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1. Abstract 

The tropical palm Mauritia flexuosa has highly nutritious fruits and is an important food 

resource for both humans and wildlife throughout its geographic range in South America. 

Unsustainable harvesting threatens wild populations. Mauritia f. occurs primarily in wetlands 

called Aguajales where it can become the dominating canopy species. Seed predation and 

dispersal can dramatically affect the survival and distribution of plant species in tropical 

rainforests (Janzen 1970, Connell 1971, Bleher & Böhning-Gaese 2001, Paine & Beck 2007, 

Mari et al. 2008). Increased knowledge of seed predation and germination requirements is 

essential for successful management of this commercially and ecologically important palm. 

Four experiments were conducted in Manu National Park in southeastern Peru to study: (1) 

Seed survival in the Aguajal, (2) Quantify seed predators on dry land, (3) Insect visitors and 

consumers of fruits and seeds, and (4) Germination in greenhouse experiments. Seed survival 

was significantly higher below water compared to on dry micro sites within the Aguajal. 

Seeds and fruits placed on dry land were preyed upon by both insects and mammals. 

Terrestrial insects were the most important predators. Different insects visited fruits and 

seeds, indicating a successive breakdown of different tissues. Seed survival was also higher 

below water and/or soil in the greenhouse experiment. This may suggest that the distribution 

of Mauritia f. is highly influenced by seed predation and that water protects seeds from their 

insect enemies.  

 

Keywords: Aguaje, Amazon, germination, insects, Mauritia flexuosa, palm, Peru, seed 

predation 

 

 

 

 

 

2. Introduction 

The commercially important, tropical palm Mauritia flexuosa (L.) is found in wetlands and 

flooded habitats throughout northern South America (Henderson 1995). Subsistent and 

commercial trade of the nutritious fruits play a crucial role for local and regional economics 

(Santos 2005, Carrera 2000, Holm et al.  2008, Manzi & Coomes 2008, Delgado et al. 2007). 

The fruits are one of the richest natural sources of beta carotene and may have enormous 

potential in preventing vitamin A deficiency in Latin America and elsewhere (Santos 2005). 

The fruits are used to make juice, jam, and ice cream, fermented into a “wine” or dried into 

flour (Henderson 1995). However, unsustainable harvesting techniques have increased the 

pressure on wild populations. At least 1000 palms are estimated to be cut down every month 

just in the northern parts of Peru (Vasquez et al. 2008).  

Wild stands of the palm support a diverse ecological community. The fruits are eaten by 

macaws, parrots, tapirs, peccaries, fish, turtles, and monkeys (Henderson 1995). The fruits 

represent a dominant food resource for lowland tapir (Tapirus terrestris) (Fragoso & Huffman 

2000, Bodmer 1990, Henry et al 2000). Mauritia f. is also an important nesting place for 

many bird species, such as the blue-and-yellow macaw (Ara ararauna) (Brightsmith & Bravo 

2006). 

Tropical forests characteristically have high number of tree species, but low densities of 

individual adults of each species (Janzen 1970). The Janzen-Connell hypothesis predicts that 

predation is less intense on seeds carried further away from the parent tree, because of a 

release from specialist enemies (Janzen 1970, Connell 1971). This may explain the 

distribution pattern of many trees and might be one mechanism of maintaining high plant 

species richness in tropical forests (Fangliang & Legendre 2002). 
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Mauritia f. conversely occurs primarily in high densities within wetlands called 

Aguajales. Aguajales are estimated to cover 6 to 8 million hectares in the Peruvian Amazon 

(Ruiz 1991, cited by Carrera 2000). The density of individuals in these palm swamps is 

generally high with 130-250 adult plants per ha (Kahn 1991). However, the density may vary 

between sites with different flooding regimes (Holm et al. 2008). Escaping host specific 

predators and pathogens may enable a patchy distribution. Seed survival and germination 

within the Aguajal have not been studied.  

A fruit that falls from the parent will end up in the heterogeneous environment of the 

Aguajal. It may become buried in mud as it falls from over 30 meter, or be trampled in the 

ground (Fragoso 1997). It may end up in water, or on islands of aerial roots at the base of each 

palm, or on dry land adjacent to the Aguajal. The ability to germinate in different conditions 

may be advantageous to a plant growing in a heterogeneous environment. However, little is 

known about the germination requirements and conditions for Mauritia f. 

Gomes et al. (2006) studied germination of the neotropical palm Genoma brevispatha in 

the laboratory. This species is restricted to swampy areas along stream edges, riparian forests 

or wet lowland rain forest. Interestingly, germination did not differ between seeds put on 

moist filter paper, semi-immersed seeds or completely immersed seeds. They proposed that 

this species may germinate as long as there is a critical minimum amount of water available. It 

may explain the occurrence of a few numbers of juveniles growing on drier micro sites. 

Mauritia f. occurs in similar habitats as Genoma b. and its seeds may require a similar 

germination environment. If the seeds of a palm growing in swampy or flooded conditions are 

able to germinate in drier conditions, factors other than water availability may be more 

important in determining where it may grow. Heavy predation on the seeds, pathogens or 

difficulty for the seedling or young palm to establish may stop the palm from growing on dry 

land.   

Frugivores may disperse seeds away from the Aguajal. Examining fecal samples of 

lowland tapir Fragoso & Huffman (2000) found an extensive amount of fruit scales of 

Mauritia f., but only few seeds. It appears that tapirs ingest the scaly exocarp and fleshy 

mesocarp of the fruit, but expectorated the seeds within Mauritia swamps (Bodmer 1990).  

Collared peccaries (Pecari tajacu) and White-lipped peccaries (Tayassu pecari) are 

known to form large foraging groups in the Neotropics. A large part of their diet consists of 

fruits and seeds from palms and they kill about 75% of the seeds they eat (Beck 2006). 

However, as with the tapir, peccaries consume the pulp of the fruits of Mauritia f. and spit out 

the seeds (Bodmer 1991, Fragoso 1997, Kiltie 1981b). 

Numerous studies have quantified the effect of different sized mammals on seed 

predation and seedling recruitment in the Neotropics (DeMattia et al. 2004, Demattia et al. 

2006, Paine & Beck 2007). Small mammals seem to be more important seed predators than 

large mammals. Differences in seed mass may affect mammalian predation. Paine & Beck 

(2007) found that small- and medium-sized mammals prefer large seeds. However, the seeds 

used in that study had masses ranging from 0.05 to 3.9 g (median 1.8 g). The seed of Mauritia 

f. weighs 12.2 g (Bodmer 1991). Dirzo & Mendoza (2007) used seeds from 0.085 g to 31.5 g 

when investigating seed size preferences of small mammals in a neotropical rain forest. They 

concluded that small mammals, such as rodents, preferred seeds less than 5g. 

If the most abundant fruit and seed eating large mammals, tapirs and peccaries, 

expectorate the seeds of Mauritia f. and small mammals, such as rodents, prefer smaller seeds, 

seed predation by mammals is expected to be low on Mauritia f. seeds. This may suggest that 

dispersal of Mauritia f. seeds by mammals is low. 

Seeds from Mauritia f. were, together with other species, used in an exclosure 

experiment (Beck & Terborgh, unpublished manuscript) at the same location as my study in 

south eastern Peru. In a factorial design they excluded only small, medium and large, small 
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and large, all and none mammal species. Within three months, the mortality of Mauritia f. 

across all treatments was nearly 100%. They concluded that terrestrial termites were the main 

seed predators.  

Other insects may also predate on the seeds. Insects belonging to the families Bruchidae 

(seed beetles), Curculionidae (true weevils), Scolytidae (bark beetles) (all three from order 

Coleoptera) and the families Lygaeidae and Pyrrhocoridae (both from the order Hemiptera) 

are known to consume fruits and seeds (Dajoz 2000, Howard et al. 2001).  

Bruchid beetles are an important mortality factor for palm seeds in the Neotropics 

(Fragoso 1997, Galvez & Jansen 2007, Janzen 1972, Bradford & Smith 1977, Silvius & 

Fragoso 2002). Most of them place their eggs on the seed. After hatching, the larvae bore into 

the seed and feed on the endosperm (Janzen 1972, Silvius & Fragoso 2002). Most bruchids 

that feed on seeds appear to be highly host specific (Janzen 1980). Seventy of the 95 species 

(73.7%) of bruchid beetles attacking seeds in Costa Rica have only one host species (Janzen 

1980). Seeds infested by bruchid larvae may be more attractive to mammals such as rodents 

(Galvez & Jansen 2007) and peccaries (Beck 2006, Kiltie 1981a).  

A dwarf form of Mauritia f. grows in the Peruvian Amazonia. Vasquez et al (2008) 

found 18 species of insects associated with it. Of these species, four caused damage to the 

fruits. The larvae of three species of true weevils (Curculionidae, Coleoptera) develop in the 

fruit pulp, causing the fruits to fall before maturing. The fourth species belonged to the family 

Cecidomyiidae (Diptera). The larvae of this species live in soft whitish galls, turning woody, 

which develops in the ripe or maturing fruit pulp (Vasquez et al. 2008). However, damage to 

the fruit pulp or parts of the seed does not necessarily affect seed survival and germination 

success. 

A single seeds ability to tolerate predation may be closely related to its morphology. 

Studies have suggested that predation is not necessarily lethal to individual seeds and partly 

damaged seeds may still germinate (Vallejo 2006, Whittaker & Turner 1994). Mendoza 

(2005, cited by Vallejo 2006) also discusses the relationship between the size of the seed and 

the size of the seed predator. While a small seed may be completely eaten by small rodents, a 

large seed may only be partially eaten. Further, the type of seed damage is important to its 

survival. Direct damage to vital parts, such as the embryo, may have much larger 

consequences than loss of endosperm.   

To summarize, seed survival within the Aguajal may depend on the abiotic as well as the 

biotic factors of the particular microsite the seed falls in. Mammals may have a modest role as 

predators on the seeds of Mauritia f. Terrestrial insects, particularly termites, may instead 

potentially limit the distribution of this palm on dry non-flooded land. Insect seed predators 

may affect seed survival differently depending on how severely they damage the seed. 

Increased knowledge of seed predators, survival and germination success of Mauritia f. will 

aid in understanding its distribution, requirements and population dynamics. This is valuable 

for the management of this ecologically and economically important resource. My aims were 

therefore to study:   

1. Seed survival in the Aguajal  

2. Quantify seed predators on dry land 

3. Insect visitors and consumers on fruits and seeds 

4. Survival and germination in greenhouse experiments 
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3. Materials & Methods 

3.1 Study site 

This study was conducted from June to September 2008 at the Estacion Biologica Cocha 

Cashu (EBCC) located within the two million hectare Manu National Park, Peru (1154´S, 

7122´W) (Figure 1). The research station is located ca. 350 m.a.s.l. in Tropical Moist forest 

(Holdridge 1947) in the lowland forest-covered floodplain of the Manu River. Over 60 km of 

trails, enable access to approximately 12 km
2
 of diverse habitats (Terborgh 1990). The 

average annual precipitation is 2200mm, falling mainly between October and April (Paine & 

Beck 2007). Weather data during this study is found in Figure 2. More details about the site 

can be found in Gentry (1990).  

 

 

 

 

 
 

 

Figure 1. Map of the study site and trail system of Estacion Biologica Cocha Cashu. 

Locations used in the different experiments are marked with symbols on the map.  
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Figure 2. Weather data recorded at Estacion Biologica Cocha Cashu from 22nd of June to 

27th of September 2008. (a) maximum and minimum temperature, (b) precipitation in 

millimeter, and (c) duration of each experiment. The DryLand experiment started 18
th

 of June. 

The timeline for the Greenhouse experiment includes several treatments with different start 

and ending points.  

 

3.2 Study species  

Mauritia f. (Arecaceae) occurs throughout northern South America (Colombia, Venezuela, the 

Guianas, Trinidad, Ecuador, Peru, Brazil, and Bolivia) (Henderson 1995). The common 

Peruvian name of the palm is aguaje. It is dioecious and the fruits are normally produced by 

palms with female flowers. However, individuals with both female and male flowers have 

been observed and these palms produce less fruits than female palms (Carrera 2000). Its 

height is up to 35 m. A group of 8-20 large composite leaves is located at the top of the stem. 

Each leaf can reach a length of 5-6m. The roots grow about 60 cm deep, but can reach out 

horizontally 40 m from the palm (Santos 2005). Aerial roots are often seen at the base of the 

stem, creating a 2 to 5 m large circular island. These roots allow respiration in the 

hydromorphic conditions of the wetland (Santos 2005). Fruiting occurs primarily during the 

wet season (Brightsmith & Bravo 2006). 

The fruits grow in large hanging racemes or infructescences. Each palm may have up to 

four infructescences, each with up to 2000 fruits (Santos 2005). The fruits are oval, length 

about 5-7 cm, width 4-5 cm, and weight 40 to 85 g. They have a red to brown coloured, scaly 

skin and a 4 - 6 mm thick, yellow pulp. The composition of the fruit (Figure 3) is 

approximately 20% skin, 10-20% mesocarp, 15-20% endocarp and 40-45% seed (Santos 

2005). The seed weighs 12.2 g (Bodmer 1991). Each fruit may contain up to three seeds, 

however one seed is most common (Santos 2005). Germination is most successful if seeds are 

planted within ten days after harvesting and seeds need 75 days to start germinating (Lopéz 

1968, cited by COMAPA 2005).  
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Figure 3. The morphology of a fruit containing one seed of Mauritia flexuosa. The seed 

consists of a seed coat, endosperm and an embryo (light grey color) with a radicle 

(embryonic root). The endocarp is soft and membranous. 

 

 

 

3.3 Experimental design 

3.3.1 Collection and preparation of fruits and seeds for experiments. 

The majority of fruits used in the experiments were collected from two Aguajales located six 

km north and four km east of the EBCC. These two Aguajales were not located nearby any 

large river and were well defined wetlands inside the forest. Collection sites and number of 

fruits and seeds collected and used are summarized in Table 1. 

Some fruits where directly harvested from palm by climbing and cutting down their 

infructescences. Only fruits with intact exocarp and without any sign of fungae hyphae and 

insect infestations (no exit holes) were used for the experiments. After collection fruits were 

rinsed in water and spread out without physical contact to each other to dry. To prevent insect 

infestation all seeds were covered with a mosquito net. To obtain seeds I peeled of the fruit 

pulp manually and used only seeds without insects or fungae hyphae. Fruits and seeds were 

randomly selected for each treatment.  

 

 

 

Table 1. Collection and utilization of fruits and seeds in all experiments. Top = fruits 

collected directly from palms; Wet = fruits collected under water; Dry = fruits collected on 

dry ground. 

  Collection Utilization 

Experiment 

Number 
harvested 

Harvested 
from Number of palms Aguajal 

Number 
used 

Fruits 

or 
Seeds 

Seed predators on dry land 1500 Top 1 Eastern 560 Fruits 

 
1000 Wet & Dry 12 to 15 Northern 800 Seeds 

Insect visitors and consumers 300 Wet & Dry 2/3 from one palm Northern 100 Fruits 

     
100 Seeds 

Seed survival in the Aguajal  500 Top 2 Northern 450 Fruits 

Germination in greenhouse exp. 600 Top 2 Northern 500 Seeds 

 
500 Wet 12 to 15 Northern 500 Seeds 

  500 Dry 12 to 15 Northern 500 Seeds 
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3.3.2 Seed survival in the Aguajal  

The experiment was carried out in the northern Aguajal (Figure 1) to test the survival of fruits 

fallen in three different micro habitats (Figure 4). To exclude mammals in this experiment, the 

fruits were put inside a closed 40 x 12.5 x 12.5 cm Tomahawk Live trap, mesh size was 1.5 

cm (Tomahawk Live trap Company, WI, USA). Transects with 15 traps, each containing ten 

fruits, were placed in three microhabitats. In the LAND-LAND transect the traps were placed 

on the dry ground every ten meter along the north-western border of the Aguajal. The transect 

was parallel to and approximately 5 m from the edge of the Aguajal. The AGUAJAL-LAND 

transect was placed in a random direction within the Aguajal. Every ten meter, one trap was 

placed on the closest “palm island”. For each of these traps, another trap was placed close to 

the island but submerged in water. This became the AGUAJAL-WATER transect.  

The number of remaining fruits in each trap was counted every tenth day. I noted the 

condition of the fruits and visible insects. The experiment was terminated after 75 days and 

seed survival was estimated. Fruits had been used so remaining pulp was removed before the 

seed was inspected. A seed was considered alive if it was hard and firm, retained a natural 

shape and the embryo remained intact. 

 

 

 

 

 

 
Figure 4. Experimental design of seed fate study in the Aguajal. Transects represent three 

different treatments: fruits submerged in water within the Aguajal (Aguajal-Water), fruits on 

dry ground within the Aguajal (Aguajal-Land) or fruits on dry ground just outside the Aguajal 

(Land-Land). Each transect consisted of 15 traps, with ten fruits in each. Traps excluded 

mammals from fruits. 
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3.3.3 Seed predators on dry land 

To mimic the conditions of seed dispersal onto non-flooded forest floor a combination of 

mammal- and insect exclosures (Figure 5) were used. The mammal exclosures (Figure 5 a) 

had been constructed by H. Beck and J. Terborgh (unpublished manuscript). They were also 

used by Paine & Beck (2007). The condition of the exclosures was assessed and when 

necessary they were repaired. Forty mammal exclosures were established in eight randomly 

located blocks. The mean distance between the blocks was 1.1 km. Each block consisted of 

five exclosures, 20 m apart along a randomly oriented transect. The five exclosures in each 

block differed in their permeability to mammals of different size. Mammals were divided into 

three size classes: small mammals, with body mass < 1 kg (i.e. Oryzomys spp.), medium-sized 

mammals ranging from 1-12 kg (i.e. Agouti paca), and large mammals with over 13 kg (i.e. 

Tayassu pecari) (Paine & Beck 2007). The names of the exclosures indicate which size class 

of mammals were allowed access inside: NONE, SMALL, MEDIUM, MEDIUM+LARGE 

and ALL.  

The NONE exclosures were designed to exclude all terrestrial mammals. They were 

constructed out of 90 cm tall wire hardware cloth with a mesh size of 1 cm. The cloth was 

held into place by 8 mm diameter steel reinforcement bar in each corner as well as in the 

middle of each side. The SMALL exclosures were identical to NONE, but 7 x 7cm holes were 

cut in the bottom edge of the mesh wire allowing access of small mammals. The 

MEDIUM+LARGE exclosures allowed entry of medium and large mammals, but not small 

mammals. A 20 cm tall wall of sheet metal prevented small mammals from climbing over or 

digging underneath. The MEDIUM exclosures had an identical wall of sheet metal, but they 

also had wrappings of barbed wire between 45 and 90 cm high. The barbed wire excluded 

large mammals while the sheet metal excluded small mammals. Finally, the ALL treatments 

allowed entry of all three size classes of mammals. The four corners of this treatment were 

marked with reinforcement bars only.  

When used, the wire hardware cloth and sheet metal were dug 5 cm into the soil. This 

was done to prevent entry of burrowing mammals. All exclosures had open tops, which 

allowed entry of birds and arboreal mammals. Invertebrates and microorganisms also had free 

access into all mammal exclosures. 

To determine the effect of predation by terrestrial insects, insect exclosures (Figure 5 c) 

were placed within each mammal exclosure. They consisted of two square styrofoam dishes 

with different size. The large one was filled with water and the small one was placed in the 

middle of the larger one, creating an island surrounded by water. These insect exclosures were 

used to exclude terrestrial and burrowing insects such as termites. A layer of soil, taken from 

just outside each mammal exclosure, was added in the small styrofoam dish to simulate 

natural conditions. Ten seeds and seven fruits were placed in the insect exclosures and on the 

bare ground as in Figure 5b. 

For this experiment a total of 560 fruits and 800 seeds were used. The experiment was 

run for 97 days (Figure 2). The fruits and seeds were censused daily for the first ten days and 

then every third day until day 37. Thereafter every sixth day. The fruits and seeds were 

counted at each census. If they had been partially eaten, the remaining proportion of the seed 

or fruit was visually estimated (Table 2). Missing fruits and seeds were searched for and if 

found, returned to their original location. Lost ones were considered completely consumed. 

During each census all exclosures were repaired if necessary and water was added or removed 

if needed.  
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Figure 5. Experimental design of the different mammal exclosures used in the experiment. (a) 

The five types of mammal exclosures allowed entry of either no mammals (NONE), only small 

mammals (SMALL), only medium and large mammals (MEDIUM+LARGE), only medium 

sized mammals (MEDIUM) or access of all size classes (ALL).One of each exclosure was 

grouped in eight random blocks. (b) Within each mammal exclosure, fruits and seeds were 

placed in insect exclosures and on the ground. (c) The insect exclosures were made of 

Styrofoam and created a water barrier around the seeds and fruits.  

 

Table 2. Template for visual estimation of remaining proportion of fruits and seeds used in 

DryLand experiment.  

Category    
(% remain.) Fruit Seed 

100% Fruit intact. Seed intact. 

90% Skin broken 

 80% Skin broken, some pulp gone 

 70% Approximately half of the pulp gone 

 60% Some pulp left on the seed. 

 50% Only an intact seed left. Half of seed gone 

40% Seed coat broken. 

 30% Seed coat broken and some of the endosperm gone. 

 20% Approximately half of the seed gone. 

 10% Only very small piece of endosperm left. 

 0% Entire seed gone. Entire seed gone. 
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3.3.4 Insect visitors and consumers 

Hundred fruits and hundred seeds were monitored daily for 30 days (Figure 2) to quantify 

what insect taxa preyed upon them. Four mammal exclosures, measuring 2 x 5 m, were used 

to keep all sizes of mammals out. Each exclosure was previously constructed by H. Beck and 

consisted of 90 cm tall wire hardware cloth with a mesh size of 1cm. The cloth was held in 

place by 8 mm diameter steel reinforcement bar in the corners and along the sides. The walls 

were also dug 5 cm into the ground to prevent mammals from digging underneath. The 

exclosures had open tops and were accessible to arboreal mammals and birds. Each mammal 

exclosure was randomly designated to either contain 50 fruits or 50 seeds. The exclosures 

were called Afruit, Bfruit, Cseed and Dseed (Figure 1) 

In two of the mammal exclosures, 50 individually marked seeds were put on the ground 

in two parallel lines. The distance between the lines was approximately 1 m and the distance 

between the seeds in each line was approximately 20 cm. No seed was closer to the edge of 

the exclosure than 0.5 meters. Fifty fruits were placed identically in the other two exclosures.   

The fruits and seeds were censused every morning for 30 days, except the seeds in 

SEED B. These were censused for 26 days.  Each individual seed and fruit was inspected for 

the presence of insects on and directly under it. The fruits and seeds were one by one lifted 

and gently shaken over a white plastic tray. The insects obtained were counted and returned 

under the seed or fruit. Voucher species were taken back to EBCC and photographed for 

identification. The number of holes in the fruits and seeds were also counted. The amount of 

consumed pulp and endosperm was visually estimated (Table 2).  

 

3.3.5 Survival and germination in greenhouse experiments 

A germination experiment (Figure 6) with 5 different treatments was used to simulate the 

different dispersal conditions a seed may be exposed to. This experiment was set up in a 

greenhouse with walls of fine plastic mesh (2 mm) and half covered with roof of transparent 

corrugated plastic sheeting. Tables inside had tops of metal wire mesh and wooden legs, 

treated to stop insects from climbing up. One hundred seeds were divided evenly into the 

containers used in each treatment. 

In the WET treatment, I used three circular plastic tubs (ø 48 cm, height 16 cm) placed 

in the part of the greenhouse with roof. The seeds were placed on a 5 cm thick layer of soil. 

They were then covered with water and refilled regularly. In the WET+DARK treatment, 

seeds were divided into five plastic buckets (ø 23 cm, height 23 cm) under roof. The seeds 

were placed on a 5 cm layer of soil and then covered by another layer of 5 cm soil. Water was 

added regularly to cover the surface of the soil. The seeds in the DRY treatment were spread 

out with a distance of 6-7 cm on soil. The layer of soil was 5 cm and the seeds were put down 

so that half of the seed was above the soil. I used four rectangular boxes (70 x 30 x 10 cm) 

with wooden walls and a floor of metallic mesh (3 mm). The boxes were kept under roof 

without added water. In the NATURAL+DARK treatment, I used the same type of boxes as 

in the DRY treatments. The seeds were placed on a 5 cm layer of soil and then covered by 

another layer of 5 cm soil. The boxes were placed without roof. The NATURAL treatment 

was identical to the DRY treatment, but the boxes were not placed under roof.  

The soil used in the germination experiment was taken from the forest nearby the 

EBCC. The highly organic topsoil was removed and the soil just below was used. Coarse 

material such as roots was manually removed.  

In addition to the five treatments, fruits collected from three different sources were used 

in this experiment. Fruits were directly harvested from palms (SEEDTREE), from falling in 

water (SEEDWET) and from falling on dry ground (SEEDDRY). Each combination of 

treatment and source consisted of 100 seeds (1500 seeds in total).  

 



11 

 

 

 
Figure 6. Diagram of the greenhouse experiment. Each of the 15 different combinations 

consisted of 100 seeds. Conditions: “Wet”-seeds under water on soil, “Wet+Dark”-seeds 

under soil and under water, “Dry”-seeds on soil with no water, “Natural+Dark”-seeds under 

soil with natural precipitation, “Natural”-seeds on soil with natural precipitation. Seed 

sources: “SeedTree”-seeds collected from palm, “SeedDry”-seeds collected on dry ground, 

“SeedWet”-seeds collected from below water surface.  

 

The seeds were inspected once a week to see if germination had occurred. An 

estimation of seed survival was done after 75 days. A seed was considered alive if it was hard 

and firm, retained a natural shape and the embryo remained intact. 
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3.4 Data analysis 

3.4.1 Seed survival in the Aguajal 

The numbers of seeds estimated to be alive after 75 days were compared among the three 

treatments. Each of the 15 traps was considered a replicate in each treatment to avoid pseudo- 

replication. A trap was considered alive as long as one or more seeds were estimated alive 

within it. The difference between the treatments was evaluated with a one-way analysis of 

variance (ANOVA).  

 

3.4.2 Seed predators on dry land 

The survival of the seeds and fruits in the experiment was analyzed with Cox’s proportional 

hazards regression model, which is designed for analysis of time until an event (Lee 1992). It 

is mostly used in medicinal research, however, also in ecological research (e.g. Beck & 

Terborgh 2002, Demattia et al. 2004).    

The Cox regression analysis produces a survival function that predicts the probability 

that an event of interest has occurred at a given time for a given value of a predictor variable. 

In my study I decided that the event of interest was when half (50%) of the biomass of each 

seed was consumed. A seed consumed over 50% of its biomass was assumed to not be able to 

germinate (Mack 1998, Dalling et al. 1997). Fruits, however, consist of approximately 50% 

pulp. A loss of biomass may at first not be damaging to the seeds. I therefore used two 

terminating events for the fruits in the analysis: a 50% loss of biomass and an 80% loss of 

biomass.  

The result of the Cox regression analysis is the relative risk of reaching the event of 

interest in the presence of a specified set of predictor variables or treatments. The degree of 

risk is compared to one of the treatments and the difference is evaluated with a 95% 

confidence interval. To evaluate the differences between each of the treatments, they were 

individually compared with all the others.    

Time to terminating event is a variable in the model. If the event occurred between two 

occasions of inspection, I linearly interpolated between the two occasions. The predictor 

variables were the eight blocks of exclosures, the five different mammal exclosures and the 

absence or presence of insect exclosures. 

The main advantage of using the Cox regression analysis is that it can handle censored 

data. This is a sample in which the event of interest has not occurred within the time limits of 

the experiment (e.g. seeds that are only marginally consumed in the end of the experiment). 

More details on Cox regression analysis can be found in Lee (1992).   

All analyses were performed in SPSS 16.0 statistical software. 

 

3.4.3 Insect visitors and consumers 

Insects visiting the fruits and seeds were counted and identified to family. Due to large 

variation in the data, only the mean number of individuals of each taxa was used to estimate 

relative abundance over time. The mean numbers of individuals found per fruit and day 

(indiv. fruit
-1

 day
-1

) and per seed and day (indiv. seed
-1

 day
-1

) were calculated. Total number 

of insects on 50 fruits or seeds over 30 days were used in Chi square test to find differences 

between locations and between fruits and seeds. I approximated consumption by estimating 

the proportion of remaining pulp and endosperm. Variation was high and the mean proportion 

per fruit (or seed) was calculated.  

 

3.4.4 Survival and germination in greenhouse experiments 

The seeds I considered alive in each treatment after 75 days were counted. The result was not 

statistically tested because the experiment was designed without independent replicates.    
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4. Results 

4.1 Survival in the Aguajal 

No seed had germinated within 75 days. There were significant differences in estimated seed 

survival among treatments (F=44.333, d.f.=2, P<0.001). Seed survival was higher for 

submerged fruits, compared to fruits lying on land within the Aguajal (AguajalLand) and 

adjacent the Aguajal (LandLand) (Table 3).  

The Aguajal became drier during the experiment and some submerged traps (Aguajal-

Water) were uncovered from water, but most remained covered in mud. Fruits that had been 

covered by water and/or mud almost looked as fresh and colourful as picked straight of the 

palm. Insects observed on fruits in the dry treatments resembled the ones found in the Insect 

experiment (see p. 17). Termites were observed on fruits in three traps in the AguajalLand 

treatment and in three traps in the LandLand treatment after 35 days. 

 

4.2 Seed predators on dry land 

Both insects and mammals consumed fruits and seeds of Mauritia flexuosa (Figures 7 a & 7 

b). The largest differences were found among treatments in which seeds and fruits were 

protected against terrestrial insects and treatments where they were not. The highest 

consumption was seen when both terrestrial insects and all size classes of mammals had 

access to the fruits and seeds. Half of the mean biomass of seeds was consumed after only 

about ten days (Figure 7a). This treatment resembled the natural situation of a seed or a fruit 

lying on dry ground in the forest.  

The risk of being consumed down to 50% of the seeds biomass was consistently lower 

in all five types of mammal exclosures if seeds were protected from terrestrial insects than if 

not (Figure 8 a). When excluding all mammals (NONE) the risk was 3.9 times higher for 

seeds lying on the bare ground compared to seeds inside the insect exclosure (Cox, Exp(β)= 

3.884, df=1, P<0.001). The risk for seeds exposed to all mammals and insects was 15.4 times 

higher than for seeds protected from them all (Cox, Exp(β)= 15.362, df=1, P<0.001). 

The risk of losing 50% of its biomass, i.e. loss of all fruit pulp for a fruit on bare ground 

was only significantly higher when all mammals (ALL) were allowed (Cox, Exp(β)= 2.549, 

df=1, P<0.001) (Figure 8 b). Differences within mammal exclosures were larger when 80% 

loss of fruit biomass, i.e. just under half of the seed biomass remaining, was considered 

(Figure 8 c). The general picture of risks resembled the one with clean seeds (Figure 8 a). 

When all mammals were excluded (NONE) there was a 4.3 times higher risk for a fruit on the 

bare ground of losing 80% of its biomass compared to a fruit protected from insects (Cox, 

Exp(β)= 4.290, df=1, P<0.001). 

The differences among the treatments with different size classes of mammals were generally 

small. There was a slightly larger risk in the MEDIUM+LARGE treatment. Different 

mammals may respond differently to the presence of the insect exclosures. Only fruits or 

seeds on the bare ground were therefore considered when mammal size classes were 

compared. See also Appendix A. 

  

Table 3. Mean number of traps (N=15 replicates) containing at least one of ten Mauritia 

seeds estimated alive (criteria p. 7) after 75 days. Treatments consisted of traps with fruits 

submersed in water within the Aguajal (AguajalWater), on dry ground within the Aguajal 

(AguajalLand) or on dry ground adjacent the Aguajal (LandLand). 

Treatment Mean Std.Error Post Hoc Tukey Std.Error P 

AguajalWater  1.000 0.076 vs. AguajalLand 0.1069 <0.001 

AguajalLand 0.000 0.076 vs. LandLand 0.1069 0.002 

LandLand 0.400 0.076 vs. AguajalWater 0.1069 <0.001 
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The data were tested for block effects (Appendix A). The number of significant 

differences between blocks were 12 with seeds (50% lost biomass), 7 with fruits (50% lost 

biomass) and 10 with fruits (80% lost biomass) out of 28 possible combinations. Termites 

were only found on 7 fruits on the bare ground in four different blocks between 30 and 60 

days into the experiment.  

 

 

 

 

 

 

 

 

 
Figure 7. Mean percent biomass remaining of Mauritia a) seeds and b) fruits in ten different 

treatments over 97 days in field experiments. Five different mammal exclosures (names in 

capital letters) were used. Names indicate which size class of mammals had access to seeds. 

Insects were excluded (-insects) or not (+insects) within each mammal exclosure. Each 

treatment consisted of eight replicates, with ten seeds and seven fruits in each. 
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Figure 8. The risk for a) Mauritia seeds of being consumed down to 50% of their biomass, b) 

Mauritia fruits of being consumed down to 50% of their biomass, and c) Mauritia fruits of 

being consumed down to 80% of their biomass in ten different treatments in field experiment. 

Treatment names indicate which size class of mammals had access to seeds or fruits. Seeds 

and fruits within each treatment were protected against terrestrial insects (dark gray bars) or 

were lying on bare ground (light gray bars). Risk is compared to treatment where no 

mammals had access to seeds and seeds were protected from insects (NONE + No insects). 

E.g. if risk is 4, then risk is four times larger than in the NONE + No insects treatment. Bars 

with different letters differ significantly (95% CI).  
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4.3 Insect visitors and consumers 

Individuals from nine different families of insects (Insecta) and one family of millipedes 

(Diplopoda) were found on the seeds and fruits (Table 4). Variation in numbers of specimens 

counted per seed and day and per fruit and day was large and the results from this experiment 

should only be interpreted as preliminary and qualitative.  

Most abundant families were Staphylinidae (24.5%), Scolytidae (18.1%), Polydesmidae 

(16.5%) (Diplopoda), Formicidae 1 (15.6%), Formicidae 2 (6.2%), and Forficulidae (3.4%). 

Different insects visited fruits and seeds (χ
2
 = 4551, df=9, 2-sided sign.< 0.001). Families 

Curculionidae, Scarabaeidae and Histeridae were found exclusively on fruits. Nitidulidae (χ
2
 

= 245, df=1, P<0.01) and Staphylinidae (χ
2
 = 734, df=1, P<0.01)  were more commonly found 

on fruits, but also occurred on seeds. Seeds were not visited by any insect families that did not 

also visit fruits. Families Polydesmidae (χ
2
 = 276, df=1, P<0.01), Scolytidae (χ

2
 = 157, df=1, 

P<0.01)  and Forficulidae  (χ
2
 = 73, df=1, P<0.01) were more common on seeds than on 

fruits. Scolytids were often found in holes and the observations (Figures 9 e, f & 10 c, d) are 

the numbers of holes made by them in the seed.  

Some differences were noticeable between the two locations with fruits (Afruit and Bfruit). 

Dungbeetles (Scarabaeidae) (χ
2
 = 87, df=1, P<0.01) and rove beetles (Staphylinidae) (χ

2
 = 

181, df=1, P<0.01)  were commoner in Afruit. An unidentified species of small red ant 

(Formicidae 1) was found exclusively in Bfruit. This species was also the most abundant 

(50.8%) relative to the other taxa in the same location.  

Location Cseed had higher abundance of the families Polydesmidae (χ
2
 = 119, df=1, 

P<0.01)  and Scolytidae, (χ
2
 = 84, df=1, P<0.01) compared to Dseed. A large brown 

unidentified ant species (Formicidae 2) occurred exclusively on seeds in Cseed. I regularly 

observed groups of this ant eating on the endosperm of seeds. Earwigs (Forficulidae) only 

occurred in Dseed. They most commonly occurred underneath a seed, but also inside holes in 

the endosperm. Larval stages of earwigs were also found. 

The numbers of some taxa varied in time (Figures 9 e, f & 10 c, d), while others 

occurred more evenly. The fluctuations in millipede abundance in both seed locations were 

partially explained (R
2
=0.3526 and R

2
=0.2457, respectively) by amount of precipitation the 

previous day (Figure 11). Both pulp and endosperm were consumed slower in Bfruit, than in 

Afruit (Figures 9 a-d). The endosperm was consumed slightly slower in Dseed, than in Cseed 

(Figures 10 a, b). Termites were only found on two fruits after 23 days in location Afruit and 

on one fruit after 20 days in location Bfruit.  
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Location Taxa(Family) 

Common 

 name indiv. fruit
-1

 day
-1

 

Afruit       

 
Staphylinidae Rove beetles 0.762 

 
Nitidulidae Sap beetles 0.200 

 
Scolytidae (holes) Bark beetles 0.116 

 
Scarabaeidae Dung beetles 0.099 

 
Polydesmidae Millipedes 0.077 

 
Histeridae Clown beetles 0.026 

 
Curculionidae Weevils 0.019 

 
Forficulidae Earwigs 0 

Bfruit       

 
Formicidae 1 Small red ant 0.663 

 
Staphylinidae Rove beetles 0.264 

 
Nitidulidae Sap beetles 0.237 

 
Scolytidae (holes) Bark beetles 0.067 

 
Polydesmidae Millipedes 0.019 

 
Curculionidae Weevils 0.016 

 
Scarabaeidae Dung beetles 0.016 

 
Forficulidae Earwigs 0.013 

 
Histeridae Clown beetles 0.010 

Cseed       

 
Polydesmidae Millipedes 0.457 

 
Scolytidae (holes) Bark beetles 0.420 

 
Formicidae 2 Brown ant 0.265 

 
Staphylinidae Rove beetles 0.016 

 
Nitidulidae Sap beetles 0.013 

 
Curculionidae Weevils 0 

 
Histeridae Clown beetles 0 

 
Scarabaeidae Dung beetles 0 

 
Forficulidae Earwigs 0 

Dseed       

 
Scolytidae (holes) Bark beetles 0.164 

 
Polydesmidae Millipedes 0.148 

 
Forficulidae Earwigs 0.132 

 
Nitidulidae Sap beetles 0.028 

 
Curculionidae Weevils 0 

 
Staphylinidae Rove beetles 0 

 
Histeridae Clown beetles 0 

  Scarabaeidae Dung beetles 0 

 

 

 

 

 

Table 4. Insects found on and 

underneath Mauritia fruits and 

seeds lying on the forest floor. 

Fruits and seeds were inspected 

daily for 30 days (Dseed for 26 

days). All sizes of terrestrial 

mammals were excluded. Each 

location included 50 fruits or 50 

seeds, respectively.  
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             Afruit       Bfruit  

 
 

 
 

 

Time (days) 

Figure 9. Insect visitors and consumption of fruits in two locations (Afruit and Bfruit) over 30 

days. Each location consisted of 50 fruits placed on the ground inside an exclosure preventing 

access of all terrestrial mammals. (a), (b) Mean percent pulp remaining per fruit. (c), (d) 

Mean percent endosperm remaining per fruit. (e), (f) Mean number of individuals of visiting 

insects and myriapods per fruit.   
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              Cseed       Dseed 
 

 
 

 
Time (days) 

Figure 10. Consumption of seeds and insect visitors in two locations (Cseed and Bseed) over 30 

and 26 days, respectively. Each location consisted of 50 seeds placed on the ground inside an 

exclosure preventing access of all terrestrial mammals. (a), (b) Mean percent endosperm 

remaining per seed. (c), (d) Mean number of individuals of visiting insects and myriapods per 

seed. 
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Cseed      Dseed 

 
Precipitation (mm) previous day 

Figure 11. Relationship between mean numbers of Polydesmidae millipedes found per day 

(black dots) and precipitation the previous day in two locations (Cseed & Dseed) over 30 and 26 

days, respectively Each location consisted of 50 seeds placed on the ground inside an 

exclosure preventing access of all terrestrial mammals.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

y = 0,0316x + 0,3636
R² = 0,3526

0

0,2

0,4

0,6

0,8

1

1,2

1,4

0 10 20 30

M
e

an
 n

u
m

b
e

r 
o

f 
P

o
ly

d
e

sm
id

ae
p

e
r 

se
e

d

(a)

y = 0,0106x + 0,1203
R² = 0,2457

0

0,05

0,1

0,15

0,2

0,25

0,3

0,35

0,4

0,45

0,5

0 10 20 30(b)



21 

 

4.4 Survival and germination in greenhouse experiments 

No seed had germinated within 75 days. 149 seeds (9.9%) were estimated to be alive (Figure 

12). Among these seeds, the majority (89.3%) had been covered by only water (30.9%) or 

water and soil (58.4%). Remaining surviving seeds (10.7%) had been covered by only soil 

and exposed to natural weather conditions. The largest proportion (47.7%) of the surviving 

seeds had been collected below water, 38.3% had been collected from dry ground and 14.0% 

from the palm. 

 
Figure 12. Absolute numbers of Mauritia seeds estimated to be alive (criteria p 11). after 75 

days in the greenhouse experiment. Five experimental conditions were combined with seeds 

collected from three different sources. Each of the 15 different combinations consisted of 100 

seeds. Conditions: “Wet”-seeds under water on soil, “Wet+Dark”-seeds under soil and 

under water, “Dry”-seeds on soil with no water, “Natural+Dark”-seeds under soil with 

natural precipitation, “Natural”-seeds on soil with natural precipitation. Seed sources: 

“SeedTree”-seeds collected from palm, “SeedDry”-seeds collected on dry ground, 

“SeedWet”-seeds collected from below water surface.  
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5. Discussion 

My study mimicked the different seed dispersal modes of Mauritia f. seeds. In the palm 

swamp, Aguajal, fruits may fall to the ground either complete or as seeds partially covered in 

fruit pulp. They might either end up in a protected refuge or become predated upon. The 

results indicated that when fruits or seeds end up submerged in water their predation is 

significantly reduced (Table 3). On the other hand, seeds may either arrive or become 

dispersed onto dry land either within or beyond the Aguajal. Unprotected seeds experienced 

heavy predation by insects (Figure 8 & 10) and depending on how much damage a seed can 

tolerate the story may end here. However, if seeds end up in a protected environment (in mud, 

being trampled by peccaries into the mud (Fragoso 1997) or in tapir dung (Fragoso et al. 

2003) they are more likely to escape predation and germinate (Figure 12). 

 The results provide clues why this species might be restricted to wetlands and rarely can 

solitaire individuals be found in the forest interior. Thus it appears that seed predation, 

primarily by insects affects the population dynamics and distribution of Mauritia flexuosa 

palms.  

 

5.1 The Aguajal and beyond 

Mauritia flexuosa, in contrast to many other large plant species in the tropical forest, occurs in 

mono-dominant stands. According to the Janzen-Connell model (Janzen 1970, Connell 1971), 

the existence of such groups of single species should be counteracted by a high concentration 

of specialist pathogens and predators. However, the presence of water and mud reduced seed 

predation underneath parent tree. Seed predators may be more concentrated in these stands, 

but a significant amount of seeds may escape predation by ending up in water. The results of 

both the Aguajal experiment (Table 3) and the greenhouse experiment (Figure 12) showed 

that seeds have a significant higher survival rate if they are covered by water and/or mud.  

The main fruiting season for Mauritia f. is during the rainy season (Brightsmith & 

Bravo 2006). However, I observed fruit bearing palms quite late into the dry season. 

Following the water dynamics of the Aguajal, I found that the water level dropped as the dry 

period progressed. This changed the conditions for fruits and results in a larger proportion of 

them to land on dry ground. Hence, one would expect that insect seed predation is larger 

towards the end of the dry season. By releasing their fruits early, individual palms may have 

an advantage. Whether the fruits are more protected from mammals when submerged in water 

and how the water dynamics within the Aguajal affects frugivorous mammals need further 

investigations.    

Tapirs may be the most important disperser of Mauritia seeds (Bodmer 1990, Fragoso 

& Huffman 2000, Henry et al. 2000).  However, Bodmer (1990) suggests that most seeds are 

expectorated and a very small number is actually dispersed any significant distance away 

from the parent population. Tapirs prefer to defecate in wet areas such as Aguajales, ponds or 

rivers (Janzen 1981, Bodmer 1991) but may also defecate in tierra firme “latrines” (Fragoso 

1997 ) This may increase the chance for a small number of dispersed seeds to end up 

submerged in water, while some also end up on dry land, however covered in a rather large 

dung pile. The diffuse dispersal may result in slow colonisation of new areas. Natural 

recolonization of areas where unsustainable harvesting has destroyed populations of Mauritia 

f. may thereby also be low. Colonization of new wetlands and dry land may further be 

counteracted by the seeds vulnerability on dry land and specific requirements for germination. 
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5.2 Seed vulnerability on dry land 

The fruits and seeds of Mauritia f. were rapidly consumed or removed when exposed to all 

potential predators on dry land. My study showed that mammals only contributed modestly to 

the risk for Mauritia seeds of being preyed upon (Figure 8). Small, medium and large 

mammals had similar effect on the risk for the seeds. Insects on the other hand seemed 

responsible for the largest part of the risk for seeds on bare ground (Figure 8). The 

vulnerability of seeds in general may be highly influenced by their morphology and degree of 

tolerance towards damage. 

Numerous studies indicate that seeds with larger energy reserves have an advantage in 

the shady understory of a tropical forest (Foster & Janson 1985, Hammond & Brown 1995). 

Large energy reserves in seeds may also be an adaptation to high probabilities of being 

damaged by seed predators before germinating (Dalling et al. 1997, Mack 1998). A seed with 

a large energy reserve may increase its chance to germinate despite partial damage.  

How much damage can a seed tolerate and still germinate? Vallejo et al. (2006) 

suggests that partial seed predation is often nonlethal but the response to seed damage may 

vary species specifically. Seeds have been shown to successfully germinate after up to 60% 

removal of energy reserves (Dalling et al. 1997) as well as after different levels of insect 

infestation (Branco et al. 2002). Mack (1998) studied the effects of proportional removal of 

cotyledons on germination and seedling growth of four large seeded (4-180 g) tree species 

from Papua New Guinea. All species showed small negative effects after up to 50% removal 

of cotyledons within seeds. Larger species showed a less serious effect than small seeded 

species after more than 50% removal. He concludes that large seeded species clearly have 

more than the minimum required reserves for germination and growth. This may help large 

seeded species withstand seed predation.  

Why is the Mauritia seed vulnerable on dry land? A fruit with an aromatic pulp rich in 

sugar and lipids attracts frugivorous mammals or birds, which aid in the dispersal of the plants 

seeds (Crawley 1997). In the process of and after dispersal, it is important that the vital parts 

of the seed remain intact to enable successful germination (Janzen 1969, Howe 1977). 

Exposure to seed predators through evolutionary time may have led to stronger protective 

tissues on seeds. Some insects may also concurrently have evolved to be able to break through 

this protective coat. This arms race between plants and insects may have led to specialisations 

and host specificity (Tewksbury 2002, Derr 1980). An example may be the bruchid beetles, 

which are highly host specific and attacks a seed by drilling through its (for many other 

insects) very hard and protective outer coat (Janzen 1972, Silvius & Fragoso 2002). 

Which seed tissue function as protection seems to vary among species and may for 

example be the seed coat or the endocarp. Few studies have considered how the amount of 

protective tissue around the seed affects seed predation. Zhang & Zhang (2008) studied 

removal of seeds from five tree species in north-western Beijing city, China. They looked at 

seed removal by rodents in response to different seed traits and found that seed removal rate 

decreased significantly with increasing endocarp thickness. Seed traits, such as endocarp 

thickness, may also be important for potential insect predators.   

If the pressure of insect seed predators has been absent or the plant has avoided them in 

some way, the plant may invest less energy into protective seed tissues. What would happen 

when such a seed is exposed to an environment where seed predators such as insects occur? 

Generalists or opportunistic insect seed predators may rapidly consume the seed. 

The seeds of Mauritia f. have a thin semi-hard seed coat (Figure 3), estimated not to be 

thicker than 1mm. The seed coat is the only protective tissue that separates the endosperm 

from potential consumers. The endosperm itself is hard,  which may explain why peccaries 

prefer to spit out the seed (Kiltie 1982). Insects on the other hand may break through the seed 

coat and digest the endosperm. The endocarp of the Mauritia fruit is soft and membranous.  
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The results from my study indicate that the seeds of Mauritia f. require protection from 

insect seed predators to survive until germination. Lying submerged in water seems to be the 

most efficient way of protection. Also being covered in mud, soil, litter or debris may give 

sufficient protection against seed predators. 

 

5.3 Seed predation by insects and millipedes 

Insects were found to affect seed survival on dry land more than mammals (Figure 8). The 

risk of losing half of their biomass was almost four times larger for seeds on bare ground, 

compared to seeds with a barrier of water around them. This indicates that water prevents a 

significant number of insect seed predators from damaging seeds. However, even seeds 

protected from both insects and mammals lost biomass throughout the study (Figure 7). 

Flying insects, microorganisms, fungi, arboreal mammals and birds may together have been 

responsible for this loss of biomass. 

The results from the insect experiment indicated differences between locations and 

between fruits and seeds. However, I used the total number of individual insects within 30 

days and the same individuals may have been counted over several days.  Further, the 

variation in both insect abundance and consumption was large. Reasons for this may have 

been varying time of insect colonization between individual fruits and seeds, differences in 

microclimate and my visual estimation of remaining pulp and endosperm. Nocturnal insects 

were also not considered. The results from the Insect experiment may therefore only be 

considered preliminary.  

Differences between locations suggest that the fate of the dispersed seed may depend on 

where it ends up and that spatial heterogeneity is certainly large in the tierra firme forest. The 

fruit pulp was consumed at different rates between the two locations with fruits (Figure 9 a, 

b). This may be explained by a lower abundance of dung beetles in Bfruit. Also sap beetles 

seemed associated with fruit pulp (Figure 9 e, f). They decreased rapidly in both locations 

approximately when half the pulp remained. Further studies may show that sap beetles require 

and utilize a certain amount of fresh pulp.  

Seeds did not attract dung beetles and only a small number of sap beetles. The bark 

beetles could colonize the seed without having to wait for pulp to be eaten away. In Cseed, the 

bark beetles increased up to an equilibrium point of about 0.5 holes per seed (Figure 10 c). 

Bark beetles are important seed predators on neotropical trees (Russo 2005) and palms (Pizo 

et al. 2006, Janzen 1972). 

A brown ant (Formicidae 2) was also encountered in Cseed (Figure 10 c). This ant 

seemed to be responsible for a large part of the loss of endosperm. The endosperm started to 

decrease after about ten days, when this ant first appeared. Most studies concerning ants as 

seed predators focus on plant species with seeds small enough to be carried away by them 

(Hölldobler & Wilson 1990, Munoz & Cavieres 2006, Corff & Horvitz 2005). The Mauritia 

seed is large and I observed the ants sitting on the endosperm. 

Earwigs feed predominantly on dead and decaying vegetable and animal matter, but 

may also predate on other insects or living vegetation, such as flowers and seeds (Gullan & 

Cranston 2005, Gillott 2005, Lott et al. 1995). I observed 198 earwigs underneath seeds in 

location Dseed within 30 days. They seemed to be consuming the endosperm of the seeds and 

also reproduced under the seeds.  

Millipedes belonging to the family Polydesmidae were more common on the seeds than 

on the fruits. Interestingly, in both Cseed and Dseed, the millipedes seemed to fluctuate regularly 

with peaks in abundance approximately every seventh day (Figure 10 c, d). These fluctuations 

were partially (35% and 25%, respectively) explained by amount of rain the previous day in 

the two seed locations (Figure 11). This may suggest that millipedes either need the increased 
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humidity to become active or that water makes the seeds more attractive. The drop in 

temperature after the rain (Figure 2) may also affect these organisms. 

Noticeable is also that carnivorous insects arrived relatively fast to the fruits and seeds. 

Species from the families Staphylinidae and Histeridae are examples of insect visitors that 

used the fruits as hunting grounds for prey insects and microorganisms. Tropical staphylinid 

beetles aggregate at vertebrate dung and carrion where they forage for adult Diptera (Forsyth 

& Alcock 1990). Decaying fruits may also attract flies. 

Terborgh & Beck (pers. comm.) suggested termites to be one of the prime predators on 

the seeds of Mauritia. f. on dry land.  My study, however, resulted only in few observations of 

termites consuming the Mauritia fruits and seeds. The reason may have been the extensive 

wet season during 2007-2008, resulting in flooding of the study area (Harald Beck, pers. 

comm.). The termite population may have been weakened and left the seeds more exposed to 

other insects. 

In summary, a number of insect taxa, most of them with different feeding preferences, 

visited the fruits and seeds. Different insects may affect seed survival in various ways and 

also facilitate colonization by other insect taxa.  

 

 5.4 Effects of insect seed predation 

Results from the insect experiment indicated a succession of insect visitors. This may be 

closely related to consumption of different tissues of the fruit and seed. When for example the 

pulp was consumed, more of the seed were exposed, attracting other insect taxa, such as bark 

beetles. The amount of damage to the seed (e.g. number of holes, consumed endosperm) 

started increasing, when approximately 50% of the pulp was removed (Figure 9). These initial 

injuries may allow further colonization by other insects, microorganisms, pathogens and fungi 

onto the endosperm. One might argue that most of these successions of insect infection may 

be prevented if a fruit or seed arrives in water or mud.  

The consumption of pulp varied little across treatments in the dry land experiment 

(Figure 8 b). It did not matter if the fruit was lying on the bare ground or if it was protected 

from terrestrial insects. This may indicate that the insects consuming the pulp were not 

stopped by the barrier of water. Dung beetles (Scarabaeidae) and sap beetles (Nitidulidae) 

were among the most commonly observed insect families on the fruits in the insect 

experiment. Both of these families consist of flying insects which are associated with 

decaying fruit pulp (Larsen et al. 2006, Whittaker & Turner 1994). On the other hand, seeds 

were mostly visited by millipedes (Polydesmidae), ants (Formicidae) and earwigs 

(Forficulidae). These taxa cannot fly and were stopped by the water barrier. Consequently, the 

difference between seeds on bare ground and seeds surrounded by water became larger 

(Figure 8 a, c).   

Thus, flying insects seemed attracted to and consume the pulp while non-flying insects 

and millipedes seem to play a more important role in the consumption of the seeds. 

Apparently bark beetles were an exception because they could fly and attack the seed directly. 

They may however have to wait until the pulp was eaten away and the seed was exposed.  

This might indicate that seeds are temporarily protected from insects by the surrounding 

fruit pulp. A seed inside a fruit may be protected a larger part of the time to germination 

compared to an exposed seed. However, fruit pulp inhibits the process of germination in some 

species (Janzen 1969). Whittaker & Turner (1994) studied insects consuming the pulp of 

fallen fruits of the important canopy tree, Dysoxylum gaudichaudianum, in Indonesia. Bird 

activity dislodges fruits, which fall to the ground. Insect activity was then beneficial for the 

plant in displacing the seeds from the fallen fruits (Whittaker & Turner 1994). Similar to my 

study, they also observed sap beetles (larvae) in the initial phase of fruit decay and also 
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several species of staphylinid beetles starting to colonize about 48 hours after placement of 

the fruits on the forest floor.   

Many fruits in the Aguajal experiment that were submerged under water or mud were 

completely preserved with an intact pulp and skin. If the germination process of Mauritia 

seeds is inhibited by the presence of pulp, then whole fruits that become submerged may not 

benefit from their protected position. Further studies of germination requirements and 

tolerance are needed to answer these questions. 

 

5.5 Conditions for germination 

No seeds germinated in my study. This makes it difficult to suggest a reason why Mauritia f. 

almost exclusively is found growing in wetlands or regularly flooded land. Insect seed 

predation was hypothesized to limit the distribution on dry land. The results indicated that 

insects did play an important role as predators on the seeds. However, other factors may affect 

germination too. 

Three of my four experiments were run for at least 75 days, but the seeds may have 

required more time. Also injured seeds may have been unable to germinate. However, seeds 

were still estimated alive and intact after 75 days, both in the Aguajal experiment and 

greenhouse experiment. The fact that no seed germinated in all the different conditions tested 

in these three experiments suggests that the process leading to successful germination of seeds 

is quite complex.  

Factors such as light (e.g. day length), chemical environment (e.g. nitrate concentration 

in soil), temperature and scarification (e.g. mechanical or chemical) might be important in 

breaking dormancy and start the germination process in some seeds (Crawley 1997). Lopéz 

(1984, cited by COMAPA 2005) does not recommend mechanical peeling of Mauritia seeds 

to get them to germinate, because this will cause the death of the embryo. He also suggests 

that cooling the seeds (5ºC in 20 days) or submerging the seeds in water (40-60 days) may 

increase the percentage of germinating seeds. This may indicate that the seed is vulnerable to 

mechanical damage and may need to be soaked in water for some time before germination 

takes place. 

 

5.6 Implications for management and further studies 

Mauritia flexuosa, with its nutritious fruits, has great potential as a non-timber local resource 

for the people in Latin America. Many local communities already depend economically on 

this palm (Carrera 2000), but a sustainable use is necessary to protect the natural stands 

throughout its distribution. Wild populations of Mauritia f. sustains a great variety of wildlife 

and is an important food source and nesting site for many animals and habitat for a number of 

plant species. Both the development of plantations of the palm in agroforestry systems 

(Santos 2005, Manzi & Coomes 2008) and improvements in the management of wild stands 

(Holm et al. 2008, Carrera 2000) have been suggested. 

My study discovered a number of seed predators, able to significantly damage seeds on 

the ground. It may be advised to consider this when planning and executing plantations of 

Mauritia f. To bring up seedlings in a protected environment before planting them may be a 

way of avoiding high mortality among seeds. Utilization of palm climbing devices (Manzi & 

Coomes 2008) or dwarf forms of the species (Vasquez et al. 2008) may be good ways of 

simplifying harvesting and avoid cutting down the palm to reach the fruits  

Regarding the management of wild populations of Mauritia f, it may be very important 

to protect and sustain the water dynamics of Aguajales. Successful germination is necessary 

to sustain healthy populations. Seeds seem to require protection in water or mud. Natural 

dispersal and recolonisation of areas where harvesting has destroyed populations may be low. 

Replanting palm seedlings may therefore be necessary. 
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Further studies of factors affecting the germination of Mauritia seeds would be 

valuable. Dormancy breaking, water requirements, tolerance of seed damage and time to 

germination are all important factors and increased knowledge may aid to the management of 

this palm. The study of abiotic factors may preferably be done in a laboratory.  

More studies of the seed predators themselves are encouraged and may help in 

understanding not only the ecology of Mauritia f., but also seed predation as a crucial driving 

force of the dynamics in a tropical forest. Further studies of pathogens, such as fungi, and 

their modes of dispersal and infection are important. 

Since Mauritia f. is used by many people in Latin America it is essential that the 

ecological knowledge is fused with the socio-economical aspect of this resource. This may 

require further studies of which role the fruits of this palm has in the daily life of people.  

 

5.7 Conclusions 

The results of this study did show that the seeds from Mauritia f. are vulnerable on the tierra 

firme forest floor. However, the results did not unequivocally demonstrate if the seeds’ 

requirements for germination stops the palm from growing on dry land. Terrestrial insects 

seemed to be crucial seed predators. Even if protected from mammals, the seeds were heavily 

predated upon by various insect taxa. This was the case in tierra firme forest as well as on dry 

ground within the Aguajal. Termites did not play a major role as seed predators. Spatial 

heterogeneity and water dynamics may be important factors for the seed survival in the 

Aguajal. Water and mud seemed to be an excellent medium of protection from insect seed 

predators. 
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Appendix A 

Differences among treatments and blocks in field experiment (Seed predators on dry land) 

with Mauritia flexuosa fruits and seeds placed in mammal exclosures and insect exclosures in 

tierra firme forest. Treatment names indicate which size class of mammals had access to 

seeds or fruits (None = no mammals, Small = only small mammals, M+L= medium and large 

mammals, Med = only medium mammals, All = all sizes of mammals) and if seeds and fruits 

within each treatment were protected against terrestrial insects (+H2O) or were lying on 

bare ground (-H2O). The terminating event was when A) Mauritia seeds were consumed 

down to 50% of their biomass, B) Mauritia fruits were consumed down to 50% of their 

biomass and C) Mauritia fruits were consumed down to 80% of their biomass. Both 

differences between treatments (index = treatments) and blocks (index = blocks) are shown. 

Data analyzed with Cox’s proportional hazards regression model. 

 

A treatments 
         Treatment β SE Wald df P Exp(β) Lower(95%CI) Upper(95%CI) 

None+H2O vs. None-H2O 1,357 0,174 60,957 1 <0,001 3,884 2,763 5,459 

None+H2O vs. Small+H2O 0,229 0,171 1,795 1 0,18 1,258 0,899 1,759 

None+H2O vs. Small-H2O 1,708 0,177 93,449 1 <0,001 5,516 3,902 7,797 
None+H2O vs. M+L+H2O 0,792 0,168 22,17 1 <0,001 2,208 1,588 3,07 

None+H2O vs. M+L-H2O 1,715 0,173 98,084 1 <0,001 5,556 3,957 7,802 

None+H2O vs. Med+H2O 0,507 0,169 9,021 1 0,003 1,66 1,193 2,311 

None+H2O vs. Med-H2O 1,647 0,175 88,079 1 <0,001 5,19 3,68 7,32 

None+H2O vs. All+H2O 1,913 0,176 118,339 1 <0,001 6,775 4,8 9,564 
None+H2O vs. All-H2O 2,732 0,181 226,726 1 <0,001 15,362 10,765 21,922 

None-H2O vs. Small+H2O -1,127 0,17 43,899 1 <0,001 0,324 0,232 0,452 
None-H2O vs. Small-H2O 0,351 0,159 4,896 1 0,027 1,42 1,041 1,938 

None-H2O vs. M+L+H2O -0,565 0,165 11,756 1 0,001 0,568 0,412 0,785 

None-H2O vs. M+L-H2O 0,358 0,158 5,115 1 0,024 1,431 1,049 1,952 
None-H2O vs. Med+H2O -0,85 0,167 25,982 1 <0,001 0,427 0,308 0,593 

None-H2O vs. Med-H2O 0,29 0,158 3,351 1 0,067 1,336 0,98 1,823 

None-H2O vs. All+H2O 0,557 0,159 12,317 1 <0,001 1,745 1,279 2,381 

None-H2O vs. All-H2O 1,357 0,162 72,116 1 <0,001 3,956 2,88 5,433 
Small+H2O vs. Small-H2O 1,478 0,173 73,142 1 <0,001 4,386 3,125 6,154 

Small+H2O vs. M+L+H2O 0,563 0,166 11,507 1 0,001 1,755 1,268 2,43 
Small+H2O vs. M+L-H2O 1,486 0,17 76,626 1 <0,001 4,418 3,168 6,161 

Small+H2O vs. Med+H2O 0,278 0,167 2,773 1 0,096 1,32 0,952 1,83 

Small+H2O vs. Med-H2O 1,417 0,172 68,143 1 <0,001 4,127 2,947 5,778 
Small+H2O vs. All+H2O 1,684 0,172 95,68 1 <0,001 5,387 3,844 7,549 

Small+H2O vs. All-H20 2,503 0,178 198,584 1 <0,001 12,215 8,624 17,3 

Small-H2O vs. M+L+H2O -0,916 0,167 29,936 1 <0,001 0,4 0,288 0,556 
Small-H2O vs. M+L-H2O 0,007 0,159 0,002 1 0,963 1,007 0,738 1,375 

Small-H2O vs. Med+H2O -1,201 0,17 50,16 1 <0,001 0,301 0,216 0,42 

Small-H2O vs. Med-H2O -0,061 0,158 0,148 1 0,701 0,941 0,69 1,283 

Small-H2O vs. All+H2O 0,206 0,158 1,688 1 0,194 1,228 0,901 1,675 

Small-H2O vs. All-H2O 1,024 0,16 40,796 1 <0,001 2,785 2,034 3,814 

M+L+H2O vs. M+L-H2O 0,923 0,165 31,449 1 <0,001 2,517 1,823 3,475 
M+L+H2O vs. Med+H2O -0,285 0,162 3,082 1 0,079 0,752 0,547 1,034 

M+L+H2O vs. Med-H2O 0,855 0,166 26,426 1 <0,001 2,351 1,697 3,257 

M+L+H2O vs. All+H2O 1,121 0,167 45,338 1 <0,001 3,069 2,214 4,254 
M+L+H2O vs. All-H2O 1,94 0,172 127,312 1 <0,001 6,959 4,968 9,747 

M+L-H2O vs. Med+H2O  -1,208 0,167 52,63 1 <0,001 0,299 0,216 0,414 

M+L-H2O vs. Med-H2O -0,068 0,159 0,185 1 0,667 0,934 0,685 1,274 
M+L-H2O vs. All+H2O 0,198 0,159 1,566 1 0,211 1,219 0,894 1,664 

M+L-H2O vs. All+H2O 1,017 0,161 39,768 1 <0,001 2,765 2,016 3,793 

Med+H2O vs. Med-H2O 1,14 0,168 45,819 1 <0,001 3,127 2,248 4,35 
Med+H2O vs. All+H2O 1,407 0,169 69,462 1 <0,001 4,082 2,932 5,682 

Med+H2O vs. All-H2O 2,225 0,174 162,929 1 <0,001 9,255 6,576 13,024 

Med-H2O vs. All+H2O 0,267 0,158 2,832 1 0,092 1,305 0,957 1,781 
Med-H2O vs. All-H2O 1,085 0,161 45,635 1 <0,001 2,96 2,16 4,055 

All+H2O vs. All-H2O 0,819 0,16 26,149 1 <0,001 2,267 1,657 3,103 

     
 

   Overall χ2 = 397.576, df=9, P<0.001               
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A blocks 
         Block β SE Wald df P Exp(β) Lower(95%CI) Upper(95%CI) 

A vs. B 0,291 0,144 4,061 1 0,044 1,337 1,008 1,774 

A vs. C -0,065 0,144 0,202 1 0,653 0,938 0,708 1,242 

A vs. D -0,279 0,148 3,552 1 0,059 0,756 0,566 1,011 
A vs. E 0,049 0,144 0,115 1 0,734 1,05 0,792 1,393 

A vs. F 0,065 0,146 0,201 1 0,654 1,067 0,803 1,42 

A vs. G 0,258 0,145 3,176 1 0,075 1,294 0,975 1,718 
A vs. H 0,467 0,144 10,54 1 0,001 1,596 1,203 2,116 

B vs. C -0,355 0,143 6,197 1 0,013 0,701 0,53 0,927 

B vs. D -0,57 0,147 14,948 1 <0,001 0,566 0,424 0,755 
B vs. E -0,242 0,143 2,846 1 0,092 0,785 0,593 1,04 

B vs. F -0,225 0,145 2,426 1 0,119 0,798 0,601 1,06 

B vs. G -0,033 0,143 0,053 1 0,818 0,968 0,731 1,281 
B vs. H 0,177 0,143 1,538 1 0,215 1,193 0,902 1,578 

C vs. D -0,215 0,147 2,136 1 0,144 0,807 0,605 1,076 

C vs. E 0,113 0,142 0,636 1 0,425 1,12 0,848 1,48 
C vs. F 0,13 0,144 0,813 1 0,367 1,139 0,859 1,51 

C vs. G 0,322 0,143 5,085 1 0,024 1,38 1,043 1,826 

C vs. H 0,532 0,142 13,982 1 <0,001 1,702 1,288 2,25 
D vs. E 0,328 0,147 4,953 1 0,026 1,389 1,04 1,854 

D vs. F 0,345 0,149 5,374 1 0,02 1,411 1,055 1,889 

D vs. G 0,537 0,148 13,179 1 <0,001 1,711 1,28 2,286 
D vs. H 0,747 0,147 25,737 1 <0,001 2,11 1,581 2,816 

E vs. F 0,016 0,145 0,013 1 0,91 1,016 0,766 1,349 
E vs. G  0,209 0,143 2,115 1 0,146 1,232 0,93 1,632 

E vs. H 0,418 0,143 8,576 1 0,003 1,52 1,148 2,011 

F vs. G 0,192 0,145 1,76 1 0,185 1,212 0,912 1,611 
F vs. H 0,402 0,144 7,757 1 0,005 1,495 1,127 1,984 

G vs. H 0,21 0,143 2,153 1 0,142 1,233 0,932 1,632 

     
 

   Overall χ2 = 36.307, df=7, P<0.001               

 

 

B treatments 
         Treatment β SE Wald df P Exp(β) Lower(95%CI) Upper(95%CI) 

None+H2O vs. None-H2O 0,022 0,191 0,013 1 0,908 1,022 0,702 1,488 

None+H2O vs. Small+H2O 0,077 0,191 0,163 1 0,686 1,08 0,743 1,57 
None+H2O vs. Small-H2O -0,044 0,191 0,054 1 0,816 0,957 0,658 1,391 

None+H2O vs. M+L+H2O 0,366 0,19 3,703 1 0,054 1,442 0,993 2,092 

None+H2O vs. M+L-H2O 0,651 0,192 11,476 1 0,001 1,918 1,316 2,795 
None+H2O vs. Med+H2O 0,318 0,192 2,756 1 0,097 1,375 0,944 2,002 

None+H2O vs. Med-H2O 0,354 0,191 3,419 1 0,064 1,425 0,979 2,073 

None+H2O vs. All+H2O 0,687 0,192 12,783 1 <0,001 1,988 1,364 2,898 
None+H2O vs. All-H2O 1,623 0,196 68,882 1 <0,001 5,068 3,455 7,436 

None-H2O vs. Small+H2O 0,055 0,191 0,083 1 0,774 1,057 0,726 1,537 

None-H2O vs. Small-H2O -0,067 0,189 0,124 1 0,725 0,936 0,646 1,356 
None-H2O vs. M+L+H2O 0,344 0,191 3,235 1 0,072 1,41 0,97 2,051 

None-H2O vs. M+L-H2O 0,629 0,19 10,964 1 0,001 1,876 1,293 2,722 

None-H2O vs. Med+H2O 0,296 0,189 2,447 1 0,118 1,345 0,928 1,949 
None-H2O vs. Med-H2O 0,332 0,189 3,072 1 0,08 1,394 0,962 2,02 

None-H2O vs. All+H2O 0,665 0,19 12,251 1 <0,001 1,945 1,34 2,823 

None-H2O vs. All-H2O 1,601 0,194 68,308 1 <0,001 4,958 3,392 7,247 
Small+H2O vs. Small-H2O -0,121 0,191 0,404 1 0,525 0,886 0,609 1,288 

Small+H2O vs. M+L+H2O 0,289 0,19 2,304 1 0,129 1,335 0,919 1,938 

Small+H2O vs. M+L-H2O 0,574 0,192 8,955 1 0,003 1,776 1,219 2,586 
Small+H2O vs. Med+H2O 0,241 0,192 1,588 1 0,208 1,273 0,875 1,853 

Small+H2O vs. Med-H2O 0,277 0,191 2,098 1 0,147 1,319 0,907 1,919 

Small+H2O vs. All+H2O 0,61 0,192 10,091 1 0,001 1,841 1,263 2,683 
Small+H2O vs. All-H20 1,546 0,195 62,889 1 <0,001 4,693 3,202 6,877 

Small-H2O vs. M+L+H2O 0,41 0,191 4,623 1 0,032 1,507 1,037 2,191 

Small-H2O vs. M+L-H2O 0,696 0,19 13,388 1 <0,001 2,005 1,381 2,91 
Small-H2O vs. Med+H2O 0,363 0,189 3,669 1 0,055 1,437 0,992 2,083 

Small-H2O vs. Med-H2O 0,398 0,19 4,414 1 0,036 1,489 1,027 2,16 

Small-H2O vs. All+H2O 0,732 0,191 14,747 1 <0,001 2,079 1,431 3,02 

Small-H2O vs. All-H2O 1,667 0,194 73,716 1 <0,001 5,299 3,621 7,754 

M+L+H2O vs. M+L-H2O 0,285 0,192 2,22 1 0,136 1,33 0,914 1,936 

M+L+H2O vs. Med+H2O -0,047 0,191 0,062 1 0,804 0,954 0,656 1,387 
M+L+H2O vs. Med-H2O -0,012 0,191 0,004 1 0,951 0,988 0,68 1,436 

M+L+H2O vs. All+H2O 0,322 0,191 2,827 1 0,093 1,379 0,948 2,007 

M+L+H2O vs. All-H2O 1,257 0,194 41,912 1 <0,001 3,516 2,403 5,144 
M+L-H2O vs. Med+H2O  -0,333 0,189 3,092 1 0,079 0,717 0,495 1,039 
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M+L-H2O vs. Med-H2O -0,297 0,19 2,449 1 0,118 0,743 0,512 1,078 

M+L-H2O vs. All+H2O 0,036 0,191 0,036 1 0,85 1,037 0,713 1,509 

M+L-H2O vs. All+H2O 0,972 0,191 25,873 1 <0,001 2,643 1,817 3,843 
Med+H2O vs. Med-H2O 0,036 0,19 0,035 1 0,851 1,036 0,715 1,503 

Med+H2O vs. All+H2O 0,369 0,191 3,737 1 0,053 1,446 0,995 2,103 

Med+H2O vs. All-H2O 1,305 0,193 45,932 1 <0,001 3,687 2,528 5,376 
Med-H2O vs. All+H2O 0,333 0,19 3,087 1 0,079 1,396 0,962 2,024 

Med-H2O vs. All-H2O 1,269 0,193 43,448 1 <0,001 3,558 2,439 5,188 

All+H2O vs. All-H2O 0,936 0,194 23,316 1 <0,001 2,549 1,743 3,727 

     
 

   Overall χ2 = 132.465, df=9, P<0.001                 

 

 

B blocks 
         Block β SE Wald df P Exp(β) Lower(95%CI) Upper(95%CI) 

A vs. B 0,177 0,169 1,092 1 0,296 1,193 0,857 1,663 

A vs. C -0,057 0,17 0,113 1 0,736 0,944 0,677 1,318 

A vs. D -0,031 0,169 0,033 1 0,857 0,97 0,696 1,352 
A vs. E 0,193 0,171 1,271 1 0,26 1,213 0,867 1,696 

A vs. F 0,204 0,169 1,457 1 0,227 1,227 0,88 1,709 

A vs. G 0,073 0,169 0,185 1 0,667 1,075 0,772 1,498 
A vs. H 0,78 0,17 20,952 1 <0,001 2,181 1,562 3,045 

B vs. C -0,234 0,17 1,892 1 0,169 0,791 0,567 1,104 

B vs. D -0,207 0,169 1,501 1 0,221 0,813 0,583 1,132 
B vs. E 0,016 0,171 0,009 1 0,924 1,016 0,727 1,422 

B vs. F 0,028 0,169 0,027 1 0,871 1,028 0,738 1,432 

B vs. G -0,104 0,169 0,378 1 0,539 0,901 0,647 1,256 
B vs. H 0,603 0,17 12,613 1 <0,001 1,828 1,31 2,549 

C vs. D 0,027 0,17 0,024 1 0,876 1,027 0,736 1,434 

C vs. E 0,25 0,171 2,148 1 0,143 1,284 0,919 1,795 
C vs. F 0,261 0,17 2,377 1 0,123 1,299 0,932 1,811 

C vs. G 0,13 0,17 0,583 1 0,445 1,139 0,816 1,59 

C vs. H 0,837 0,171 23,879 1 <0,001 2,309 1,651 3,23 

D vs. E 0,224 0,172 1,699 1 0,192 1,251 0,893 1,75 

D vs. F 0,235 0,169 1,921 1 0,166 1,265 0,907 1,763 

D vs. G 0,103 0,169 0,373 1 0,541 1,109 0,796 1,545 
D vs. H 0,81 0,17 22,701 1 <0,001 2,249 1,611 3,138 

E vs. F 0,011 0,171 0,004 1 0,947 1,011 0,724 1,413 

E vs. G  -0,12 0,171 0,493 1 0,483 0,887 0,634 1,24 
E vs. H 0,587 0,171 11,664 1 0,001 1,798 1,284 2,518 

F vs. G -0,132 0,169 0,604 1 0,437 0,877 0,629 1,222 
F vs. H 0,575 0,17 11,484 1 0,001 1,778 1,275 2,48 

G vs. H 0,707 0,17 17,325 1 <0,001 2,028 1,454 2,829 

         Overall χ2 = 35.846, df=7, P<0.001                 

 
 

C treatments 
         Treatment β SE Wald df P Exp(β) Lower(95%CI) Upper(95%CI) 

None+H2O vs. None-H2O 1,456 0,227 41,284 1 <0,001 4,29 2,751 6,689 

None+H2O vs. Small+H2O 0,368 0,235 2,438 1 0,118 1,444 0,91 2,291 
None+H2O vs. Small-H2O 1,433 0,225 40,61 1 <0,001 4,191 2,697 6,511 

None+H2O vs. M+L+H2O 1,351 0,224 36,223 1 <0,001 3,86 2,486 5,992 

None+H2O vs. M+L-H2O 2,055 0,228 81,027 1 <0,001 7,805 4,989 12,208 
None+H2O vs. Med+H2O 0,559 0,232 5,833 1 0,016 1,749 1,111 2,754 

None+H2O vs. Med-H2O 1,73 0,225 59,074 1 <0,001 5,64 3,628 8,768 

None+H2O vs. All+H2O 1,681 0,224 56,51 1 <0,001 5,369 3,464 8,321 
None+H2O vs. All-H2O 2,949 0,235 157,215 1 <0,001 19,094 12,041 30,278 

None-H2O vs. Small+H2O -1,089 0,213 26,249 1 <0,001 0,337 0,222 0,511 
None-H2O vs. Small-H2O -0,023 0,189 0,015 1 0,901 0,977 0,674 1,416 

None-H2O vs. M+L+H2O -0,106 0,195 0,294 1 0,587 0,9 0,614 1,318 

None-H2O vs. M+L-H2O 0,598 0,19 9,951 1 0,002 1,819 1,254 2,639 
None-H2O vs. Med+H2O -0,897 0,209 18,441 1 <0,001 0,408 0,271 0,614 

None-H2O vs. Med-H2O 0,274 0,19 2,082 1 0,149 1,315 0,907 1,907 

None-H2O vs. All+H2O 0,224 0,194 1,335 1 0,248 1,251 0,855 1,831 
None-H2O vs. All-H2O 1,493 0,196 58,105 1 <0,001 4,451 3,032 6,534 

Small+H2O vs. Small-H2O 1,065 0,211 25,523 1 <0,001 2,902 1,919 4,387 

Small+H2O vs. M+L+H2O 0,983 0,211 21,641 1 <0,001 2,673 1,766 4,044 
Small+H2O vs. M+L-H2O 1,687 0,214 62,081 1 <0,001 5,404 3,552 8,223 

Small+H2O vs. Med+H2O 0,192 0,22 0,762 1 0,383 1,211 0,787 1,863 

Small+H2O vs. Med-H2O 1,362 0,211 41,65 1 <0,001 3,906 2,582 5,907 
Small+H2O vs. All+H2O 1,313 0,21 38,932 1 <0,001 3,718 2,461 5,616 

Small+H2O vs. All-H20 2,582 0,221 136,047 1 <0,001 13,222 8,568 20,404 
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Small-H2O vs. M+L+H2O -0,082 0,194 0,18 1 0,672 0,921 0,63 1,347 

Small-H2O vs. M+L-H2O 0,622 0,19 10,691 1 0,001 1,862 1,283 2,704 

Small-H2O vs. Med+H2O -0,874 0,207 17,78 1 <0,001 0,417 0,278 0,627 
Small-H2O vs. Med-H2O 0,297 0,189 2,464 1 0,117 1,346 0,929 1,951 

Small-H2O vs. All+H2O 0,248 0,193 1,645 1 0,2 1,281 0,877 1,871 

Small-H2O vs. All-H2O 1,517 0,196 59,813 1 <0,001 4,557 3,103 6,692 
M+L+H2O vs. M+L-H2O 0,704 0,196 12,933 1 <0,001 2,022 1,378 2,968 

M+L+H2O vs. Med+H2O -0,791 0,207 14,568 1 <0,001 0,453 0,302 0,68 

M+L+H2O vs. Med-H2O 0,379 0,194 3,822 1 0,051 1,461 0,999 2,137 
M+L+H2O vs. All+H2O 0,33 0,195 2,854 1 0,091 1,391 0,949 2,04 

M+L+H2O vs. All-H2O 1,599 0,202 62,548 1 <0,001 4,947 3,329 7,352 

M+L-H2O vs. Med+H2O  -1,495 0,21 50,505 1 <0,001 0,224 0,148 0,339 
M+L-H2O vs. Med-H2O -0,325 0,19 2,927 1 0,087 0,723 0,498 1,048 

M+L-H2O vs. All+H2O -0,374 0,195 3,687 1 0,055 0,688 0,47 1,008 

M+L-H2O vs. All+H2O 0,895 0,193 21,565 1 <0,001 2,447 1,677 3,569 
Med+H2O vs. Med-H2O 1,171 0,207 31,869 1 <0,001 3,224 2,147 4,841 

Med+H2O vs. All+H2O 1,121 0,206 29,504 1 <0,001 3,069 2,048 4,599 

Med+H2O vs. All-H2O 2,39 0,218 120,623 1 <0,001 10,925 7,125 16,721 

Med-H2O vs. All+H2O -0,049 0,193 0,065 1 0,798 0,952 0,652 1,39 

Med-H2O vs. All-H2O 1,219 0,194 39,375 1 <0,001 3,385 2,313 4,955 

All+H2O vs. All-H2O 1,269 0,201 39,961 1 <0,001 3,557 2,4 5,271 

         Overall χ2 = 292.363, df=9, P<0.001                 

 
 

C blocks 
         Block β SE Wald df P Exp(β) Lower(95%CI) Upper(95%CI) 

A vs. B 0,57 0,182 9,815 1 0,002 1,768 1,238 2,525 

A vs. C 0,384 0,183 4,394 1 0,036 1,468 1,025 2,103 
A vs. D 0,169 0,186 0,82 1 0,365 1,184 0,822 1,706 

A vs. E 0,337 0,183 3,405 1 0,065 1,401 0,979 2,005 

A vs. F 0,2 0,188 1,132 1 0,287 1,222 0,845 1,767 
A vs. G 0,345 0,185 3,494 1 0,062 1,413 0,983 2,029 

A vs. H 0,785 0,184 18,139 1 <0,001 2,192 1,527 3,145 

B vs. C -0,186 0,173 1,152 1 0,283 0,831 0,592 1,166 
B vs. D -0,401 0,177 5,161 1 0,023 0,67 0,474 0,946 

B vs. E -0,232 0,173 1,802 1 0,179 0,793 0,565 1,113 

B vs. F -0,37 0,179 4,251 1 0,039 0,691 0,486 0,982 
B vs. G -0,224 0,175 1,643 1 0,2 0,799 0,567 1,126 

B vs. H 0,215 0,174 1,52 1 0,218 1,24 0,881 1,745 

C vs. D -0,215 0,178 1,467 1 0,226 0,806 0,569 1,142 
C vs. E -0,047 0,174 0,072 1 0,789 0,954 0,678 1,343 

C vs. F -0,184 0,181 1,036 1 0,309 0,832 0,584 1,185 

C vs. G -0,039 0,176 0,048 1 0,826 0,962 0,681 1,359 
C vs. H 0,401 0,176 5,187 1 0,023 1,493 1,057 2,107 

D vs. E 0,169 0,178 0,9 1 0,343 1,184 0,835 1,678 

D vs. F 0,032 0,184 0,03 1 0,864 1,032 0,72 1,48 
D vs. G 0,177 0,18 0,965 1 0,326 1,193 0,839 1,698 

D vs. H 0,616 0,179 11,786 1 0,001 1,852 1,303 2,632 
E vs. F -0,137 0,18 0,579 1 0,447 0,872 0,612 1,241 

E vs. G  0,008 0,176 0,002 1 0,964 1,008 0,714 1,424 

E vs. H 0,447 0,176 6,478 1 0,011 1,564 1,108 2,207 
F vs. G 0,145 0,182 0,635 1 0,426 1,156 0,809 1,652 

F vs. H 0,584 0,182 10,361 1 0,001 1,794 1,257 2,561 

G vs. H 0,439 0,178 6,113 1 0,013 1,552 1,095 2,198 

         
Overall χ2 = 25.883, df=7, P=0.001                 

 
 

 

 


