of grass grubs within each of these 

~wo-month periods. By measuring grass grub density in the 

top 3.0cm., soil penetrability and starling probing rates in 

the field, it was possible to calculate the capture success 

and hence the feeding rate (grass grubs per minute) of wild 

starlings. 

Captive birds preferred grass grubs to earthworms, 

which they often rejected. Field observations in the Winch

more high predation area suggested that rejection of earth~ 

worms occurred in the field in autumn (March), in an area 

where grass grub density was very high and the starlings 

could afford to reject or ignore earthworms, but not in 

winter (June) when the birds' energy requirements were higher 

and grass grub density was lower. 

Observational studies in the Winchmore high predation 

area suggested that the starlings regularly sampled local

ised areas infested with grass grubs to assess their profit

ability, and that the birds showed a behavioural response 

to grass grub density when calculated feeding rates exceeded 

0.3-0.4 grubs per minute, corresponding to grass grub densi

ties of approximately 150-200 per square metre in the top 

2.5-3.0cm. Measurements of grass grub mortality between 

March and July confirmed that third-instar grass grubs became 

an attractive food source to starlings at densities exceeding 

approximately 100-200 per square metre in the top 2.5-3.0cm., 

i.~., at total population densities of about 220-380 per 

square metre. 

(12) Starling adults and nestlings may consume a signi

ficant proportion of grass grub adult populations in spring 

and early summer (November-December) in areas with a high 
density of starlings, but Coleman (pers.comm.) found that 
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most of the grass grub adults fed to starling nestlings were 

either males or females which had laid most or all of their 

eggs. Starling predation on adults may therefore have a 

negligible effect' on the size of grass grub larval populations. 

Although large numbers of black-backed gulls, starlings 

and other birds were attracted to a Winchmore pasture which 

was being flood irrigated during the grass grub flight season, 

most of the grass grubs driven out of the soil by the irri

gation water were males and the birds only took a fraction of 

the-insects driven to the surface. As a result, exclusion 

of birds from the caged 0.3 acre plot during irrigation 

had no appreciable effect on the population density of the 

subsequent grass grub generation. 

(13) Winter ploughing of a grass grub infested pasture 

with a multifurrow mouldboard plough exposed only 1-6% of 

the grass grub and earthworm populations to predation by sur

face feeding birds but reduced the grass grub population by 

65.2% and the earthworm population by 14.9%. Most of the 

mortality was apparently inflicted by mechanical injury. 

(14) Measurements of pasture production revealed 

that grass grub populations of the order of 400-600 early 

third-ins tar larvae per square metre cause moderate damage 

to irrigated Winchmore pastures, autumn production being 50% 

of that in undamaged areas. Moderately damaged pastures 

recover completely by the following spring in terms of clover 

and total dry matter production, at least under the conditions 

of high starling predation and heavy stocking during autumn 

and winter. This recovery is accompanied by a tendency 

for the amount of brown top and Yorkshire fog in the sward to 

increase at the expense of ryegrass and crested dogstail. 

Autumn grass grub populations which exceed about 800-

900 third-ins tar larvae per square metre cause severe pasture 

damage, total dry matter production being 10-20% of that in 

undamaged areas. These severely damaged areas do not recover 
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completely by the following spring but may do so by the' 

subsequent summer, at least if starling predation and stocking 

rates were high during autumn and winter. 

(15) Q. ?:e'alandica has a low fecundity but its typical 

survivorship curve is not markedly concave, mortality of 

eggs and young larvae 'being relatively low. Grass grub popu

lations consequently increase over a period of several years 

until they deplete their food supply, causing severe pasture 

damage. Natural control is then brought about by density 

dependent larval combat mortality. This study has shown that 

starling predation in areas of irrigated Canterbury pasture

land with high numbers of starlings can regulate grass grub 

populations at densities below the level where they severely 

deplete their food supply, that autumn drought can check the 

growth of grass grub populations in non-irrigated pasture

land by causing about t of the population to enter a two-year 

life cycle, and that spring drought can cause a marked popu

lation decline in non-irrigated areas by resulting in a small 

proportion of the potential fecundity being laid. 

(16) In the Winchmore high predation area starling pre

dation of third-instar larvae gave effective biological con

trol of grass gr~b in combination with irrigation, high stock

ing rates, and intelligent grazing management. It was con

cluded that the use of starlings for biological control of 

grass grub may only be possible in localised areas with 

very high starling numbers. 
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