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 Abstract.   Extrafloral nectaries are one of many defense mechanisms that plants have 
evolved to counteract predators and insect herbivores. In addition, extrafloral nectaries 
(EFN’s) is a type of nectar secreting organ which primarily function in plant defense. 
Often associated with the presence of aggressive ants, this evolutionary trait is known to 
be commonly found in tropical plant species like the commercially popular Morinda 
citrifolia tree. Thus, this study aims to investigate different factors that could potentially 
influence the interactions seen between insects and M. citrifolia on the island of Moorea, 
French Polynesia. Moreover, this study will look at how ant distribution and ant species 
composition will vary across time and space, and what these findings from this study can 
imply for future research. The variables observed in this study were ant counts, ant 
species composition, and leaf damage. These factors were looked at in response to 4 
independent treatments: day vs. night, different developmental stages of the tree, various 
microhabitats, and fruit size. It was found that all dependent measures were highly 
variable amongst different microhabitats of the Noni tree rather than throughout 
different parts of the day. The biological implications that can be made within the 
confines of this report  suggest that EFN’s are indeed aiding in the Noni tree’s fitness and 
survival on the island, and that this is important when trying to look for future solutions 
in combatting high amounts of herbivorous activities seen with climate change.  
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INTRODUCTION 

 
Spanning the South Pacific Ocean, 

Oceania and its islands can be divided into 
three parts: Micronesia, Melanesia, and 
Polynesia (Merlin 2000, Whistler 2009). 
Coming from volcanic activity that first 
occurred millions of  years ago, these isolated 
archipelagos gave rise to hospitable 
environments and open niches in which many 
organisms and plant communities have been 
able to successfully colonize and thrive 
(Gillespie and Baldwin 2010). Mechanisms of 
transport for different species include natural 

means such as wind travel, river rafting, 
island hopping, and/or seed dispersal by 
birds (Gillespie and Baldwin 2010). In 
contrast, other organisms are introduced via 
anthropogenic means, as is particularly true 
for “canoe plants”, or introduced plants that 
are considered to be of importance by 
Polynesian voyagers and placed in their 
canoes during their long journeys across the 
South Pacific Ocean (Whistler 2009).  

Of the many canoe plants that Polynesians 
had taken on their voyages, 6 have been 
documented to be the most commonly carried 
by seafarers: Aleurites moluccana, Morinda 



citrifolia, Eugenia malaccensis, Solanum 
nigrum, Saccharum officinarum, and Ipomoea 
batata (Abbot and Shimazu 1985). Although 
these plants have been carried around for 
centuries across Oceania, it was not until 
recently that one particular plant, Morinda 
citrifolia, has grown in popularity across the 
globe (McClatchey 2002, Dixon et. al 1999).  

Morinda citrifolia and its varieties are part 
of the Rubiaceae plant family and originate 
from Southeast Asia (Singh et. al 2011, 
Razafimandimbison 2010 ). Commonly known 
as the “Noni” in French Polynesia, the plant is 
a small evergreen, monoecious tree that can 
grow up to 10 meters tall (Elevitch 2006). Its 
smooth margined leaves are arranged in a 
decussate-like pattern, with each simple and 
ovately shaped leaf attached to the stem and 
stipules using a petiole. Blades can grow up to 
about 45 cm long and 25 cm wide, and fruits 
up to 8 cm in diameter (Elevitch 2006). The 
plant can be identified by its green, immature, 
and aggregate fruits that become a yellow 
translucent color when ripe. The fruits 
contains seeds which are held in protective air 
chambers that allow the seeds to survive for 
months after being dispersed in ranges of 
habitats such as low-elevation lava flows, 
rocky coasts, and high saline soils (Elevitch 
2006; Razafimandimbison 2010). Furthermore, 
the Noni plant can be identified by the types 
of insects it attracts and tissue damage that it 
accrues.  This is particularly important 
because as Noni products gain popularity, 
they have been planted more widely across 
the globe (Elevitch 2006).  With this increase in 
Noni cultivation, potentially invasive insects 
and related agricultural pests have often 
followed  (Elevitch 2006).  

The kind of pests and herbivory that the 
Noni plant attracts includes aphids, scale 
insects, leaf miners, weevils, whiteflies, 
caterpillars, thrips, and mites (Elevitch 2006). 
Interestingly, the plant also attracts ants, 
which are considered to be both beneficial and 

harmful for the Noni plant.  This is especially 
true in disturbed habitats where ant-foraging 
behavior is relatively high (Bentley 1976). 
These ants tend to be associated with 
morphological features such as extrafloral 
nectaries found on the Noni tree and many 
other plant species (Keeler 1985, Savage and 
Rudgers 2013, Nelsen et al. 2018). Extrafloral 
nectaries (EFN’s) are nectar-secreting organs 
found outside of the flower whose primary 
function is not involved in pollination, but in 
plant defense (Keeler 1985, Oliveira et. al 1999; 
Weber and Keeler 2013). This plant defense 
mechanism, commonly found in the tropics, 
had evolved during the mid-Cretaceous 
period and is often seen recruiting defender 
insects that increase plant fitness (Wilson and 
Holldobler 2005, Nelsen et. al 2018,  Marazzi 
et. al 2013).  

On the Noni plant, the EFN’s are said to 
be located in the circular cavities of the fruit 
that may also contain regular nectaries and 
 post-floral nectaries as well (Savage and 
Rudgers 2013, Keeler 1985). These nectary 
cavities are what secretes the sugars that have 
been seen to attract ants on the Noni tree for 
plant defense (Savage and Rudgers 2013, 
Keeler 1985). In contrast to this mutualism 
with plants, ants have also been categorized as 
“cryptic herbivores” by other scientists 
(Wilson and Holldobler 2005). In other words, 
ants are also attracted to honeydew-producing 
insects (HPI’s) which destroy plant tissue. This 
evolutionary behavior amongst these two 
insects had evolved around the early Eocene 
period, and in one study has been shown to 
dramatically increase HPI abundance by 
8200% (Wilson and Holldobler 2005, Styrsky 
and Eubanks 2007). 

This study aims to investigate ant-plant 
mutualisms in response to insect herbivory as 
seen in the tropical evergreen tree - Morinda 
citrifolia, or the “Noni”. More specifically, this 
study will focus on how insect herbivory may 
differ across time and space throughout a 



species’ life cycle, and how the Noni tree has 
adapted to utilize ants to their advantage 
among their different plant parts. This 
research will explore whether or not there is a 
difference in ant distribution during 24 hour 
periods, and to infer what this might say 
about the pest-host interactions between 
omnivorous insects and plants. My hypothesis 
is that there is a difference in ant activity 
between the day and night, and that this may 
implicate how strongly the two different ant-
attractants are in comparison to one another. If 
my hypothesis is correct, does this infer 
anything more about insect herbivorous 
activity on the Noni? And if so, how does 
varying herbivory levels change throughout 
different developmental stages of the tree 
(between immature trees with no fruit vs. 
intermediate trees vs. older trees who bear 
fruit and EFN’s)? Is there a correlation 
between fruit/EFN onset and percent 
herbivory found on this plant species? And if 
so, what might this say about the relationships 
between the plant species and insects through 
broader levels of time and space?  
 

METHODS 
 

Study site 
 

This study was conducted on Moorea, 
French Polynesia; an island located in the 
Southern Pacific Ocean (17°32’ S, 149°50’W). In 
particular, data were gathered from individual 
M. citrifolia (“Noni”) trees located at the Atitia 
Center, adjacent to the UC Gump Research 
Station. The Atitia Center is a public 
community space built in 2004 by local people 
on the island whose main goal was to preserve 
traditional knowledge and Polynesian 
biocultural heritage (“Gump station” 2018).  
 

 
 

Study organisms 
 

Based off a previous study also conducted 
on Moorea, French Polynesia, the species of 
ants that exist at the Atitia Center are 
Solenopsis geminata and Paratrechina 
longicornis. These two ant species are 
 considered to be non-native and invasive 
“tramp ants” that have spread all around the 
globe and eventually reaching French 
Polynesia through human activity and 
commerce (Thomas 2010, Wetterer 2008). 
Solenopsis geminata (“The Red Fire ant”) are 
aggressive ants that have been documented to 
recruit food in higher numbers than any other 
ant species (Wetterer 2010). They also alter 
populations of other insects (Wetterer 2010). 
In comparison, Paratrechina longicornis 
(“Longhorn Crazy Ant”), is erratic in behavior 
and has been documented to be the most 
abundant and widespread “tramp ant” in the 
world  (Banks and Williams 1989, Wetterer 
2008). Both species of ants have been 
introduced to the island of Moorea, French 
Polynesia through anthropogenic means, and 
now exist in abundance in human-disturbed 
habitats such as the Atitia Center. 
 

Tree & Microhabitat Classifications 
 

I compared ant activity on nine separate 
individual M. citrifolia trees representing a 
range of ages: three young aged trees, three 
intermediate aged trees, and three adult sized 
trees. Trees were grouped by age and different 
groups were separated by at least ten meters. 
Only one of the three adult sized trees were 
analyzed for ants because of ease of physical 
access to the crown.  

Ages of the trees were identified by 
whether or not they bore fruit: young trees 
were identified as trees with no fruit, 
intermediate trees were identified having only 
immature green fruit, and old trees were 
identified as bearing both immature and 



mature fruit. At least three branches were 
analyzed per group (young, intermediate, old 
trees). Each branch was assigned a random 
number, and a random number generator 
application was used to select the branch to be 
analyzed for ant count (Version 1).  

The microhabitats of each branch that 
were analyzed were: old leaves, young leaves, 
and fruits. To standardize for the amount of 
variation in the number of leaves per branch, 
two leaves from the first two nodes closest to 
the trunk were randomly selected for the “old 
leaves” category, and two leaves from the last 
two nodes furthest from the trunk were 
randomly selected for “young leaves” 
category.  
 

Time  
 
 Field observations were collected at 
specific times of the day, across a set number 
of days. All day-time analyses were conducted 
between the hours of 10:00 and 17:00. All night 
time analyses were conducted between the 
hours of 20:00 and 00:30 of the following day. 
For every 24 hours, 15 randomly selected 
branches from 7 Noni trees were analyzed for 
the probability that ant distribution  between 
the day (hour 10:00 to 17:00) versus the night 
(hour 20:00 to 00:30 of the following day) were 
the same. Pictures of all plant parts were also 
taken during day time periods using a white 
backdrop with three different scale bars: 1 
inch, 1 cm, and 1 mm. These pictures were 
used to identify branches during the night to 
ensure that the same branches were analyzed 
as part of the day versus night comparisons.  
 

Space & Insect Activity 
 
 At least 3 branches per tree age were 
randomly selected for analyses everyday. For 
each unit on a branch, I counted the number of 
ants for one minute.  Ants were determined to 
be of different species in the field based on 

color (red vs. black). In addition, qualitative 
observations upon behavior (aggressive vs. 
erratic) were informally noted to determine 
ant species. Aggressive behavior was defined 
as lunging or attacking other species and 
organisms. Erratic behavior was defined as 
avoidance when encountered by other species, 
including the other species of ant. All fruits 
present were also measured for their 
diameters using a ruler in the units of 
centimeters. To ensure that selections were not 
biased, branches and microhabitats were 
assigned a number, and a random number 
generator was used for selection (Version 1). 
Pictures taken during the day were used to 
calculate percent herbivory levels and leaf 
damage using Adobe Photoshop CC 2019  and 
an insect damage guide (Labandeira et al. 
2007, Version 20.0.1). Data obtained from 3 
leaves per branch for a total of 9 randomly 
selected leaves were used to test for 
differences seen in percent leaf damage across 
differently aged trees. 
 

Statistical Analyses 
  
 First, day vs. night comparisons were 
made to address the possibility that the 
number of ants on trees of a particular age or 
tree parts of a particular stage were influenced 
by the time of day. For this comparison, I used 
a sign test to compare the number of ants to 
the variations of time throughout multiple 24 
hour cycles. The sign test was used to test if 
there is a significant difference in the means of 
ants counted between the day vs. night, and 
what these interspecific interactions may 
reveal about how well extrafloral nectaries are 
doing to attract ants in comparison to 
honeydew secreting insects. No difference in 
counts by time of day was found between the 
two species (see Results). Therefore, I focused 
all analyses on numbers counted during the 
day for two reasons: (1) using counts from the 
night time yielded the same types of results, 



and (2) using counts from one part of the day 
rather than both will eliminate the chances of 
committing pseudo replication and technical 
errors in statistical analyses.  
 To determine if total ant counts differed 
among trees of different ages (young, 
intermediate, old) and microhabitats (old 
leaves, young leaves, and fruits); two X2 test 
for independences were employed: a 3x2 test 
that eliminated the fruit category, and a 2x3 
test that eliminated the young tree category. 
Because errors were outputted using PAST 
when looking at individual species counts 
across 3x2 and 2x3 categories, the differently 
aged trees and microhabitats were separated 
into 3 different data sets to compare ant 
species distribution among differently aged 
trees and their microhabitats. To avoid pseudo 
replication again, averages for day time 
observations per tree age were used. 
 No significant difference was found 
between ant distribution and tree age (see 
results). Therefore, a further analysis was 
conducted to determine if different 
microhabitats on each of the individual 
branches are, in fact, what is driving the 
differences seen in ant activity and 
composition in the Noni tree. Here, I used a X2 

square analysis to test for goodness of fit, 
which tests to see if ants are evenly distributed 
on the different branch units or not.    
 Since the amount of ants found on 
different units of the branch may vary, then 
what is driving this influence? Is it the 
honeydew producing insects found on the 
leaves, or the nectaries found on the fruits? To 
answer this question, a regression analyses 
will be used. In particular, a regression 
analysis will be used to identify if there is a 
positive relationship between ant count and 
fruit size. Because the response variable is 
count of ants, I will use a Poisson regression 
with log link function to test the non-normally 
distributed data.  

 A kruskal-wallis test will be conducted on 
old and young leaves across differently aged 
trees to determine if the amount of leaf 
damage present varies with the different life 
stages of the plant.  

All statistical analyses will be conducted 
within the Past Software Program, using alpha 
= 0.05 (Hammer et al. 2001). 
 

RESULTS 
 

Day vs. Night 
 
 A sign test was used to test for significant 
differences in the non-normally distributed 
ant counts between day versus night. Each 
microhabitat was treated independently every 
24 hour period. P-values from the sign test 
suggest that there is no significant difference 
in ant count between day versus night for S. 
geminata, P.longicornis, and their  total 
numbers added together (Table 1). 

TABLE 1.  Ant distribution differences between 
day (10:00 – 17:00) vs. night (20:00 – 
00:30 of the following day) on 
independently sampled microhabitats.  

24 Hour 
Period Ant Samples P-value  

#1 All ants 1 

#2 All ants 0.75523 

#3 All ants 0.065994 

#1 S. geminata 1 

#2  S. geminata 0.5572 

#3 S. geminata 0.22952 

#1 P. longicornis 1 

#2 P. longicornis 0.012939 

#3 P. longicornis 0.70111 

 Notes: The left column lists each 24 hour 
cycle conducted throughout this study. The 
middle column represents the type of ants 
being analyzed on microhabitats. The right 
column lists P-values for the Sign Test which 
tests the probability that ants distribution is 
independent of the time of day. The test fails 
to reject the Null Hypothesis. 



Developmental Age of Tree & Branch Parts 
 
 Two separate X2 tests for independences 
were used in this analysis  because young 
trees did not bear fruit (Fig. 1). When 
eliminating the fruit category, the average 
number of total ant counts were significantly 
independent of tree age and microhabitats (X2 
= 2.405, df = 1, p-value= 0.29011,). Similarly 
when eliminating the young tree category, 
these two types of categorial variables were 
not significantly influencing the average 
number of total ant distribution (X2: 0.59328, 
df = 1, p-value: 0.74331,).  
 Further X2 tests of independences reveal 
that S. geminata vs. P. longicornis were evenly 
distributed amongst young trees and its 
microhabitats (Fig. 2.1, X2: 1.3333, df = 1 p-
value = 0.2481), but not intermediate aged 
trees (Fig. 2.2, , X2 =  15.36, df = 2, p-value = 
0.000462) and old trees (Fig. 2.3, X2: 6.5185 , df 
= 2, p-value: 0.038417). When comparing 
figures 2.1, 2.2, and 2.3 it is also evident that 
black ant counts stay relatively the same 
across differently aged trees, and red ant 
counts comprise a majority of ants seen in the 
sampled population.  

 
FIG. 1.  Number of total ant counts 

averaged among all observations made 

between 10:00 to 17:00 on differently aged 
trees and their microhabitats. Two X2 analyses 
reveal that the ant distribution is significantly 
independent of tree age and branch parts. (X2 

= 2.405, df = 2, p-value = 0.29011; X2 = 0.59328, 
df = 2, p-value = 0.74331).  
 

 
FIG. 2.1.  Ant species distribution 

averaged across daytime observations on 
young aged trees and their microhabitats (X2 = 
1.3333, df = 1, p-value = 0.2481). 

 
FIG. 2.2.  Ant species distribution 

averaged across daytime observations on 
intermediate aged trees and their 
microhabitats (X2 = 15.36, df = 2, p-value = 
0.000462,). 



 

 
FIG. 2.3.  Ant species distribution 

averaged across daytime observations on 
adult aged trees and their microhabitats (X2 = 
6.5185, df = 2, p-value =  0.038417). 

 
Microhabitat 

 
A total of 24 different and independently 

sampled branches with both leaves and fruits 
were used to test if the distribution of ants 
across a noni branch would be the same if all 
units of the branch were present (Fig. 3). 
According to the X2 test for goodness of fit, 
 total ant distribution was not independent of 
different microhabitats, and that this 
distribution is heavily skewed towards fruit 
(X2 = 98.574, df = 2, p-value = 3.9351E-22).   
 

 

 
FIG. 3.  Expected vs. observed values of 

total ant distribution compared upon 24 
different and independently sampled Noni 
branches with both leaves and fruit (X2 = 
98.574, df = 2, p-value = 3.9351E-22).   
 

Fruit Size  
 

 Using the Poisson distribution and log 
link function to model the non-normally 
distributed data of fruit size and total ant 
count, the probability that ants were randomly 
and independently distributed among 
different fruit sizes resulted in  a p-value of 
0.010884. This p-value is representative of the 
shape of the line that best fits the spread of 
data (Fig. 4). From the spread of the data, it is 
assumed that there is no correlation shown 
between fruit size and total ant count. 



 
FIG. 4.  Analysis of Fruit Diameter (cm) vs. 

Total Ant Count modeled by the Poisson 
Distribution and log link function. The model 
describes the relationship which exponentiates 
the linear predictors to the mean of the 
distribution function (y=exp(-0.14047x + 1.1467). 
A p-value of 0.010884 was given for the line 
that best fits the data.  
 

Percent Herbivory  
 

A Kruskal Wallis test shows that the 
percent damage of young leaves across 
differently aged trees is significantly the same 
(p-value= 0.5501). However, amongst old 
leaves, percent damage is significantly 
different across  differently aged trees (p-
value= 0.02732) (Figure 5).  

 
FIG. 5.  Percent leaf damage across 

differently aged Noni trees (p-value for young 
leaves = 0.5501, p-value for old leaves = 
0.02732) 

 
DISCUSSION 

 
The main purposes of this study were to 

investigate how different factors may affect 
ant activity and insect herbivory across time 
and space within differently aged Morinda 
citrifolia (“Noni”)  trees and their different 
microhabitats. The ant species that were 
observed in this study were Solenopsis 
geminata (“The Red Fire Ant”) and 
Paratrechina longicornis (“The Longhorn 
Crazy Ant”). Several factors that may have 
affected their total distribution patterns were 
described in this study: the time of day, the 
developmental age of the tree, various 
microhabitats, fruit size, and insect herbivory. 
Results from statistical analyses revealed that, 
among these different factors, the presence of 
fruit significantly influenced the distribution 
and species composition of the ants, whereas 
the developmental age of the Noni trees may 
only play a minimum role or none at all when 
it comes to changing the same response 
variables. In addition, herbivorous activity 



and percent leaf damage seen on the leaves 
were recorded. Again however, the effects of 
the developmental life stages upon the 
damage seen on the leaves remain unclear.  
 First, day versus night time observations 
were assessed to avoid pseudo replication in 
later analyses. Statistical tests revealed that 
independently sampled microhabitats at 
multiple 24 hour cycles were statistically 
insignificant, and that ant distribution and ant 
species composition were not uniquely 
different between the two time periods. This 
alludes to the implications that foraging times 
for ants may be dependent upon species type 
and temperature tolerances rather than the 
existence of light throughout different times of 
the day. This claim is especially evident in 
other studies that have taken place in different 
environments where temperatures are seen to 
vary more greatly between day versus night 
(Cros et al. 1997, Alsina et al. 1988, Diaz-
Castelazo et al. 2004, Lessard et al. 2008, Spotti 
et al. 2014, Botnevik et al. 2016, Lange et al. 
2017). On average, ants can withstand up to 
40°C and have peak levels of activity around 
32°C (Holldobler and Wilson 1990). Moreover, 
S.geminata and P. longicornis have similar 
temperature tolerance levels ranging from 
22°C to 40°C (+/- 3°C) in tropical climates 
(Harris and Barker 2007, Lee 2002). This may 
explain why the two non-native ant species 
seen in this study at this particular site and 
time of the year were not influenced by times 
of day, but rather the temperature that may 
not have varied much during the recordings 
and location of my study.  Future studies may 
further investigate this claim by taking formal 
temperature recordings in the field and 
performing controlled lab experiments that 
manipulate ant behavior with different 
temperatures ranges.  Furthermore, future 
studies may also want to consider larger time 
scales, in which case they can account for 
greater and more definitive temperature 
variations that may change with seasonality, 

or with deep time when studying effects of 
climate change on ants and insect activity 
(Andersen 1983, Cros et al. 1997, Fergnani et 
al. 2008). 
 Secondly, the total number of ants was 
averaged across all day time observations and 
was tested against differently aged trees and 
individual branch parts. This revealed that 
there were significant differences in ant 
species counts, and that this difference was 
only present on microhabitats of intermediate 
and old aged trees. In contrast, when 
disregarding developmental age of the tree, 
total ant distribution was significantly skewed 
towards fruits on independently sampled 
branches that contained all 3 types of 
microhabitats analyzed in this study. These 
findings suggest that the developmental age 
of the tree may be limited in its role to control 
for the amount of ants seen on the trees. 
Rather,  fruit onset may account for the 
differences in ant distribution and species 
composition seen on only the intermediate 
and old aged trees since they only bear fruit. 
This makes sense as we see that the total 
number of ants counted in this study was 
mostly comprised of S.geminata, and that all 
types of floral nectaries on the Noni only exist 
on the drupelets of fruits (Savage and Rudgers 
2013, Keeler 1985). Higher levels of sugar 
content in either the nectaries or honey-dew 
are seen to be associated with more aggressive 
ants (Wackers et al. 2005). Similarly, one study 
discovered that ants tended towards higher 
sugar content on different plant species and 
areas (Lee 2002). In line with other studies, my 
findings suggest that the fruits on Noni trees 
may be producing higher concentrations of 
sugar content that attracts ants towards their 
floral nectary cavities rather than the sugar  
secreted by honeydew-producing insects . 
This assumption is likely to be independent of 
tree age. To further test this claim and make it 
clear as to what extent tree ontogeny has on 
insect activity, future studies can incorporate 



the use of artificial sugars and ant attractants 
on trees bearing no fruit (i.e. young trees). In 
contrast, these same future studies can also 
use tanglefoot product on intermediate and 
old aged trees to see where ants would go 
when access to fruits are blocked.  

Thirdly, although fruit onset seemed to 
matter more when it came to changing the 
total distribution of ant counts for a particular 
species of ants, the diameter of the fruit did 
not. In this case, it may be helpful to consider 
other factors that may play a role in 
influencing the distribution of ants and ant 
species on already existing fruits and EFN’s. 
Such factors are: relative humidity, distance of 
fruits from ant nesting areas, ratios of fruit 
surface area to sugar concentration levels, 
availability of other food sources around the 
fruit for ants,  shaded versus non-shaded 
fruits, precipitation, etc. (Chong and Lee 2006, 
Lange et al. 2017, Fergnani et al. 2008). I 
recommend that future studies try to 
incorporate these several factors into their 
own experiments to further grow an 
understanding of the mechanisms underlying 
ant recruitment to EFN’s and/or HPI’s.  

Lastly, my study observations also looked 
at how differently aged trees influenced 
 percent herbivory levels, and how leaf 
damage can hint at the causes for differences 
in insect activity seen on the Noni plant. As 
seen in my results, tissue damage was only 
significantly different in old leaves, but not 
young leaves across differently aged trees. 
One possible explanation for why old leaves 
may have more herbivorous activity 
compared to young leaves is that old leaves 
have had relatively longer exposure times to 
herbivorous insects within their environment 
(Boege and Marquis 2005).  Furthermore, the 
old leaves of the young trees were seen to 
have the most herbivorous activity while the 
old leaves of intermediate trees were seen to 
have the least. This, again, implies that the 
developmental age of the tree may only 

matters to a certain extent. Rather, tree age 
may be disregarded in this case and the 
amount of damage an individual tree accrues 
is thought to occur at any given moment 
and/or location so long as herbivorous pests 
are present upon any particular tree it chooses 
to infiltrate (Boege and Marquis 2005). 
Another possible reason why old leaves held a 
disproportionate amount of leaf damage 
compared to young ones is that this plant 
species, and many others, have other modes of 
defense mechanisms employed by their genes 
(War et al. 2012, Maron and Crone 2006). 
Rather than just ants, it is well known that 
plants can have multiple defense strategies 
being used at the same time, and that this 
pertains to the plant’s morphological and 
chemical features (Agrawal and Rutter 1998, 
Gatehouse 2002, Wackers et al. 2005, Becklin 
2008). Although my study had only addressed 
one type of morphological defense trait, future 
researchers may try to incorporate other plant 
defense mechanisms into their studies.  In 
addition trees at a young life stage have not 
had enough time nor resources to invest into 
growing morphological defensive traits that 
may be energetically costly to build. In these 
cases it may be best to compare morphological 
defense traits to chemical ones in the future 
(Boege et al. 2011). 

In conclusion, ant-plant mutualisms in 
response to insect herbivory on tropical 
evergreen Noni trees seem to be heavily 
influenced by several factors that were 
investigated in this study. It is important to 
note that the results had shown the highest 
amounts of herbivorous activities to be found 
in the trees with the least amount of ants on 
fruits. In contrast, the group of trees with the 
lowest amounts of herbivorous activity were 
seen to have the highest amount of ants 
skewed towards fruit, and thus causing an 
increase in sample size that was mainly 
comprised of the more aggressive ant species. 
The biological implications that come with this 



phenomenon suggests that, in this particular 
environment at this particular time, EFN’s and 
other nectaries on the fruiting Noni trees are 
outcompeting HPI’s found on vegetative 
parts.  By using EFN’s and other 
morphological features, tropical plants like 
M.citrifolia have adapted to defend 
themselves by forming mutualistic 
partnerships with its ant counterparts against 
insect enemies (War et al. 2012). With climate 
change getting worse, it is imperative that we 
understand these relationships, as percent 
herbivory levels have been seen to 
dramatically increase throughout geological 
time scales (Wilf 2001; Currano 2008). Future 
scientists may be able to help us further 
investigate these relationships by sampling 
from different field sites and using a greater 
number of individual trees to avoid risks of 
pseudo replication. Although not 
recommended, choosing to do certain 
statistical analyses will also help to avoid 
running into such a risk when experimenting 
with a small sample size as seen in my study.  

On another note, herbivorous activities on 
many plant species around the globe have 
been seen to dramatically increase throughout 
geological time scales with climate change 
(Wilf et al. 2001, Currano 2008). It still remains 
unclear whether or not the developmental age 
of trees or the presence of EFN’s mattered 
more in affecting what was observed in my 
study. To address this note, future scientists 
may want to consider other variables and 
recommendations mentioned earlier. 
Although only one type of defense mechanism 
was studied in my work, future potential 
studies may want to consider other 
possibilities that may affect insect activity on 
plants (Chong and Lee 2006, Lange et al. 2017, 
Fergnani et al. 2008). Researching about 
additional plant defense traits, such as 
chemically induced responses to insect 
herbivory, may not only help us better 
understand how to combat climate change 

affecting important crop species, but may also 
give us further insight as to what may be 
contributing to the high demands and 
popularity claims for Noni’s “natural healing 
powers” (Kavitha and Umadevi 2016, Bennett 
et al. 2006, Potterat and Hamburger 2015). 
With such complex systems, it is no wonder 
on-going research upon the topic of plant-
insect interactions still needs to continue. If we 
are seeing a decline in crop yield due to 
increased herbivorous damage then it is 
important that we review these findings and 
other literature upon the basis of what is 
exactly effecting insect-plant relationships, 
and what is exactly affecting important food 
crops that people have been using and 
carrying around for past generations and 
years to come (Wilf et al. 2001, Whistler 2009, 
Currano 2008, Labandeira 2007). 
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