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Activity 8: Interspecific relationships – extra questions

1. Graphs A–C following show some of the ways in which the food preference of a 
predator may be influenced by relative abundance of one of its prey species. In 
each experiment the total numbers of prey remain the same – it is the abundance of 
one prey species relative to other prey that is varied experimentally.
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 Graph A shows the effect of relative abundance of the mussel Mytilus edulis in the 
diet of a predatory snail. Prey availability is expressed as a percentage of the total 
food available. 

 Graph B shows the effect of relative abundance of mayflies on the feeding 
preference of the predator Notonecta (a carnivorous freshwater bug).

 Graph C shows the effect of varying the proportion of the small freshwater 
crustacean Daphnia in the environment relative to other food animals, on the 
proportion of Daphnia caught by Hydra, a small freshwater coelenterate. 

 a. Give the number of the graph, together with a reason for your choice, for:
  i. no particular food preference
  ii. a consistent preference for the prey species regardless of its availability
  iii. a preference for prey that is more common, relative to other prey species.
 b.  Write a conclusion for Graph D.

Interspecific relationships – extra questions and answers
(Extension material for Level 3 Biology Study Guide, ISBN 978-1-927194-58-4, page 126)  
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2. Guppies are small freshwater fish which feed on small invertebrates such as worms 
and crustaceans. In a series of experiments on prey preference, guppies were 
provided with maggots and small freshwater worms in varying proportions. In each 
case the proportion of worms in the food actually eaten was recorded. The results 
are shown in the graph as a line of best fit.
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 a.  Describe what happens to the preference for worms as they become more 
common.

 b. Suggest why the guppies change their preference.
 c.  Give the significance of prey switching for the control of populations by 

predators.
3. Ostriches have acute vision and when standing with head about 2 m above the 

ground, they have 360° vision and cannot be stalked or rushed by lions, their chief 
predators. Ostriches feed by pecking their food from the ground and, while the head 
is down, cannot see a lion until it gets close. It is during such head-down periods 
that a lion may attempt to stalk an ostrich and, if it can get close enough, rush it and 
kill it. An ostrich can run faster than a lion and, provided that it sees the lion early 
enough, it can always escape. Ostriches therefore have to ensure that they balance 
the need to feed against the need for vigilance.

 The following graph shows the results of studies on the behaviour of ostriches. 
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 a.  Describe the relationship between median percentage time spent with the head 
up and:

  i. the number of birds in the group?
  ii. the sex of the birds?
 b.  Explain how the vigilance of female ostriches is affected when in single-sexed 

and mixed groups.
 c. The table shows the results of further studies on vigilance in single-sex groups.

No. of birds in group

1 2 3 or 4

Mean no. of head 
raises per minute

Males 3.7 3.0 2.0

Females 3.7 2.5 2.0

Mean duration of 
head raises (seconds)

Males 6.8 5.9 5.5

Females 5.9 5.0 5.0

  How is vigilance affected by the size of the group and the sex of the birds?
 d.  Male ostriches are territorial and search their surroundings for other males which 

they drive out of their territory, but they display to females and mate with them. 
Explain how the previous data relate to this sexual behaviour.

4.  An investigation was carried out to find out the effects of grazing by deer on an 
area of grassland they frequented. From within a 22-year study period, a three-year 
period was chosen when the deer population was small (as indicated by low catch 
numbers). During this three-year period, the percentage frequency of a number of 
plant species was determined, as well as the mean height of the vegetation. The 
results are shown below.
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Species Percentage frequency Mean height of 
plant species 

(cm)Start of 
3-year period

End of 
3-year period

Fescue grasses 
(Festuca)

51 32   5.1

Sedges (Carex) 11   8   3.7

Creeping bent grass 
(Agrostis stolonifera)

10   5   1.4

Wild thyme 
(Thymus drucei)

15   4   0.7

Gutierrezia sarothrae 13 45   18.6

Cirsium flodmanii   0   6   25.9

All vegetation:
Start of 3-year period
End of 3-year period

  2.3
  17.5

 a.  Explain the results shown in the percentages of the grass species over the three- 
year period.

 b.  Discuss how the vegetation in the area might change further if deer numbers 
remained low over the next ten to twenty years.

5. The diagram shows the vertical distribution of two species of European filter-feeding 
barnacles, Semibalanus balanoides and Chthamalus stellatus on rocky shores. S. 
balanoides inhabits most of the intertidal zone, while C. stellatus is restricted to the 
extreme upper end of the shore. Very young Chthamalus occur down to mid-tide 
level, but they grow more slowly than Semibalanus. It was suggested that the reason 
for the absence of older Chthamalus individuals was competition for space by the 
more rapidly-growing Semibalanus.

C
hapter 1
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  Suggest two possible reasons for the inability of Semibalanus to grow on the upper 

shore.
6. The orchid Chiloglottis trapeziformis depends on a single pollinator, the thynnine 

wasp (Neozeleboria cryptoides), for reproduction. It does this by physically 
mimicking and exaggerating the measurements of an attractive female wasp. The 
wasp-mimicking structures on the orchid are a third larger than those of the actual 
wasp females and over five times wider. The orchid also produces ten times the 
concentration of a sexual pheromone (chemical attractant) produced by the female 
wasp.

 a.  Explain why the orchid exaggerates both female wasp-mimicking structures and 
pheromone concentration.

 b.  Once the orchid is pollinated, the chemical attractant fades and a new fragrance 
is immediately produced, which mimics that of a brooding female wasp, 
discouraging further visits from male wasps. 

   Explain how this second response by the orchid promotes cross-pollination of 
the flowers.
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 c.  In orchids, successful seedpod production is rare, but the numbers of seeds 
produced per pod are extremely high. Orchid seeds are very small and light, 
like particles of dust. When dispersed, the seeds must connect with mycorrhizal 
fungi in order to germinate, or they will not survive. 

   Discuss the range of strategies orchids use to maximise their reproductive 
success. Use the given information in this question. In your discussion, you 
should focus on:

  • the relationships the orchid has with other organisms
  • how and why these organisms are used by the orchid
  •  how the reproductive strategies used by the orchid increase its chances of 

survival.

Answers
1. a. i.  Graph C. Since the graph is a straight line, the percentage of total prey 

available does not change.
  ii.  Graph A. Since mussels form a much higher proportion of the diet than their 

availability would suggest if there were no preference. For example, when the 
mussels form 20% of the food offered, they account for just over 61% of the 
food eaten.

  iii.  Graph B. The sigmoid curve shows that when mayflies are relatively uncommon, 
an increase in prey availability results in a greater increase in percentage of 
mayflies eaten. For example, a doubling of mayflies in the environment from 20% 
to 40% results in a four-fold increase in the percentage of mayflies in the diet.

 b.  The success of the predator increases with previous exposure to the prey, suggesting 
that success in catching a particular kind of prey improves with practice. For 
example, when only 20% of the available food contains Asellus, the % of successful 
attacks is less than half of that when 100% of the available food contains Asellus.

2. a.  The fish show an increasing preference for worms as the latter get commoner. 
Since points form an upward curve, the proportion of worms in the diet increases 
more than their availability.

 b.  When a predator has to search for prey, the detection rate improves with practice, 
because it forms a ‘search image’ of the prey.

 c.  By switching its choice of prey, a predator can eat an increasing proportion of a 
prey population as prey density increases. Prey switching is thus one means by 
which a predator can exert density-dependent control over a prey population.

3. a. i. Time spent with head up decreases with increasing group size.
  ii. Males devote a greater proportion of their time to vigilance than females do.
 b.  It is higher in single-sex groups of two (21%), compared with 16% in mixed sex 

groups.
 c.  Vigilance is best expressed as a %, calculated as mean number of head raises per 

minute × mean duration × 100/60, shown in table:

No. of birds in group

1 2 3 or 4

Males 41.9% 29.5% 18.3%

Females 36.4% 20.8% 10%
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   Vigilance decreases as size of group increases and vigilance increases less in 
females than in males. However, since individuals in groups of 2 are vigilant 
for more than half as long as when alone for both males and females, for each 
individual there is more vigilance in a group than when alone.

 d.  So far as looking out for other males is concerned, increased group size would not 
relieve the male of the need for vigilance (though it would so far as anti-predator 
vigilance is concerned). The data support this, since decrease in % vigilance with 
increase in group size is less marked in males than in females. The greater time 
spent on vigilance by males allows females in mixed groups of two to spend more 
time feeding than they can when accompanied by another female (see b. above).

4. a.  The grassland community is exhibiting succession – the composition of the grass 
species has changed over the study period as some species die out and others 
become established as a result of successive species modifying the environment. 
As the mean height of the vegetation increased due to few deer grazing the area, 
the grasses were shaded so had less light for photosynthesis and died out. 

 b.  Plants taller than the shrubs would eventually grow so there would be no grasses 
and fewer shrub species over time; as each succession modified the environment 
to the extent that it could no longer live yet other species could. Eventually a 
climax community would be reached where there would be no further changes in 
species composition.

5. Desiccation, or alternatively the shorter feeding time due to insufficient period of 
immersion by sea water.

6. a. The flower needs to attract male wasps. It does so in two ways.
  •  Pheromones (sex-attractant scents) are effective at long range and are able to 

lure wasps from a distance greater than visual signals could; also effective in 
dim light.

  •  Visual signals (wasp-mimicking structures) are effective at a short range (act in 
conjunction with scent). They also serve to ensure that the male wasp is oriented 
correctly on the flower so pollen is deposited on the wasp’s body where it will 
be efficiently picked up by the stigma of the next flower the wasp visits. In effect, 
the flowers compete for the male’s attention with the female wasps they mimic. 
Having larger than actual wasp-mimicking features and a stronger scent help to 
ensure the flowers are visited frequently enough to ensure pollination.

The male’s response is innate (instinctive), triggered by the sensory stimuli 
(scent and visual signals) the male receives. These stimuli are often referred to 
as ‘releasers’, as they release an innate response. By exaggerating the releasers 
(sometimes referred to as super-normal releasers), the response of the male and 
thus pollination are assured.

 b.  Pollinated flower has had its pollen dispersed and has received pollen from another 
flower via the wasp pollinator, so has no further need for pollination. Change in 
scent (from that of a sex-attractant to that of a brooding female wasp) not only 
discourages further visits but also means male wasps will be more likely to visit:

  •  unpollinated flowers (increasing the chances of crosspollination) – in most 
plant species, there is a succession of opening flowers; if all flowers on a plant 
opened at once, self-pollination would be more likely, but having only a few 
flowers encourages pollinators to visit other flowers (on other plants), i.e. cross-
pollination
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  •  actual female wasps – ensures successful wasp reproduction so there will be 
wasps to pollinate the orchids in the future (future orchid pollination depends 
on the survival of sufficient wasps).

 c.  Relationships the orchid has with other organisms and how and why these 
organisms are used by the orchid

  The orchid forms two relationships with other species.
  •  Exploitation – orchid attracts male wasp so the wasp will try to mate with 

the flower and in the process pollen deposited on wasp’s body. Pollination 
complete when wasp visits another flower and deposits pollen there. In most 
flower-animal pollinator relationships, pollinator derives some benefit (nectar 
or edible pollen) and thus the relationship is mutualism (both benefit). In this 
relationship, however, pollinator is deceived and receives no benefit; thus an 
example of exploitation.

  •  Mutualism – relationship with mycorrhizal fungus beneficial to both species 
(is an obligate relationship for the orchid but usually facultative for the fungus, 
which can survive outside the relationship). In orchids, the association with 
the fungus is vital for germination. Because orchid seeds are very small, they 
contain little food reserves. Fungus aids germination by supplying source of 
nutrients. In adult orchid plants, fungal hyphae infect or surround the orchid’s 
roots and form a sheath over their surface. Both species benefit (+ / +). Fungus 
receives habitat (somewhere to live) and supply of food materials produced 
by the photosynthetic orchid plant in its leaves and translocated to the roots. 
Orchid benefits from fungal ability to absorb water and nutrients more 
effectively (fungal surface area vastly exceeds that of orchid roots, which lack 
root hairs). Orchid is thus much more drought resistant than it would otherwise 
be. Also possible that the fungus increases orchid’s resistance to pathogens.

   How the reproductive strategies used by the orchid increase its chances of 
survival

  The orchid’s basic reproductive strategy is based on the following.
  •  Attracting wasps as pollinators by mimicry – wasp not harmed, although its 

time and effort are diverted from its own reproduction; scents and other stimuli 
ensure successful cross-pollination.

  •  The exaggerated levels of pheromones produced ensures attention of male 
wasps – change in scent after pollination complete ensures other flowers 
visited and cross-pollination more likely.

  •  Producing a large number of small seeds – each seed has a very low survival 
chance, but this is compensated for by having so many; seeds easily dispersed 
by wind and will be distributed widely to wherever the fungi needed for their 
germination might be.

  •  Fungus is needed for successful seed germination – seeds have little stored 
food, and association with fungus ensures survival because fungus supplies 
needed energy and nutrients; benefit to fungus occurs once orchid has grown 
and able to supply fungus with food from orchid photosynthesis.


