IV.7 Nutritional Needs and Control of Feeding

Anthony Joern

The primary concern of range managers is forage loss,(2) As with all organisms, an energy source fuels the

not the number of grasshoppers per se. After all, other
than causing the loss of forage intended for other uses,
grasshoppers do not generally present significant prob-

basic metabolism. Grasshoppers must eat sufficient
energy besides protein to prevent the conversion of
scarce protein to energy. Allocation of protein to

lems. In natural systems, grasshoppers may exhibit manygrowth and reproductive functions such as cuticle

positive attributes unrelated to agriculture (see chapter
VII.16). Because forage consumption is the primary

issue, understanding the basic nutritional needs and con-

(skin) and muscle formation or egg production opti-
mizes protein use.

trols on feeding that drive food consumption by grass- (3) The dynamic process of balancing nutritional needs

hoppers is important. From a modeling standpoint (in

responds to many situations that can cause dramatic

Hopper, described in chapter VI.2), consumption rates by changes in feeding behavior. Nutritional needs

grasshoppers of different sizes eating food of variable
quality become key inputs to estimate forage loss.

Scientists have only a rudimentary understanding of
grasshopper nutrition (Simpson and Bernays 1983,

change as the grasshopper develops and switches
from nymphal to adult stages. Reproductively mature
adults exhibit striking sex-specific differences in allo-
cating nutritional resources. In addition, depending
on the adequacy of the diet for immediate needs,

Bernays and Simpson 1990). For example, grasshoppersinternal physiological and biochemical processes may

probably require the same 10 essential amino acids as
required by mammals to support survival, growth, and
reproduction. These include arginine, histidine, isoleu-
cine, leucine, lysine, methionine, phenylalanine, threo-

nine, tryptophan, and valine. However, the exact amino

acid requirement for any grasshopper species is
unknown. But scientists do know enough to provide a

basic framework for understanding grasshopper nutrition.

This knowledge is useful for predicting: (1) why grass-
hopper populations respond as they do, (2) why food
consumption rates vary as they do, and (3) why some
grasshopper control tactics will be more suited than

reallocate internal nutrient budgets to satisfy new
requirements. As a result, certain activities, such as
egg production or growth, cease if the diet becomes
inadequate. These shifts probably happen often in
natural environments, given that only poor-quality
food is generally available to meet high-quality needs.
Consequently, internal reallocation of nutrients may
alter feeding behavior. These feedbacks can increase
or decrease total consumption or cause switching
among available food sources to adjust the intake to
meet new nutritional needs.

others, depending on the availability of suitable food. One can manipulate the following factors to alter the

Equally important, cultural management practices devehutritional economy and control of feeding: food acqui-
oped by range managers must work with naturally occusition, digestion, assimilation, utilization, and allocation.
ring constraints on grasshopper food consumption. Th&$ese factors interact as highly coordinated processes
new management practices can be successful only if with many feedbacks. Figure IV.7-1 illustrates the prin-
basic underlying nutritional issues are incorporated intocipal tissues and organs involved in nutrient acquisition,
the planning process at the beginning. storage, and metabolism. Such tissues interact to control
acquisition and allocation of nutrients. Feedbacks control
From the grasshopper’s viewpoint, what considerationsconsumption rates among these components, the quality
are important to feeding? of the food, and nutrient needs. Because of this interac-
tive system and its feedbacks, insect herbivores achieve
(1) Among insects, grasshoppers exhibit the highest totedmarkable efficiency at extracting required resources
nitrogen body content but typically feed on food thatfrom plant material and in compensating for dietary defi-
is very low in nitrogen. Since high protein content irciencies.
grasshoppers comes primarily from low soluble-
protein content in food plants, grasshoppers must
make up this difference in protein concentration by
eating and converting sufficient food material.
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Figure IV.7-1—Multiple organ systems contribute to the acquisition, metabolism, distribution and
deposition of proteins in grasshoppers, as depicted (adapted from Hinks et al. 1993).

Internal Needs and Allocation of Nitrogen Why is nitrogen (protein and amino acids) in such
demand to an individual grasshopper? Quite simply, pro-
Nitrogen Requirements.—An adequate diet requires  teins not only make up major components of most ana-
many components: protein or amino acids, energy-  tomical structures (such as muscle and cuticle) but are
containing substances, water, minerals, and sterols, also intricately involved in most physiological and bio-
among many others (Bernays and Simpson 1990). To chemical activity (all enzymes). Two examples from
illustrate the dynamic nature of nutrient use and controlamong many illustrate this point (reviewed in Hinks
the internal allocation of protein among competing physit al. 1993).
ological needs provides a good example (fig. IV.7-2);
similar relationships can be drawn for other nutrients (1) Structural components require much protein. Cuticle,
although the details will differ. | illustrate nitrogen use  which is about half protein, accounts for about 50 per-
because of its importance in so many key stages in a cent of the grasshopper total dry mass. Because of
grasshoppers life history (McCaffery 1975). As figure cuticle replacement at each molt, both growth and
IV.7-2 shows, many physiological and biochemical pro- cuticle replacement require massive investments in
cesses require amino acids as building blocks. These protein. Upon molting to the adult stage, the cuticle
processes simultaneously compete for the available weight almost doubles, and allocation of protein
amino acid pool (Hinks et al. 1993). An amino acid pool (amino acids) to flight muscle triples.
that is insufficient to meet all needs will reduce physio-
logical activities. Protein reallocation to other processef) The hemolymph (body fluid) contains an important
depends on their relative importance to critical life amino acid pool most of the time and provides amino
functions. acids for use in synthesizing structural, functional,
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and storage proteins. Most amino acids come from Nitrogen Allocation.—After acquiring protein or amino
digested proteins in leaf material. Grasshoppers typeids from food, the strongest sink(s) (processes requir-
cally maintain high amino acid concentrations. But ing significant amounts of nitrogen) direct the ultimate
some flux occurs, particularly during periods of fate of these constituents. The sinks change depending
strong demand for amino acids to drive growth, digesn the developmental stage and sex of the grasshopper.
tive, and reproductive processes. In addition, manyFor example, nymphal grasshoppers may allocate avail-
proteins reside in the hemolymph. Fat bodies produaiele protein between growth (soft tissues and cuticle) and
lipophorins that serve as storage proteins that are heligestive enzymes. Adult females exhibit antagonistic

in reserve to support future activities. In adults, eggprotein demands among body growth, digestive enzymes,
production requires large amounts of the protein ~ and ovarian growth (including egg formation)

vitellogenin. Production and maturation of eggs re- (McCaffery 1975). Under most situations, especially
quire the diet-dependent accumulation of vitellogenimhen high-quality food is limited, all activities cannot

For example, ilMelanoplus sanguinipesiccumula-  proceed at maximal rates.

tion of vitellogenin occurs rapidly after wheat con-

sumption but slows following oat consumption (Hink§issue proteins are quite labile (able to change), so their
et al. 1991). Adult males also accumulate various constituent amino acids are available for transfer to other
proteins in the hemolymph and accessory reproduc-body functions with greater need. As an example, during

tive glands with the levels decided by diet. starvation, grasshoppers resorb developing ovarioles,
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Figure IV.7—2—Diagrammatic representation of protein allocation among cuticle, tissues, and
organs of grasshoppers (adapted from Hinks et al. 1993).
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muscle, and gut tissue mass, and the fat body mass Dietary imbalance often alters feeding behavior to com-
decreases with a sharp drop in protein reserves. Re- pensate for suboptimal meals (McGinnis and Kasting
assigning the constituents to other processes protects th@67, Raubenheimer and Simpson 1990, Raubenheimer
animal from death (Hinks et al. 1993). When carbohy- 1992, Yang and Joern 1994a—c). A grasshopper that
drate intake is insufficient, grasshoppers may metabolizncounters plants low in a critically needed substance
protein to supplement the depletion of energy reserves(protein, for example) may either reject this plant or
Many of these resorption processes are diet dependenthoose another. Each meal is unlikely to contain the
where different food plants lead to differential resorptiomptimal balance of required nutrients. Also, an insect

rates depending on their nutritional quality. cannot regulate the intake of one nutritional category
_ o _ without simultaneously altering the intake of all others.
Dietary Mixing and Compensation Very often, some plant or tissue may exhibit high quality

for some nutrients and poor quality for others. By vary-
Few grasshopper species eat only a single or even justiag the specific intake order of different food plants or
few plant species (Chapman 1990). In addition, individtissues, grasshoppers can regulate nutrient balance.
als seldom specialize but readily feed on many plant spe-
cies and parts. Polyphagous feeding (eating many kindd/ater Balance
of food) appears to benefit individuals, and patterns of
host plant selection illustrate adaptive behavior. GrassGrasshoppers actively regulate internal water balance.
hoppers that feed on mixtures of food plants typically Besides the primary nutrients, water also can sometimes
grow at faster rates than when fed single, otherwise suiglter patterns of diet selection to maintain internal water
able, host plants (MacFarlane and Thorsteinson 1980, balance (Bernays 1990). In very dry years, lack of water
Lee and Bernays 1988). Such mixing may serve severalay explain grasshopper mortality better than low food
purposes (Bernays and Bright 1993): availability. Too little information currently exists to
tease apart the relative importance of water availability
(1) Diet mixing may dilute potentially poisonous plant versus other nutritional components, especially under
chemicals that differ significantly among plants. field conditions.

(2) Diet mixing may provide a better balance of nutrientdleal Size and Frequency
if grasshoppers cans sense the differences between
host plant species and pick plants whose nutritive prgtultiple interacting factors in a series of correlated rela-
files correct the insect’s need. Optimal diets con-  tionships with unclear causal links regulate meal size and
structed in this fashion would counter incomplete  number. Persons responsible for developing grasshopper
nutrition obtained from single plants. management plans will readily see the use of measuring
plant quality to estimate forage losses to grasshoppers.
(3) Because many detoxification systems rely on inducétigures IV.3-3 (on p. IV.3-7) and IV.7{Blelanoplus
enzymes (enzymes constructed only after the sub- differentialisandLocusta migratoria)llustrate relation-
strate is present), frequent mixing of such plants cowHips between host plant quality, temperature, and vari-
maintain broad capabilities to deal with an array of ous components of the feeding responses, including
poisons. This variety protects individuals from suc- elements of food processing, that enter the equation. In
cumbing to occasional high doses of plant toxins. some of these cases, inverse responses (including in-
Evidence supports a variety of additional mechanismneseased feeding rate and lowered time of digestion in the
that cause dietary mixing, including learning, gut) must hold. How grasshoppers control the process is
chemosensory changes, and arousal with novel feedften unclear (Yang and Joern 1994b, c).
ing cues. Each appears to become important to differ-
ing degrees in various grasshopper species.
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Figure IV.7-3—Effects of food deprivation time, age during the fifth instar, level of
phagostimulation, and presence of other individuals on feeding behaliocwst migratoria

(adapted from Simpson 1990). Phagostimulation was promoted by dipping wheat seedlings in 1M

sugar solution. Crowded conditions represent the presence of two other individuals in the test

versus a single grasshopper (alone).
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When food is lower in quality, boti. differentialisand _
L. migratoriatypically eat more often for a longer period-9 9ut dry weight (g)
Food residence time (the time that the food remains in fRa
gut for digestion) increases as diet quality increases. As
expected, the longer food remains in the gut, the greater
is the assimilation rate. In addition, weight gain gener- -3
ally increases as food quality increases, although
temperature-dependent metabolic effects can modify this
response. Grasshopper metabolic rates increase with -4
temperature, thus requiring faster energy intake to main-
tain a constant energy balance. At higher temperatures,
weight gain may decrease because an increased metahgli
rate burns off energy otherwise allocated to growth. Age
and prior food deprivation can also exhibit significant
impact on feeding responses (fig. IV.7-3). An important, |
interaction between palatability and deprivation also
exists as seen for plant material coated with sucrose, a
feeding stimulant. After a period of about 5-8 hours, | | | |
such as that experienced by grasshoppers on cold, cloudy 3 2 1 0
days, food stimulation plays a secondary role to food
deprivation.

Log body dry weight (g)

Figure IV.7-4—Regression of log-gut-dry mass to log-body-dry mass
Grasshopper body size also influences meal size. Largg females of 29 species of grasshoppers from a Nebraska sand hills
animals can eat more than small ones because of the prairie. Vertical bars represent standard errors (adapted from Yang
absolute differences in gut volume (fig. IV.7—4). Grass-and Joern 1994a).
hoppers also can compensate for poor-quality food by
increasing the allocation to the gut. This ability results in

a larger gut size, which in turn increases the ability to Regulating Grasshopper Food
extract resources from food (Yang and Joern 1994a). Consumption

Feeding history can influence grasshopper movement, . - i
although few details exist. Grasshoppers exhibit Iower%li\g/hat decides the amount and timing of grasshopper feed

. : . g? Not unexpectedly, a variety of internal physiologi-
2?%”5:116\3:”8,[ a?go??r:lsnslg(\j\;feijglliitafgco%s agfégebe:rlgggal feedbacks interact to maintain a constant
. gn-q Y 9 y tood. - . concentration of key nutrients in the hemolymph. For the
ior may explain why grasshopper densities increased in

rass patches in response to the fertilization level most part, neither modelers nor land managers will rou-
?Heidor:n and Joern 5)987' see IV.4). From a land tinely incorporate directly into their planning known
, . ' S hsysiological responses that regulate feeding. Conse-
managers perspective, th'.s reIatlonsh_lp means that grEgsuéntly this section is short. However, developing some
hoppers will seldom be uniformly qllstnbuted across = sense of what regulates grasshopper feeding behavior at
rangeland. Land managers may find that for control

. . . . . o the physiological level can be useful in trying to under-
operations involving baits to be effective, distribution Py 9 ying

. i stand “motivational responses” that do not act at cross
patterns based on food quality are important. Clever Ianél P

managers may find ways to exploit this relationship in purposes to what the grasshopper does. In addition,
resegtin bai¥s for cor?sum tiopn both by addin gatin clever managers may figure out methods to short-circuit

pr 9 AT ption, 1 y 9 Yhese feedbacks in desirable ways. | feel that even a little

stimulants and “artificially” increasing concentrations of.

grasshoppers insight is helpful.
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When physiological needs shift, internal controls must Final Comments
shift accordingly. Thus, feeding-control mechanisms bal-
ance nutritional needs at several levels, some of whichDynamic relationships that define food consumption
cannot always be simultaneously satisfied: water, pro-require a multidimensional approach, mostly because a
tein, energy, trace minerals, and nutrients (such as stergliginge in one variable, food quality, can exhibit so many
and fatty acids, specific free amino acids, and vitaminskffects. Because our ultimate goal revolves around
Internal physiological feedback mechanisms include neteducing forage loss to grasshopper consumption, esti-
rological control, osmoregulation (maintaining water bamating these losses now and in the future becomes
ance), and responses by chemoreceptors. These important. Host plant quality and the total number of
mechanisms ultimately interact with environmental fea-grasshoppers (weighted by size) drive this relationship.
tures that define the quality of food available and the tirsywever, most feedbacks that interact with temperature
available to feed and process food. can play havoc with simple regression analyses so that
more complex, dynamic models seem desirable in a fore-
In assessing grasshopper damage, food consumption casting sense. Dietary compensation takes place and
stands at center stage. Regulation of food consumptioearns a central position in understanding grasshopper
depends on meal size, meal duration, and ingestion ratfeeding behavior. At present, | feel that these details will
(Simpson and Bernays 1983, Simpson 1990). Palatabibbscure relationships at the levels most useful to land
ity of food, duration of prior food deprivation, develop- managers: too many detailed data are required. How-
mental stage, elapsed time within a developmental stagsser, forecasting modelers should continue to evaluate
and presence of other individuals nearby all affect meakuch notions in the hope that simplified and readily mea-
size or duration. In addition, internal controls such as sured variables can increase local forecasting success.
fluxes in amino acid concentration in the hemolymph can
regulate feeding based on nitrogen needs through a sefsferences Cited
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