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General introduction

1.1. Mangroves in Bangladesh

Mangrove forests are complex and also highly productive ecosystems, harboring
distinctive biophysical environments in intertidal coastal regions of the tropics and
subtropics (Nagarajan et al., 2008). The total mangrove area in the world covers about
15 million hectares distributed across 100 countries (FAO, 2003). Bangladesh
accommodates approximately 4%, or 6000 km?, of the world mangrove forests and is
placed at the sixth position in terms of mangrove area coverage (Hossain, 2015).
Mangroves present in Bangladesh largely represent naturally developed mangroves
(The Sundarbans, Chakaria Sundarbans and scattered mangroves) except for 170 km?

of mangroves planted specifically for coastal protection (Hoque and Datta, 2005).

Aside from being a top-ranking mangrove country, Bangladesh, along with neighboring
India, is home to the world’s largest uninterrupted single tract mangrove forest, “The
Sundarbans”. In all, 62% of the Sundarbans forest pertains to Bangladesh, located
between 21°38'10.18" and 22°29'51.65" north and 89°02'22.87" and 89°53'13.93" east
(Aziz and Paul, 2015). The Sundarbans is a diversified and unique ecosystem comprising
dynamic fauna and flora communities (Nagaranjan et al., 2008). Apart from mangrove
species, the Sundarbans is home to an extensive diversity of plant and animal species

(Table 1.1).
Table 1.1

Number of major species contributing to the flora and fauna in the Sundarbans,

Bangladesh ( Islam et., 2016; Aziz and Paul, 2015).

Flora/Fauna Total number of species
Plant 61,189
Mangrove 182
Wildlife 1136
Terrestrial 289
Aquatic 678
Others 619
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Among 111 plant families contributing to mangrove forest formation, eight are
dominant dicotylodon woody trees, i.e., Heritiera fomes, Excoecaria agalocha,
Xylocarpus mekongensis, X. granatum, Bruguiera gymnorhiza, Sonneratia apetala,
Avicennia officinalis and Ceriops decundra while one species is the only mangrove tree
from the monocotylodon Palmae (Arecaceae) family (Rahman et al., 2015; Chaffey et

al., 1985).
1.2. Contribution of mangroves to fisheries

Mangroves are highly productive ecosystems, with mangrove trees and algae growing
on tree roots and on the forest floor and phytoplankton in the water column
contributing to the net primary production (NPP) (Verweij et al., 2008; Nordhaus et al.,
2006). The total NPP along the oligohaline zone of the Sundarbans reserve forest (SRF)
was estimated at 21.0 t.halyr? (Kamruzzaman et., 2017). The mangrove ecosystem
also receives and traps nutrients form the land (river, run-off) and from the sea
(estuary/tides/waves) which also contribute to its high biological productivity (Victor et
al., 2004) and fisheries production (Reef et al., 2010; Kristensen et al., 2008; McKinnon
et al.,, 2002). Mangrove leaf litter is one of the main contributors to biological
productivity and fisheries production, especially via the detritus pathway (Hutchison et

al., 2014; Ellis et al., 2006).
1.3. Destruction of mangroves

Although mangrove forests are among one of the most productive and biologically
important ecosystems, this unique ecosystem has suffered great worldwide losses in
coverage and habitat quality based on unsustainable overexploitation and alternative
land use development (Kibria, 2013). Unsustainable shrimp aquaculture is by a

considerable margin, the greatest single cause of worldwide mangrove loss (Fig 1.1).
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Fig 1.1. Area of mangrove habitat destroyed worldwide by different human activities

(modified from IUCN, 2005).

Recent estimates are that about 50% of the historic global coverage of mangroves has
already been lost (Zabbey and Tanee, 2016), with more than 35% of this loss having
occurred during the 1980s and 1990s alone (Romanach et al., 2018). The same is true
for Bangladesh which also underwent an unprecedented expansion of export-oriented
shrimp culture activities, including conversion of mangrove areas into pond areas
between 1977 and 1996 (Hossain et al., 2001). For instance, 75 km? of mangrove forest
in the Chakaria Sundarbans, Cox’s Bazar, Bangladesh, has been totally deforested
(Hossain et al., 2001), of which one third of the aera was converted to shrimp ponds
and more elevated land was converted into croplands by the end of 2016. The

remaining land largely remains bare, with small areas used for salt production (Fig. 1.2).
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Fig. 1.2. Shows the base map (left) and recent spatial-temporal changes to major land
use of the Chakaria sub-district. The mangrove forest is converted upon by

aquaculture, crop land and salt production. (Source: Abdullah et al., 2021).

1.4. Shrimp aquaculture in Bangladesh

Bangladesh is one of the most suitable regions for fisheries and aquaculture in Asia with
its vast wetlands, estuaries and alluvial soils. The fishery sector in Bangladesh is divided
into four subsectors: (1) inland fisheries, (2) marine fisheries, (3) freshwater
aquaculture and (4) coastal (brackish) aquaculture (DOF, 2016). Combined, freshwater
and coastal aquaculture are referred to as ‘inland aquaculture’. In particular, the
production of inland aquaculture has increased greatly through the introduction of new
technologies and species (DOF, 2021). Coastal aquaculture largely amounts to shrimp

and prawn farming in ponds or aquatic enclosures (Shamsuzzaman et al., 2017).

Shrimp aquaculture, mostly practised in the south-western region of Bangladesh, plays

an important role in the economy by generating a significant portion of foreign
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exchange earnings and serving as a source of employment (BBS, 2021). Bangladesh
produces roughly 2.5% of the global shrimp aquaculture (Shamsuzzaman et al., 2017)
and shrimp is the second largest export industry of the country. The country earned
about USD 494 million by exporting fish and shrimp during 2019-2020, more than 80%
of which was from the export of shrimp (DoF, 2021). Moreover, shrimp culture provides
employment, income and food security to the rural people in the coastal areas where
alternative livelihood options are very limited (Islam et al., 2016). More than 0.6 million
people including women are engaged either directly or indirectly in this sector (DOF,
2021). Historically, shrimp production in Bangladesh has been export-driven, though in
the recent past, the local consumer demands also expanded along with an increase in
per capita income (BBS, 2021). However, shrimp farming is also associated with a
number of persistent negative environmental and social impacts, which is very
worrisome to the further sustainable development of the sector. Several authors have

seriously questioned its continued viability (Troell et al., 2014; Naylor et al., 2021).
1.5. Switch to shrimp farming in coastal area

Bangladesh is characterized by a vast “coastal” area of 47,201 km?, which amounts to
32% of the country surface area and 19 administrative districts out of the total of 64
administrative districts for the whole country (Ahmed, 2019). Typically, three main
sectors of the coastal zone are distinguished; (1) the eastern zone; (2) the central zone
and (3) the western zone (Fig. 1.3). The western zone, which includes the Sundarbans,

is today the zone least disturbed and affected by human activity.

Over the last few decades, land use patterns in Bangladesh changed. Most important
has been the construction of 139 polders covering almost half the coastal zone (12000
km? out of 28000 km?). These were constructed along the coast to protect the coastal
lands from tidal flooding as well as increasing rice production (BBS, 2010). This involved
canalization and destruction of sediment-entrapping (mangrove) vegetation, and
resulted in land subsidence and increased salt intrusion. In response to the ensuing

water logging and salinization, many farmers have since switched from rice to export-
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oriented shrimp farming as an alternative livelihood strategy (Goswami and Ghosal,
2022). The rapid expansion of shrimp culture in the coastal folders encouraged shrimp
farmers to clear the mangroves for shrimp pond construction, thereby undermining the
broad ecosystem services (ES) provided by mangroves. This has resulted in a series of
cascading negative environmental and socio-economic consequences which could have
been avoided if attention had been given to the development of silvo-aquaculture, as
broadly practiced in south and south-east Asia (Bosma et al., 2020). Silvo-aquaculture
offers at least three advantages: (1) reduced conflict over mangrove deforestation and
shrimp culture; (2) option to manage shrimp and mangroves jointly and allowing space
for mangroves to continue fulfilling their broad ES (3) synergistic effects from
mangroves associated with shrimp culture to improve water quality and reinforce

shrimp production (Bosma et a., 2020; Ahmed et al., 2018; Islam et al., 2016).
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Fig. 1.3. Coastal zone of Bangladesh. (Source : Islam, 2010).
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1.6. Shrimp culture intensification and use of formulated feed

Unsustainable shrimp aquaculture remains a profitable aquaculture business (at least
on the short-term planning horizon) that continues to grow. In order to keep up with
the demand, many shrimp farmers have intensified their production (Biao and Kaijin,
2007). As a result, shrimp culture has not only destroyed the mangrove ecosystem in
some coastal countries but also expanded the use of expensive commercial feeds.
Commercial feed is not only a costly input for small-scale farmers but also often leads
to water pollution that increases shrimp vulnerability to disease (Islam and Bhuiyan,

2016; De Schryver et al., 2008; Tacon, 2002).
1.7. Mangroves as natural feed supplement for shrimp

The use of natural feed has been promoted as a way by which to minimize excess
application of formulated feed (Porchas-Cornejo et al., 2012) and mangrove leaf litter
has been identified as an inexpensive input stimulating in situ natural food production
for shrimp (Nga et al., 2006; Tran et al., 2005). The decomposition of mangrove leaf
litter enhances microbial activity and biofilm formation within decomposing leaf litter,
which is a nutritive natural food for shrimp post larvae (Gatune et al., 2014, 2012). Such
natural food can contribute up to 50-70% of the nutritional requirements of shrimp
(Martinez-Cordova and Enriquez-Ocana, 2007; Enriquez, 2003; Tacon, 2002).
Therefore, the introduction of mangrove in shrimp culture ponds might be a feasible,
accessible and affordable way by which to reduce the input of costly and polluting

pelleted feed.
1.8. Mangrove-shrimp co-management or Silvo-aquaculture

Silvo-aquaculture refers to the coupling of silviculture and shrimp culture and is a
production system whereby mangrove trees are associated to different degrees with
shrimp farming (Bosma et al., 2014). Integrating mangroves into shrimp culture in
principle should allow the maintenance of a relatively high level of ecosystem integrity

in the mangrove area while simultaneously allowing synergistic economic benefits to
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shrimp culture. In contrast to when mangroves are fully removed, when they are
properly integrated into the shrimp culture landscape they can help maintain healthy
nutrient fluxes through the landscape. Even in small amounts, when mangroves are
present in shrimp culture areas, they can still serve as a source of nutrient input mainly
in the form of leaf litter, and can also trap or take up both solid and dissolved nutrients.
Mangrove litter may also play an important role in the production of organic shrimp
which appeals to consumers for their higher quality (Paul and Vogl, 2012; Dhar et al.,
2019). Hence, integrated shrimp mangrove farming is often referred to as “organic”

aquaculture (Ahmed et al., 2018).

Some South-east Asian countries have introduced silvo-aquaculture as an eco-friendly
shrimp farming system, whereby mangrove stands produce a large and high-quality
litter input to aquatic systems (Nga et al., 2005). Silvo-aquaculture was first formally
reported for Indonesia and then followed by Vietnam, Malaysia, the Philippines and
Thailand (Primavera, 2000). Scholars from various countries already studied the role of
specific mangrove species in mangrove silvo-aquaculture, describing practices and

reporting benefits (Table 1.2 ).

In Vietnam, mangrove-based shrimp farming realized a net return three times higher
than the net return obtained by extensive traditional shrimp farming, thanks to the
higher shrimp yields and the larger-sized shrimp fetching a higher market price (Tran et
al.,, 2013). Besides aquaculture products, mangroves in silvo-aquaculture systems
provide timber and non-timber products (Debrot et al., 2020). A number of authors
have also reported on bioactive molecules (Premanathan et al., 1999) having anti-
diabetic (Revathi et al.,, 2014) and anti-viral activity (Bandaranayake, 2002, 1998;
Sudheer et al., 2011).

10
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1.9. Selection of mangrove species and an initiative for silvo-aquaculture in

Bangladesh

For a successful introduction of silvo-aquaculture, it is important to know and select
mangrove species which have a proven positive impact on shrimp production. By
experience, farmers largely know which species in their farming area are beneficial to
shrimp culture. Therefore, the farmers choice and their experience might be valuable
when it comes to selection of mangrove species. Rahman et al. (2020) analysed which
mangrove species the shrimp farmers in the Sundarbans area prefer to plant on their

shrimp pond dikes (Table 1.3).

Table 1.3
Ranking and percentage of preference of mangrove species among seven focused

group discussions (FGDs in Bangladesh (modified from Rahman et al., 2020).

Preferred Preference
The ranking by the seven FGDs * Total

species order

(Scientificname)| 1 2 3 4 5 6 7

S. apetala 6 3 7 6 5 3 6 36 |

S. caseolaris 3 3 4 4 2 3 3 22 I

A. officinalis 2 2 3 1 2 3 1 14 1}

N. fruticans 2 3 0 1 2 0 1 9 v

B. sexangula 1 1 0 0 1 1 2 6 Vv

H. fomes 0 2 1 0 1 1 1 6 VI

O. coarctata 1 0 0 1 2 1 0 5 Vi

* The higher the mark the higher the preference of the 7 FGDs. Values range between
0 (lowest preference) and 6 (highest preference).

Based on the local availability and farmers choice the farmers surveyed by Rahman et
al. (2020) preferred primarily S. apetala, S. caseolaris, A. officinalis and B. sexangula

mangrove trees around their ponds.

12
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1.10. Formulation of the problem statement and objectives

Research has shown that association of mangroves with shrimp farming may have
positive effects but also negative effects, for example by introducing anti-nutrients into
the culture system and thereby interfere with pond production (Bosma et al., 2020).
Anti-nutritional substances can interfere with food utilisation and health, reducing
pond production directly or indirectly through their metabolic products (Makkar, 1993).
Important among these are protease inhibitors, phytates, saponins, phenolic
compounds (gossypols, tannin), haemagglutinins, oligosaccharides and non-starch
polysaccharides, alkaloids, antivitamins, and phorbol esters (Francis et al., 2001).
Among the anti-nutritional compounds, tannins, saponins and phytates have been
identified as the most important (Francis et al., 2001). Higher contents of tannins,
saponins and phytates are harmful for both aquaculture and human consumption (Rout

et al., 2015).
1.10.1. Positive effect of leaf litter

Nutrients released from decaying leaves may affect the shrimp through the following

hypothetical path ways (Fig. 1.4):

e They supply nutrients (nitrogen and phosphorus) during decay, thus enhancing
algal production (Roijackers and Nga, 2002). Leaves also function as a direct
and indirect (the attached communities of algae, protozoa and micro-
organisms) food source for all kinds of aquatic animals, including shrimp (Nga

et al., 2006).

e Leaves may contain substrates or extracts which have prebiotic properties or
may contain probiotic bacteria with anti-pathogenic properties (Wichienchot

et al., 2011; Gonelimali et al., 2018).

e The leaves and crown of the mangrove tree influence shrimp performance by

creating shelter from sun irradiation and heat (Clough et al., 2002).

13
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1.10.2. Negative effect of leaf litter

For many plants, the anti-nutritional effects on aquaculture production has been
studied, but not yet for the mangrove leaf litter. The anti-nutrients leached from the

mangrove trees can impact the shrimp thorough the following pathways (Fig. 1.4):

e Tannin produces tannic acid which can be toxic to aquatic organism. Tannins
affect digestion by binding to proteins or minerals. They decrease the feed
intake, growth rate, feed efficiency and protein digestibility in experimental

animals (Gemede et al., 2014).

e Saponins present in high concentrations in leaves and fruits of plant species,
that leach into the aquatic environment affect food intake and the growth of

aquatic animals due to its bitterness (Hajra et al., 2013).

e Phytates leached into the in aquatic environment affect the mineral utilization
and reduce nutrient available from food. In addition, fish and shrimp do not

produce enzymes to break down phytates (Gemede et al., 2014).

’ Mangrove tree ‘

1 ‘
Nutrients Leaf litter ‘ Toxicant/ Anti-nutrients
- -
(CN,PKS...) (Tannin, Phytate, Saponin....)
. -lower digestion
Algal biomass, Food source
Periphyton/ Biofilm -reduced enzymatic activity
L
J, -lower growth

Prebiotics/probiotics Shrimps

Fig. 1.4. A schematic (Flow) diagram to show the possible pathways of contribution of

mangrove leaf litter to Shrimp.
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1.10.3. Objectives

This study explores the effect of how mangrove leaf litter on shrimp production in fed
and non-fed shrimp nursery systems. More specifically, the following research

questions are addressed:

(1) What are the nutrient and anti-nutrient contents in preselected mangrove species

and what is their impact on shrimp performance?

(2) What are the effects of leaf litter from single or mixed mangrove tree species and

supplemental feed on shrimp performance?

(3) Are the positive effects of leaf litter mixtures from different mangrove tree species

and supplemental feed similar in tanks and ponds?
(4) How does mangrove leaf litter affects shrimp quality criteria?
1.11. Outline of this thesis

This thesis comprises six chapters including the general introduction (Chapter 1) and
the general discussion (Chapter 6). The outline of the chapters is given in a schematic
diagram (Fig. 1.5). Chapter 2 analyses the nutrient and anti-nutrient content of four
selected mangrove species and their impact on shrimp post larvae performance during
a 4-week culture period. Subsequently, the effects on system performance of mangrove
leaf litter on juvenile shrimp production in pelleted feed fed juvenile shrimp rearing
systems was addressed in Chapter 3 for individual mangrove species and Chapter 4 for
a mix of mangrove species. In addition, differences between fed shrimp nursery
systems in tanks and ponds were explored in Chapter 4. In chapter 5, the effect of leaf
litter on shrimp colour and product quality appreciation by farmers, local consumers
and shrimp exporters was explored. Finally, in the General Discussion (Chapter 6), our
research results are against the present practices and insights into mangrove-shrimp

aquaculture systems.

15
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Chapter 1

General introduction

Chapter 2
Identification of nutrients and anti-nutrients in mangrove leaf litter and its impact on

shrimp post larvae performance (Objective 1)

Chapter 3
Synergistic effect of mangrove leaf litter and supplemental feed on shrimp post

larvae performance (Objective 2)

Chapter 4
Effect of mixed mangrove leaf litter (Objective 2) on shrimp performance and

differences in production between nursery tanks and mesocosm ponds (Objective 3)

Chapter 5

Effect of mangrove leaf litter on shrimp growth and color (objective 4)

Chapter 6

General discussion

Fig. 1.5. Schematic representation of the chapters of this thesis.
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Nutrients and anti-nutrients in leaf litter of four selected
mangrove species from the Sundarbans, Bangladesh and their
effect on shrimp (Penaeus monodon, Fabricius, 1798)

postlarvae

This chapter has been published as:

Alam, M.l,, Ahsan, M.N., Debrot, A.O., Verdegem, M.C.J., 2021. Nutrients and anti-
nutrients in leaf litter of four selected mangrove species from the Sundarbans,

Bangladesh and their effect on shrimp (Penaeus monodon, Fabricius, 1798) postlarvae.

Aquaculture 542, 736865 . https://doi.org/10.1016/j.aquaculture.2021.736865.




Chapter 2

Abstract

The release of nutrients and anti-nutrients from mangrove leaf litter plays an important
role in the biogeochemical cycling in aquatic environments and directly or indirectly
affects water quality and food availability to shrimp. In this study, we assessed nutrient
and anti-nutrient loss during decomposition of leaf litter at a concentration of 1 g L
for four mangrove species (Avicennia officinalis, Heritiera fomes, Sonneratia apetala, S.
caseolaris) to monitor water quality and to estimate how leaf litter influences shrimp
postlarvae (PL) growth and survival. There were significant differences (P < 0.05)
between the studied species in terms of mass loss of the leaf litter during the
investigation period. There were also significant differences (P < 0.05) between the
studied species in terms of loss of nutrients and anti-nutrients in the shrimp PL rearing
tank during the four-week experimental period. Decomposing mangrove leaves
stimulated availability of natural food for shrimp PLs. There was a strong positive
correlation between mass loss and PL production. At the concentrations of leaf litter
used, the anti-nutritional factors did not affect the PLs. PL survival with mangrove leaf
litter was 75-82%, whereas all the PL died without any leaf litter. PL weight gain ranged
from 0.83-3.33 mg d'! where S. apetala leaf litter resulted in the highest PL growth rate,
followed by A. officinalis, S. caseolaris and H. fomes, in that order (P < 0.05). Overall,
mangrove leaf litter had a positive effect on shrimp performance in terms of growth

and survival and this effect was highest for S. apetala leaf litter.
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Nutrients and anti-nutrients in mangrove leaf litter and their effect on shrimp PL

1. Introduction

Mangroves form a highly productive ecosystem, showing high primary and secondary
productivity in intertidal coastal regions of the tropics and subtropics (Nagarajan et al.,
2008). Mangrove roots and fallen leaf litter provide substrate for biofilm development
and nutrients in the water column and stimulate fish production (Hutchison et al., 2014;
Verweij et al., 2008; Nordhaus et al., 2006). Mangroves and aquaculture are not
necessarily incompatible though commercial shrimp farming is identified as the main
cause of mangrove loss (Hossain et al., 2001). Considering the ecological importance of
mangroves as well as the economic value of shrimp culture, mangrove-based shrimp
culture (silvo-aquaculture) is practiced in numerous countries, although not to the
extend needed to conserve or restore mangrove biotopes. The first reports on silvo-
aquaculture are from Indonesia (Schuster 1952 cited by Primavera, 1993), followed by
Vietnam, Malaysia, the Philippines and Thailand (Primavera, 2000). In aquatic
waterways the culture of seaweeds, molluscs (Rejeki et al., 2020) and fish in cages is
possible adjacent to or between mangroves (Primavera, 1993) while in intertidal
mangrove areas different types of silvo-aquaculture can be explored (Bosma et al.,
2014; Primavera et al., 2007; Primavera, 2000). The ultimate goal of silvo-aquaculture
is to increase the farmer’s income while improving environmental and economic
resilience. However, from an aquaculture perspective, integration of mangroves with
shrimp farming may either be detrimental or beneficial. As mangrove leaf litter is an
important influencer of shrimp productivity in silvo-aquaculture, its net effect on

shrimp production (either positive or negative) needs to be quantified.

Leaf litter input rate and composition affect water quality, survival and growth of
shrimp. Leaching of nutrients and organic matter from mangrove litter may have
positive effects on shrimp performance by supplying nutrients for algal production
(Roijackers and Nga, 2002), and by stimulating the food web in shrimp ponds (Gatune
et al., 2014; Nga et al., 2006; Hai and Yakupitiyage, 2005). On the other hand, leaf

leachates include anti-nutritional substances among which especially tannins, saponins
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and phytates, and may deteriorate the water quality (Francis et al., 2001). High
concentrations of these substances were found to have detrimental effects on shrimp
survival and growth by affecting digestibility and hampering mineral utilization
(Gemede and Ratta, 2014). Thus, analyses of the nutritional and anti-nutritional profiles
of leaves and their decomposition rates in situ are important in determining whether
particular mangrove species would be suitable for silvo-aquaculture. While a
considerable body of knowledge exists on leaf litter production and decomposition
rates in mangrove forests (Srisunont et al., 2017; Gladstone-Gallagher et al., 2014;
Kamruzzaman et al., 2012; Imgraben and Dittmann, 2008; Khan et al., 2007; Silva et al.,
2007; Bosire et al., 2005), little is known regarding the nutritional and anti-nutritional

composition of leaf litter and their potential impacts on aquaculture production.

Different mangrove species might well have different impacts on shrimp production.
Selection of the most suitable mangrove species is very important to the successful
introduction of shrimp-based silvo-aquaculture. For Bangladesh, Rahman et al. (2020)
identified 10 mangrove species potentially suitable for silvo-aquaculture. These were
Avicennia alba, A. officinalis, A. marina, Bruguiera sexangula, Kandelia candel,
Sonneratia apetala, S. caseolaris, Heritiera fomes, Aegialitis rotundifolia, and
Lumnitzera racemosa. Among these, A. officinalis, S. apetala, S. caseolaris and H. fomes
were selected for further analysis as these mangrove species are common in the
mangrove forests and easily grow on the dykes of shrimp farms in the coastal region of
the country. The local availability of propagules and seedlings, and farmer preference

identified by Rahman et al. (2020) also supported the selection process.

The objectives of this study were to: (a) compare the nutritional and anti-nutritional
contents of leaf litter from different mangrove species; (b) estimate the leaf litter mass
loss over time; (c) assess the impact of the leaf litter on the water quality; and (d)
measure and compare survival and growth of shrimp (Penaeus monodon, Fabricius,

1978) postlarvae (PL), in the presence or absence of mangrove leaf litter.
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2. Methodology
2.1. Experimental design

This experiment was split in two parts. In the first part, nutrients and anti-nutrients in
leaf litter of four selected mangrove species were analysed in the laboratory of Forestry
and Wood Technology (FWT) and the laboratory of Pharmacy, Khulna University. In the
second part, the impact of leaf litter on shrimp performances (in terms of survival and
growth) and water quality was measured in tank experiments. The latter were carried
out at a farm located in Debhata, Satkhira. The tank culture experiments took place
under a tent of transparent plastic to prevent the effects of rain water intrusion, while
providing ambient lighting. We used five treatments types, executed in triplicate in
tanks stocked with PLs; four treatments involved the introduction of the four species of
leaf litter while one treatment involved no leaf litter. We did not apply any formulated
or supplemental feed as we expected the PLs to feed on the natural food produced
based on decomposing leaf litter. A treatment without leaf litter served as control as
the natural water source used may have provided an otherwise undocumented and

uncontrolled source of nourishment.

Inthe tank experiment, shrimp were reared in fifteen fiber-enforced polyethylene tanks
with a water volume of 1000-L. Natural water from a nearby canal was stocked in a
pond and left to settle for one week. The top water layer from this pond was transferred
to the tanks through a screen with 25 um mesh-size net to keep predators and
eggs/larvae of predators out. Each tank was aerated using one air stone (diameter 2
cm) connected to an electric air blower (RESUN, LP-100). Mangrove leaf litter collected
from Sundarbans, Bangladesh (southern part) was directly added in the culture tanks
at a concentration of 1 g L. This loading rate was standardized following Hai and
Yakupitiyage (2005). On the same day, 100 specific pathogens free (SPF) shrimp
postlarvae (PL15; 0.01 g) obtained from a nearby hatchery (Desh Bangla Hatchery
Limited, Khulna, Bangladesh) were stocked in each tank. The survival and growth

experiment was conducted over four weeks.
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2.2. Collection of leaf litter and sample preparation

Mangrove leaves which became yellowish before falling down naturally, referred to as
“senescent” leaves, were collected. Leaves were collected by putting 30 litter traps
(2mx2m) beneath the selected mangrove species during winter (November, 2018-
January, 2019). At regular intervals, the fallen leaves were recovered from the traps

and separated according to the species.

The collected leaves were air dried at room temperature for 48 hours. The leaves from
each selected mangrove species were weighed (BH 300A, A & D Korea, Ltd.), mixed well
and divided into two equal parts; one part was transferred to the shrimp culture tanks
on the day of stocking the PLs, the other part was used for analysis of nutrients and

anti-nutrients.

To identify the dry matter (DM), five gram of mixed leaves were considered as a sample
and three samples (wet weight) of each species were dried in a vacuum drying oven
(Vacuum Oven, OV-11, Korea) at 80°C until a constant weight (Hossain et al., 2011).
This low drying temperature was used to minimize possible changes in leaf nutrient and
anti-nutrient composition. The average weight was recorded as DM and expressed as g
kg? wet weight. The sample for nutrient and anti-nutrient analysis was processed
according to Allen (1989). A high speed grinder (Kent 16003) was used to finely grind
the leaf sample. The powdered samples were packed into air-tight plastic bags and

stored in the refrigerator (4 °C) until further analysis.
2.3. Quantification of nutrients
2.3.1. Determination of organic matter (OM), ash and ash free calorific value (AFCV)

The organic matter (OM) and ash content was measured according to Allen (1989) using
a muffle furnace (Wise Therm Digital Muffle Furnace, FH-05) and the content was
expressed as % DM. The gross caloric value (GCV, MJ kg? DM) in leaf litter was
measured following the detailed protocol described by Fiori et al. (2015), using an

Automatic Isoperibol Bomb Calorimeter (Parr 6400 Calorimeter). The ash-free calorific
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value (AFCV) was calculated based on the properties of calorific value and ash content.

This was done using the equation described by Islam et al. (2019):
AFCV = GCV/ (1 — (Ash(g)/DM(g))).

The value is expressed as MJ kg* DM.

2.3.2. Determination of carbon, nitrogen and phosphorus

The total carbon content of the leaf samples was analysed directly by CHNS Elemental
Analyzer Flash 2000 (Thermo scientific, USA). For total nitrogen and total phosphorus
per mangrove species, leaf powder was acid-digested according to Allen (1989).
Nitrogen (N) and phosphorus (P) concentrations in the sample were measured
according to Weatherburm (1967) and Timothy et al. (1984), respectively, using an UV-
Visible Recording Spectrophotometer (Shimadzu UV-160A, Japan). The content of C, N
and P were expressed as % DM. The C: N ratio was calculated dividing total carbon by

total nitrogen content.
2.3.3. Determination of crude fibre content

The crude fibre content of the leaf samples was determined according to Cunniff
(1995). Powdered samples (1 g) were taken in a silica crucible and the extractives
content was removed first through Soxhlet extraction with petroleum ether. The
residue was digested with 1.25% H,SO4 and 1.25% NaOH solutions. The sample was
then dried at 130 °C for 2 hr and ignited at 600 °C for 30 min. Crude fibre content was

calculated by following formula:
Crude fibre (% DM) = (W1 — W,)/W X100

Where, W= Weight of sample, W1 = Weight of silica crucible with sample before

ignition, W, = Weight of silica crucible with sample after ignition;
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2.4. Quantification of Anti-nutrients
2.4.1. Determination of tannins

Tannin content in the samples was determined by the Folin-Denis method described by
Saxena et al. (2013) with minor modification of the method of Schanderi (1970).
Powdered samples (0.25 g) were extracted with 37.5 ml distilled water and heated in a
flask gently and boiled for 30 min. Each sample was centrifuged at 2000 rpm for 20 min
and the volume of the supernatant was brought up to 37.5 ml using distilled water in a
100 ml flask. An aliquot of 500 pl of the sample was treated with 1 ml of Folin-Denis
reagent followed by 2 ml of sodium carbonate and allowed to stand for color
development. The absorbance of the mixture was measured at 700 nm in a
spectrophotometer (T80 UV/VIS Spectrometer, PG Instruments). Tannic acid was used
as standard. The tannin content was calculated based on spectrophotometer readings
of sample concentrations and the standard (theoretical) concentration and expressed

as % DM.
2.4.2. Determination of saponins

Saponin content in the samples was determined following the method described by
Obadoni and Ochuko (2002). The powdered samples (ca.3 g) were dispersed in 30 ml
of 20% aqueous ethanol. The suspension was stirred for 12 hrs with constant stirring at
about 55 °C on a hotplate. The mixture was filtered (Whatman filter paper 1) and the
residue was re-extracted with another 30 ml of 20% aqueous ethanol. The combined
extracts (filtrates) were reduced to 15 ml over a water bath at 90 °C. The concentrated
sample extract was transferred into a 250 ml separating funnel and 10 ml of diethyl
ether was added and the sample was shaken vigorously. The aqueous layer was
recovered while the ether layer was discarded. The purification process was repeated
twice. To the combined aqueous sample, 20 ml of n-butanol was added. The combined
n-butanol extracts were washed twice with 10 ml of 5% aqueous NaCl. The remaining

solution was then heated in a water bath. After evaporation, the concentrated sample
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was dried in a drying bath to a constant weight and saponin content was calculated

according to the formula:

Saponin (%) =(W2-W1)/ W x 100
Where, W= Weight of sample, W;= Weight of evaporating disc, W,= Weight of disc +
Sample

2.4.3. Determination of phytates

Phytate content was determined by the method described by Rout et al. (2015) using a
minor modification of method of Wheeler and Ferrel (1971). A sample of 3 g was mixed
in 25 ml of 10% trichloroacetic acid (TCA) in a 125 ml flask and shaken with mechanical
shaker for 2 hrs. This sample then was centrifuged at 3000 rpm for 20 min. Ten (10) ml
of the supernatant was mixed with 4 ml of FeCls solution in a 50 ml centrifuge tube. The
resulting solution was then heated in a boiling water bath for 45 min. To make the
supernatant clear, one or two drops of 3% sodium sulphate in 10% TCA was added
under continued heating. The supernatant was then centrifuged for 10-15 min at 3000
rpm and finally the clear supernatant was discarded. The precipitate so obtained was
washed twice by dispersing it in 25 ml 10% TCA, after which it was heated again in
boiling water for 10 min and centrifuged after cooling to room temperature. The
precipitate was again dispersed in a few ml of water, followed by addition of 3 ml of 1.5
N NaOH, after which the volume was brought up to 30 ml with distilled water. After
heating in boiling water for 30 min, the solution was filtered (Whatman No 2 paper);
the precipitate was washed with 70 ml hot water and the filtrate was discarded. The
precipitate on the filter paper was then dissolved with 40 ml hot HNO3 (3.2 N) into a
100 ml volumetric flask. A 5 ml aliquot was taken and placed in a 100 ml volumetric
flask and then diluted to 70 ml with distilled water, after which 20 ml of 1.5 M
potassium thiocyanate (KSCN) was added. The pinkish-red colour obtained was
measured immediately (within 1 min) at 480 nm in a spectrophotometer (T80 UV/VIS
Spectrometer, PG Instruments) using Ferric nitrate as the standard. The phytate

content was calculated based on the spectrophotometer reading of sample
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concentration and standard (theoretical) concentration and expressed as percentage

(%) DM.

2.5. Water quality monitoring

Temperature, salinity, pH, and dissolved oxygen (DO) in each tank were measured daily
using, respectively, a Hanna digital thermometer, an Atago (Japan) hand refractometer,
a pH (Eutech, Singapore) meter, and a Lutron (Taiwan) DO meter. Total Ammonia
Nitrogen (TAN) and Nitrite-N (NO2-N) were measured weekly by the colorimetric
Nessler method, with color card and sliding comparator: Hl 3826 | TAN, HI 3873 | Nitrite

test; HANNA instruments.

Biochemical (biological) oxygen demand (BOD) was measured weekly (as BODs —i.e. a
5-day incubation). Water samples were collected from the tank at a depth of 10-30 cm
from the surface. Two BOD bottles (300 ml) for each replication of treatments were
filled carefully with sample water without allowing air bubbles. In one bottle, DO was
fixed following the Winkler method to measure initial DO while another bottle was left
to incubate for 5 days. Both samples were analyzed in the Khulna University water

quality laboratory following the method outlined in APHA (1998).

Chemical oxygen demand (COD) was measured bi-weekly. Samples were collected from
the middle of the tank at a depth of 10-30 cm from the surface water and transported
to the laboratory for analysis. The analysis was done following the open reflux (OR)

method outlined in APHA (1998).
2.6. Sampling and analysis of plankton

Phytoplankton and zooplankton samples were collected on day 1 and 28. Samples (15
L per sample) were collected 9.00-11.00 hr from three points in each tank and passed
through a 45 pm mesh plankton net and combined. The concentrated samples were
preserved in plastic bottles with 1ml of Lugol’s solution. The abundance estimations of
plankton (individual L'!) were done using a one milliliter Sedgewick-Rafter (S-R)

counting chamber. One ml sample was put in the S-R cell and left undisturbed for 15
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min to allow the plankton to settle. The plankton in 10 randomly selected cells were
counted using a compound microscope (Lx 400; magnification-4x-100x, USA) and
identified (where possible to genus level) using a 5.1M C-Mount CMOS Camera- Aptina
MT9P001 CMOS (Color). Plankton was identified using determination tables by Prescott
(1962), Edmondson (1982), Bellinger (1992) and Tomas (1997). Plankton abundance

was calculated using the following formula:

N = (PxCx100)/V.

Where, N = the number of plankton cells or units per liter of original water, P = the
number of plankton counted in 10 fields, C = the volume of final concentrate of the
sample (ml), V= the volume of the tank water sample in liter.

2.7. Assessment of shrimp larval performances

The growth and survival indices were calculated at the end of the four-week period
using the formulas described by Busacker et al. (1990). After harvesting, the shrimp PLs
were placed in tissue papers to remove excess water for accurate wet-weight
determination. Weight gain was calculated by deduction of initial weight from the final
weight. Weight gain per day was calculated from final weight gain divided by
experiment duration (days). The formulas for calculation of survival rate (SR) and

specific growth rate (SGR) were as follows:

SR (%) = N¢/Nix 100

SGR (% BW day?) = (In (BWs) — In (BW;) )/Dx 100

Where SR is the survival rate; N¢is the number of shrimp collected at final sampling
time; N; is the number of PLs stocked; SGR is specific growth rate (% BW day™); BWs is
the final body weight (g); BWi is the initial body weight (g); and D is the duration of the
experiment (days).

2.8. Calculation of leaf mass loss, nutrient and anti-nutrient loss and decomposition
rates

The leaf litter remaining in each tank at the end of the 4-week experiment was

collected. The samples were prepared and the nutrients and anti-nutrients in the leaf

residue also calculated as previously described. Mass loss was calculated on initial dry
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mass while the decomposition rate was calculated from mass loss divided by the
duration of the incubation. The loss of nutrients and anti-nutrients from the leaves over
a four-week incubation period was also calculated according to the mass loss during

the decomposition process. All the values were expressed as % DM.
2.9. Statistical analysis

All measured values were expressed as mean t* standard deviation (SD). One-way
ANOVA was conducted to compare the dependent variables for the four types of
mangrove species. A comparison of growth rates between tanks with the mangrove
litter and control tank without mangrove litter was not possible because all shrimp in
the control tank died prematurely. For the significant differences, a post-hoc Tukey HSD
test was used to determine pair-wise differences (P < 0.05). Correlations among the
different variables were assessed using Pearson’s correlation coefficient. Linear
regression among selected variables were also done. Analyses were conducted using

IBM SPSS statistical software (Version 26).
3.Results
3.1. Nutrients and anti-nutrients in leaf litter, decomposition and mass loss

The nutrients and anti-nutrients in leaf litter of four mangrove species (H. fomes, A.
officinalis, S. caseolaris and S. apetala) were identified for both senescent leaves (Table
2.1) and the leaf litter residue after four weeks in the shrimp PL rearing tanks (Table
2.2). The loss of nutrients and anti-nutrients through mass loss was also calculated
during the incubation of leaf litter over a four week period in the shrimp PL rearing

tanks (Table 2.3).

No significant differences (P > 0.05) between freshly fallen senescent leaves of
mangrove species were found for ash free caloric value (MJ kg™t DM), tannin or phytate
content (% DM) but there were significant differences (P < 0.05) among the species in
terms of crude fiber, ash, organic matter (OM), carbon (C), nitrogen (N), phosphorus (P)

and saponin content (% DM) (Table 2.1).
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There were also significant (P < 0.01) differences between species in terms of C:N ratios.
The highest C:N ratio was found in H. fomes (36) followed by S. apetala (22), A.
officinalis (22) and S. caseolaris (16) (Table 2.1). However, for the decomposed leaf litter
residues, there were significant differences (P < 0.05) among the species for all types of
nutrients and anti-nutrients, except phytate (Table 2.2). Heritiera fomes leaf litter was
the highest in crude fibre (33% DM), OM (96% DM), C (48% DM), tannin (1.8% DM) and
saponin (1.6% DM) content, whereas S. apetala was lowest for all those parameters
except for tannin. Among the other species, S. caseolaris was the highest in N content
(2.8% DM), A. officinalis was lowest in P (.01% DM) and saponin (1.2% DM) content, the

latter being similar to saponin contents in S. caseolaris and S. apetala (Table 2.1).

There were also significant differences (P < 0.001) in decomposition rate among the
species after four-week incubation in the shrimp rearing tanks (Table 2.3). The highest
decomposition rates (1.8% DM d) were found for S. apetala and the lowest were for
H. fomes. Accordingly, the highest percentages of OM (57%), C (57%), N (58%), P (73%)
and tannin (64%) losses occurred from S. apetala leaves. Heritiera fomes leaves showed
the lowest loss in percentages. For S. apetala, degraded leaves had the lowest OM
(77%), C (38%) and P (0.01%) content. Heritiera fomes had the highest OM (96%), C
(48%), P (0.02%), tannin (1.64%) and saponin (1.29%) content. Avicennia officinalis was
found to be higher in decomposition rate and mass loss than S. caseolaris. As a result,
A. officinalis was found with higher nutrient and anti-nutrient loss than S. caseolaris

except for saponin.
3.2. Impact of leaf litter decomposition on water quality

No differences (P > 0.05) in water quality parameters were found between the tanks
treated with the different mangrove species except for temperature, BOD and

phytoplankton concentration (Table 2.4).
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The temperature of tank water ranged from 27.9-28.0 °C where the temperature in the
tank waters incubated with S. apetala was slightly but significantly different (P < 0.001)
from the other three species of mangrove leaf litter. The highest BOD was measured in
the tanks with S. apetala leaves (2.41 mg L) and the lowest was measured in tanks
with H. fomes litter (1.98 mg L?). The BOD in the tanks with H. fomes litter was lower
(P <0.001) than for the other mangrove species. There were also significant differences
(P < 0.001) in phytoplankton concentrations between tanks treated with different
mangrove species. The highest concentration of phytoplankton was found with S.
apetala (9.2 cells ml't) and the lowest number with H. fomes (2.50 cells mI2). In general,
tank waters with H. fomes had lower concentrations for leachates, except for TAN. The
highest pH was measured in the tanks with S. apetala leaves (7.94) and the lowest was
measured in tanks with H. fomes litter (7.87). DO levels also showed no significant
differences (P > 0.05) between tanks incubated with the different leaf litter species. The
COD was the highest in tanks with A. officinalis (49 mg L?) and the lowest with H. fomes
(40 mg L) but no significant difference could be demonstrated (P > 0.05). The TAN
concentrations were higher in tanks with H. fomes litter (0.13 ppm) but lower for those
with S. apetala (0.1 ppm). For neither TAN nor NO>-N concentrations were there
significant differences (P > 0.05) in concentration among the mangrove species. There
were also no significant differences in zooplankton concentrations between the

different mangrove treatments (P > 0.05).

3.3. Impact of decomposing leaf litter on PL survival, weight gain and specific growth

rate (SGR)

The survival rate in the tanks with leaf litter ranged between 75% and 82% (Fig. 2.1a)
and did not differ significantly between mangrove leaf treatments (P > 0.05). In
contrast, the shrimp PL in the control treatment without any leaf litter started to die on

day 3 and on day 8 all the shrimp PL had died (Fig. 2.1b).
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Fig. 2.1. (a-d): Impact of leaf litter of four selected mangrove species on shrimp
performances: (a) Survival rate (%) of Shrimp PL with four types of leaf litter, (b)
Survival rate (%) decreased with time (day 01 to day 08) in the control (without any
leaf litter), (c) Weight gain (mg d'?) of shrimp PL with four types of leaf litter, (d) SGR
(%BW d) of shrimp PL with four types of leaf litter; Values are means (+ SD) of
three replicate tanks per treatment. Different letters above data points indicate

significant differences.

The growth rates of shrimp PL did differ significantly (P < 0.05) depending on the
mangrove species used in the tanks. The average daily growth rate was highest for the
larvae incubated with S. apetala leaf litter and the lowest for those incubated with H.
fomes litter (Fig. 2.1c). The SGR was highest for larvae reared with S. apetala (10.6) leaf

litter and lowest in larvae reared with H. fomes (6.2) (Fig. 1d) (P < 0.05). This concurred
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with the highest final shrimp size reached in S. apetala tanks and lowest in H. fomes

tanks.

Significant correlations (P < 0.05) were identified between different pairs of variables.
We found a negative correlation between crude fiber content and decomposition rate
of leaf litter, and positive correlations between decomposition rate of leaf litter and
BOD, mass loss of leaf litter and phytoplankton concentration, and PL weight gain and

phytoplankton concentration (Fig. 2.2).
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Fig. 2.2. (a-d): Linear regression of (a) Crude fiber content in leaf litter and decomposition
rate, (b) Decomposition rate and biological oxygen demand, (c) Mass loss of leaf litter and

phytoplankton concentration, (d) Phytoplankton concentration and PL weight gain.
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4, Discussion

4.1. Decomposition, mass loss and biochemical changes (nutrient and anti-nutrient

composition) in leaf litter

In this study we found differences in the biochemical composition of freshly fallen leaf
litter of different mangrove species (Table 2.1). Mangrove leaves vary in their organic
and inorganic constituents according to species, age, season and physical or
morphological characteristics of the leaves (Hossain et al., 2011; Basak et al., 1998,
1996; Tam et al., 1998). The leaves of the mangroves species studied differed in their
tendencies to lose mass and release biochemical components during decomposition
(Table 2.3). Rajendran and Kathiresan (2000) previously studied biochemical changes in
decomposing leaves of two mangrove species, Rhizophora apiculata and Avicennia
marina, and found that different rates of leaf decomposition between species led to
different rates of mass loss of the decomposing leaves. This was in part due to the rapid
leaching of water-soluble organic and inorganic substances during the initial stages of
the decomposition process (Hossain et al., 2009; Ashton et al., 1999) and to microbial
breakdown (Hossain et al., 2014). We observed lower mass loss for H. fomes among the
four studied species. Hossain et al. (2014) observed the similar tendency of mass loss
for H. fomes in comparison to three other mangrove species Excoecaria agallocha,
Ceriops decandraand and Xylocarpus mekongensis from the Sundarbans. The variation
in crude fibre contents (% DM) might be a determinant of variation in decomposition
rate. In our study, the crude fibre content was highest in H. fomes (33%) and lowest for
S. apetala (18%), and negatively correlated (Fig. 2.2a) to the decomposition rate of the
different species of mangrove litter, as also previously reported by Du et al. (2020) and

Ibrahima et al. (2008).

4.2. Impact of dry matter, carbon, nitrogen and phosphorous loss from mangrove leaf

litter on water quality and shrimp performance

Mangrove leaf litter is an important source of organic matter in tropical and subtropical

aquatic environments, supporting the microbial-based food web and providing natural
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food to PLs (Gatune et al., 2014; Nga et al., 2006). Considering the efficiency (30-36%)
of microbial conversion of the portion of mangrove leaves lost to decomposition, it
appears that a significant percentages of mangrove detritus is relatively rapidly
assimilated into microbial biomass and thus potentially available to the aquatic food
web (Benner et al., 1986). Mangrove litter releases nutrients and supports periphytic
biofilm growth, a good food source for PLs (Gatune et al., 2012). In our study, the
mangrove species with higher decomposition rates contributed more nutrients through
mass loss in the shrimp culture tank (Table 2.3). Faster weight loss by the leaves meant
that more organic and inorganic compounds became available for microbiota
development (Wetzel, 1995), resulting in better PL growth, and illustrated by the
positive correlation between leaf litter mass loss and PL weight gain (Fig. 2.2c). The
results clearly showed that the mangrove litter supplied to the tanks served as a needed
food source for the PL. Decomposing mangrove leaf litter stimulates natural food
production (Rejeki et al., 2019; Nga et al., 2006). Natural food can contribute up to 50-
70% of nutritional requirements of shrimp held in culture ponds (Martinez-Cordova and
Enriquez-Ocana, 2007; Enriquez, 2003; Tacon, 2002). Thus the natural food produced
from decomposed leaf litter helped the PLs to survive and gain weight. It cannot be
excluded that the difference in survival rate between treatment with leaf litter and the
controls without leaf litter could have partially been due to the leaf litter serving as

shelter and reducing cannibalism (Hai and Yakupitiyage, 2005)

We found no significant differences (P > 0.05) in water quality parameters between the
types of leaf litter, except for biological oxygen demand (BOD mg L') and algal biomass
(cells mI'). A higher BOD indicated more decomposition and conversion of litter into
phytoplankton as shown by significant correlations between leaf litter mass loss and
phytoplankton concentration, and between PL weight gain and phytoplankton
concentration (Fig 2.2 (b-d)). In our study large quantities of leaf litter were available in
comparison to the PL biomass, supporting PL production, while the water quality
remained good. Clearly, in cases with much higher litter stocking densities or lower

levels of aeration, the PLs could just as well have experienced detrimental conditions,
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leading to higher mortality by sudden depletion of DO (Rejeki et al., 2019; Nga et al.,
2006; Hai and Yakupitiyage, 2005). Hence, while our results show a positive effect of
mangrove litter, the outcome of leaf litter addition is situation-specific, so the results
cannot be generalized. In our experiment, aeration kept the water volume in rearing
tanks aerobic. The PLs prefer a well oxygenated environment, which is found in
estuaries. The shallow water in estuaries ensure increase of DO concentration in water
through constant wave action (Bozkurt and Kabdasli, 2013). An estuary on a mangrove
coast provides a lot of food, substrate and protection to young penaeids (Vance et al.,
1990; Zimmerman and Minello, 1984). In our results, higher BOD and algal biomass,
were found in tanks treated with S. apetala litter followed by A. officinalis, S. caseolaris
and H. fomes. This differences might be due to the quality of organic matter in the water
as influenced by decomposition of leaf litter, as indicated by the BOD:COD ratio (Rojas-
Tirado et al., 2017). There was a strong positive correlation (P < 0.01; r=0.820) between
OM and BOD. As the water quality was not affected by mangrove species, no significant

difference in survival rate of the shrimp was observed.

One limitation of our experiments is that the duration (4 weeks) was short, allowing
only limited time to develop any potential negative effects of organic matter
decomposition. Sustainable accumulation and decomposition of organic matter might
lead to a decline of water quality, cause stress, reduce growth and increase the
susceptibility to disease and mortality of fish and shrimp (Jackson et al., 2003).
Therefore, additional studies are needed to look at the longer-term effects of
prolonged accumulation of organic load so as to develop insight into how to benefit
from mangrove leaf decomposition without experiencing its potentially negative
effects at higher leaf densities and for longer periods of exposure. Considering the
positive effect of Sonneratia apetala leaf litter, it is recommended to perform a leaf

litter dose-response follow-up experiment for this mangrove species.
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4.3. Impact of tannin, saponin and phytate from mangrove leaf litter on water quality

and shrimp performance

Along with nutrients, tannin, phytate and saponin were released in the shrimp PL
rearing tank through decomposition of the leaves. Fitzgerald (1999) reported that
higher concentrations of tannin might be toxic to shrimp in silvo-aquaculture systems.
Hai and Yakupitiyage (2005) identified higher amounts of tannin (ranged 8.2-28.7 mg L
1) in the water column leached from leaves of R. apiculata, A. officinalis, Excoecaria
agallocha and Acacia auriculiformis in shrimp experimental tanks and their effects on
shrimp growth and survival depending on the loading rate of leaves and leaf
concentrations of tannin. However, some researchers also stated that anti-nutrients
sometimes act as non-nutritive compounds with positive effects. For instance, Sudheer
et al. (2011) found the mangrove species Ceriops tagal to be effective against white
spot syndrome virus (WSSV) disease of shrimp. Thus, the resistance properties of
tannins to microbial degradation and their anti-bacterial, antiviral, antifungal activity
(Krzyzowska et al., 2017) might be interesting topics for further research. As we found
considerable concentrations of tannin in leaf litter of all four species in comparison to
other nutrients (N, P) and anti-nutrients (phytate, saponin) it might also be interesting
to have a challenge test to study how tannin help protect against shrimp diseases.
Though anti-nutrients have been found to impact the water quality and shrimp
performance in other studies (Rejeki et al., 2019), we found no significant impact based
on the (lower) litter densities used, the time frame of the growth experiment and the

level of aeration used in our study.

Other work also suggests that phytate affect PL performance by affecting the mineral
utilization and reducing enzymatic activities in postlarvae (Gemede and Ratta, 2014).
On the other hand, phytate sometimes plays a positive role by supplying available P
through breakdown of phytate-P (Kumar et al., 2012). Though termed anti-nutrients,
saponins also sometimes play a positive role (Freeland et al., 1985). Saponins increase

digestibility of carbohydrate-rich food because of their detergent-like activity by
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reducing viscosity and preventing obstruction of movement of digesta in fish intestines
(Hajra et al., 2013) and possible also for shrimp PLs. Our results show a positive
correlation (P > 0.05; r=0.016) between phytates and weight gain. This suggests but
does not prove a causal relationship. The correlation (P > 0.05; r = -0.086 (survival), r=-
0.319 (weight gain)) between saponin and shrimp performances (survival and weight
gain) was negative but insignificant. As a result, there was no mentionable negative

impact of phytate and saponin contents on the shrimp performances.

Considering the overall impact of nutrients and anti-nutrients of mangrove leaf litter
on shrimp PL performance in this study, it appears that the leaf litter of selected

mangrove species can be of use to enhance shrimp survival and growth performances.

5. Conclusions and recommendations

There is an urgent need to develop more sustainable and ecologically and socio-
economically resilient approaches to food production. This is particularly the case for
vulnerable tropical muddy coastlines where mangrove vegetation has been cleared in
the past for large-scale shrimp pond culture. A case in point are the Sundarbans-
associated muddy mangrove coasts of Bangladesh, the country that has worldwide
been shown to be most vulnerable to climate change risks (World Bank, 2018). In this
study we demonstrate positive effects of different species of mangrove leaves on water
quality, shrimp growth and survival rate under controlled conditions at a concentration
of 1 g (fresh leaves) L™ . Sonneratia apetala was found to perform better in terms of
nutrients return to the aquatic environment through mass loss during decomposition
and gave the most positive effect on shrimp growth rate. Heritiera fomes showed
positive effects on survival but (compared to control tanks without mangroves) but
growth was the lowest of all four species tested. Avicennia officinalis and S. caseolaris
showed similar and intermediate growth performance of shrimp PL. Finally, to
introduce silvo-aquaculture using the studied species we recommend further research

on:
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1. How to optimize growth performance by combining supplementary feeding
with leaf litter addition;
2. The performances of PL using mixed mangrove species leaf litter;

3. The effect of mangrove litter in ponds as compared to tanks.
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Abstract

Shrimp based mangrove-aquaculture (silvo-aquaculture) is practiced in many countries
of the world and leaf litter of different mangrove tree species is a potential nutrient
source in these systems. The present study evaluated the effects of mangrove leaf litter
from four mangrove species (Sonneratia apetala, S. caseolaris, Avicennia officinalis and
Heritiera fomes) on the production of juvenile shrimp (Penaeus monodon) with and
without supplemental feed. Fifteen-day-old postlarvae (PL;s) with an average weight of
0.01g were reared in 1100 L fibre-reinforced polyethylene tanks containing 1000L of 10
ppt saline water and a water depth of 0.9 m. Leaf litter with or without supplemental
feed was applied to the tanks according to a 4x2 factorial design. The PLs were stocked
at a density of 100 per tank and the experiment was conducted for 4 weeks without
any exchange of water. Both mangrove species and feed application affected shrimp
performance and water quality parameters except dissolved oxygen (DO), chemical
oxygen demand (COD) and zoo-plankton concentration. The average survival rate of
juvenile shrimp ranged from 86-94% in the treatments with both leaf litter and feed,
from 75-82% in the treatments with only leaf litter and 88% in the treatment with only
feed. However, 100% mortality was observed in the treatment without any leaf litter
or supplemental feed. Combined, leaf litter and feed resulted in 21 to 33% higher
weight gain of shrimp PL than based on the combined contributions of leaf litter only
or feed only, indicating synergism. Among the different mangrove species, S. apetala
(23.1%) contributed the highest to total weight gain followed by A. officinalis (21.6%),
S. caseolaris (21.6%) and H. fomes (10%). The lower feed conversion ratio (FCR) (0.18-
0.27) in the treatments combining leaf litter and supplemental feed as compared to the
feed-only treatment (0.41) indicated that leaf litter (directly or by stimulating natural
food production) contributed to supplemental feeding. The growth of phytoplankton
also appeared to contribute in low FCR as evidenced by a positive correlation (P < 0.001,
r=0.681**) between phytoplankton concentration and shrimp weight gain. The
synergistic effect between leaf litter and supplemental feed can help the farmer to
minimize the shrimp production cost by lowering the feed input and enhancing

mangrove three coverage on pond dikes as an inexpensive source of natural food.
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1. Introduction

Mangroves are highly productive ecosystems in terms of primary and secondary
productivity in the coastal waterbodies of the tropics and subtropics. Mangrove roots
and fallen leaf litter provide substrate for biofilm production, and provide nutrients to
the water column which stimulate productivity (Gatune et al., 2014, 2012; Reef et al.,
2010; Verweij et al., 2008; Nordhaus et al., 2006). The leaves of mangrove trees enter
the detritus pathway and substantially contribute to aquatic food webs supporting
fisheries production (Hutchison et al., 2014). However, for leaves to contribute to
productivity, the litter needs to go through various decomposition steps (Hutchison et
al., 2014) that starts with the leaching of soluble compounds accompanied by microbial
decomposition. The entire process is accelerated by shredders like crabs and other
animals that feed directly on leaf litter, making it more accessible to adjacent fish
communities (Kamruzzaman et al.,, 2019). Because mangroves support aquatic
production, mangrove-based aquaculture systems, alternatively termed silvo-
aquaculture have been developed in many Asian countries such as the Philippines (Aypa
and Bagonguis, 2000), Indonesia (Sukardjo, 2000), Vietnam (Binh et al., 1997; Johnston
et al., 2000), Thailand (Tanan and Tansutapanich, 2000), Myanmar (Win, 2000) and
Malaysia (Sze and Ahmad, 2000). As aquaculture is considered as one of the main
causes of the destruction of mangroves, silvo-aquaculture systems represent a more
integrated approach to pond culture and may simultaneously help to conserve
mangrove resources and enhance economic benefits to coastal communities where
aquaculture is important (Fitzgerald, 2000). Different systems of silvo-aquaculture are
practiced (Bosma et al., 2014; Primavera et al., 2007; Primavera, 2000). Most silvo-
aquaculture systems are extensive, mainly relying on natural food produced from fallen
mangrove leaves (Rejeki et al., 2020, 2019; Nga et al., 2006; Nga and Roijackers, 2002).
In contrast, formulated feed is the most energy demanding and costly input used to
enhance shrimp production. However, apart from being too costly for small-scale
farmers, use of formulated feed has been associated with water pollution due to excess

use of feed (Islam and Bhuiyan, 2016; De Schryver et al., 2008; Tacon, 2002). Some
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strategies have been evaluated worldwide to minimize the problem, one of which is the
promotion and contribution of natural food (Porchas-Cornejo et al., 2010). Mangrove
leaf litter is a natural food for shrimp (Gatune et al., 2014, 2012; Nga et al., 2006; Hai
and Yakupitiyage, 2005). In addition, litter can function as a shelter against predation
(Nga et al., 2006, Hai and Yakupitiyage, 2005). Therefore, the combination of natural
food and formulated feed should have a positive effect on all the production
parameters of shrimp as observed by Porchas-Cornejo et al. (2012). The combined
effect, or synergy can be identified by measuring the individual and combined effects
of leaf litter and formulated feed. A positive synergistic effect, if any, would make
shrimp aquaculture more productive in an environmentally friendly way. Such synergy
could also help to align interests of farmers and mangrove restoration, and could be an
effective way to minimize the conflicts between shrimp culture and mangrove loss
(Ahmed et al., 2017; Bosma et al., 2014; Primavera, 2000). While there are potential
benefits of mangrove leaf litter there are also potential detrimental effects, including
the release of anti-nutrients from the leaves during decomposition, decreased oxygen
levels and increased Biological oxygen demand (BOD), Chemical oxygen demand (COD)
and nitrite and total ammonium nitrogen (TAN) concentrations (Nga et al., 2006; Hai
and Yakupitiyage, 2005; Nga and Roijackers, 2002). However, the positive and negative
effects of mangrove leaf litter, as well as any synergistic effects, might differ depending

on the species of mangrove.

Considering the above, the present research investigated the effect of leaf litter from
different mangrove species and formulated feed on shrimp production and water
quality.

2. Methodology

2.1. Experimental design

The experiments were carried out at a farm located in Debhata, Satkhira, on the

northern rim of the Sundarbans mangrove area in Bangladesh. They took place under
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ambient conditions, with rearing tanks covered with a transparent plastic roofing that
allowed avoidance of large fluctuations in salinity due to heavy rain, while still
maintaining the natural diurnal variation in light incidence. The experiment was set up
according to a 4x2 factorial design with mangrove tree species (Avecennia officinalis,
Sonneratia apetala, S. caseolaris and Heritiera fomes) as source of leaf litter serving as
the first factor and food (with or without formulated feed) as the second factor (Table
3.1). In addition, there were two control treatments, one receiving only formulated
feed and another receiving neither feed nor leaf litter. All treatments were executed in
triplicate. The eight leaf litter treatments were analysed as a factorial experiment. The
two additional treatments, were used to explore synergy between formulated feed and
leaf litter addition as well as to assess the effect of mangrove leaf litter on shrimp

performance.
Table 3.1

Design of experiment with treatment type.

Tanks with mangrove leaves

Feeding type Mangrove species
S. apetala S. caseolaris A. officinalis H. fomes
Feed Sa-F Sc-F Ao-F Hf-F
No Feed Sa-nF Sc-nF Ao-nF Hf-nF

Tanks without mangrove leaves

F

nF

Sa-F=S. apetala leaf litter and feed, Sc-F=S. caseolaris leaf litter and feed, Ao-F=A.
officinalis leaf litter and feed, Hf-F= H. fomes leaf litter and feed, Sa-nF=S. apetala leaf
litter and no feed, Sc-nF=S. caseolaris leaf litter and no feed, Ao-nF=A. officinalis leaf

litter and no feed, Hf-nF= H. fomes leaf litter and no feed F= Feed only, nF= no feed;

47




Chapter 3

The shrimp were reared in 1100 L fibre-reinforced polyethylene tanks containing 1000
L of brackish water (salinity of 10 ppt) with a water depth of 0.9 m. Brackish water
collected from a nearby canal was stocked in a pond and left to settle for one week.
The top layer of water from this pond was transferred to the experimental tanks
through a screen with 25 um mesh size net to keep predators and their eggs and larvae
out. Each tank was aerated using a single air stone (diameter 2 cm) connected to an air
blower (RESUN, LP-100). Mangrove leaf litter was directly added in the culture tanks
at a concentration of 1g L™ (wet weight). This loading rate was standardized following
Hai and Yakupitiyage (2005). On the same day, 100 specific pathogens free (SPF) shrimp
postlarvae (PL) of 15 days old with an average weight of 0.01 g obtained from Desh
Bangla Shrimp Hatchery, Batiaghata, Khulna, were stocked at a rate of 1 PL /10 L of
water in each tank. The experiment assessing growth and survival was conducted over
a four-week period and the water was not exchanged during the experiment. The

survival and growth indices were calculated only at the end of the experiment.
2.2. Selection of mangrove species and collection of leaf litter

Selection of mangrove species was done following Rahman et al. (2020). Senescent
leaves that fell down naturally, after changing color from greenish to yellowish, were
collected from the selected mangrove species in the Sundarbans mangrove forest. The
traps were 2 by 2 m, and installed beneath the selected mangrove species during winter
(November 2018-January, 2019). At regular intervals, the fallen leaves were recovered
from the traps, separated by species and prepared for use in the experiment. The
decomposition rates (% day?) of the selected mangrove species (A. officinalis= 1.6; S.
apetala=1.8; S. caseolaris= 1.4; H. fomes= 0.8) as identified by Alam et al. (2021a), were

expected to affect shrimp growth in fed and non-fed systems.
2.3. Feeding the shrimp PL and calculation of FCR

Shrimp growth was monitored weekly in the control treatment that received only feed
at 5% body weight per day, and these data were used to adjust the feeding rate for all

treatments. Feed “Titas Tiger” from Bismillah Feed Mills Limited, Mollahat, Bagerhat,
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with 12% of moisture, 36% of protein, 10% of lipid, 7% of fibre, 18% of ash, 1.9% of
calcium and 1.7% of phosphorus, was fed once daily at 5% BW d. After harvest, FCR

was calculated as the total feed given divided by total shrimp biomass gain.

2.4. Water quality monitoring

Temperature, salinity, pH, and dissolved oxygen (DO) in each tank were measured daily
using, respectively, a Hanna (Taiwan) digital thermometer, an Atago (Japan) hand
refractometer, a (Eutech) pH meter (Singapore), and a Lutron (Taiwan) DO meter. Total
Ammonia Nitrogen (TAN) and Nitrite-N (NO,-N) were measured weekly by the
colorimetric Nessler method, with color card and sliding comparator: HI 3826 | TAN, HI

3873 | Nitrite test; HANNA instruments.

Biological oxygen demand (BODs) was measured weekly. For this, two water samples
were collected from each tank at a depth of 10-30 cm from the surface in 300 ml BOD
bottles without collecting air bubbles. In one bottle, DO was fixed following the Winkler
procedure to measure initial DO while other bottle was set to incubate for 5 days. Both
sample types were analyzed at the Khulna University water quality laboratory. The

BODs was calculated by following the method outlined in APHA (1998).

Chemical oxygen demand (COD) was measured bi-weekly. Samples were collected from
the middle of the tank at a depth of 10-30 cm from the water surface. The analysis was
done following the Open Reflux (OR) method outlined in APHA (1998) at Khulna

University.
2.5. Sampling and analysis of plankton

Phytoplankton and zooplankton samples were collected on day 1 and 28. Samples (15
L per sample) were collected at 9.00-11.00 hr from 3 points in each tank and passed
through a 45 um mesh plankton net and combined. The concentrated samples were
preserved in plastic bottles with 1ml of Lugol’s solution. The abundance estimations of
plankton (individual. L™?) were done using a 1 ml Sedgewick-Rafter (S-R) counting

chamber. One ml of sample was poured into the S-R cell and left undisturbed for 15
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min to allow the plankton to settle. The plankton in 10 randomly selected cells were
then counted using a compound microscope (Lx 400; magnification-4x-100x, USA) and
identified (where possible to genus level) using 5.1M C-Mount CMOS Camera- Aptina
MT9P001 CMOS (Color). Plankton were identified using keys by Prescott (1962),
Edmondson (1982), Bellinger (1992) and Tomas (1997). Plankton abundance was

calculated using the following formula:
N=(PxCx100)/V.

Where, N = the number of plankton organisms per liter, P = the number of plankton
counted in 10 fields, C = the volume of concentrated sample (ml) and V= the volume (in

L) of water in the sample.

2.6. Assessment of shrimp postlarvae performances:

Growth and survival indices were calculated at the end of the four-week period using
the formula described by Busacker et al. (1990). After harvesting the shrimp juveniles
were counted, placed on tissue paper to remove excess water and bulk weighed to
calculate the average weight at harvest. Weight gain was calculated by deduction of
initial weight from the final weight. Daily weight gain was calculated from final weight
gain divided by the number of culture days. The formulae for calculation of feed

conversion rate (FCR), survival rate (SR) and specific growth rate (SGR) were:

Feedtot

FCR(gg 1) =
(gg™) WGror
SR (%) = N¢/Nix 100

In (BWf)—In (BWi)

SGR (% BW day!) = =

x 100

where Feedro (g) is the total amount of feed; WGrot (g) is the total weight gain between
stocking and harvesting; N¢is the number of juvenile shrimp collected at final harvest;
Ni is the number of PLs stocked; BWrt is the final average body weight (g); BWi; is the

initial average body weight (g); and D is the duration of the experiment (day).
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2.7. Calculation of synergy between feed and leaf litter

The calculation of individual and synergistic contributions of leaf litter and feed was
done based on total weight gain in shrimp juveniles. The calculation was done as

follows:

Total weight gain with leaf litter (g)

Contribution of leaf litter (%)= x 100

Total weight gain with leaf litter and feed(g)

Total weight gain with feed (g) % 100

. . o) —
Contribution of feed (A)) Total weight gain with leaf litter and feed (g)

Synergistic effect (%) = 100 - (contribution of leaf litter + contribution of feed).

2.8. Statistical analysis

The data were analysed using the IBM SPSS statistical software package version 26.
One-way ANOVA was conducted to compare the synergistic effects of feed and
mangrove leaf litter between the four mangrove species used. A factorial analysis was
carried out, with the main factors feed and mangrove leaf litter species and the
sampling date as a repeated measure factor using the general linear model (GLM). For
the significant differences, a post-hoc Tukey HSD test was used to determine pair-wise
differences (P < 0.05). Correlations among the different variables were assessed using
Pearson’s correlation coefficients. Principal component analysis (PCA) was performed
using PRIMER 6, to help assess the relationships between environmental parameters
based on a reduced number of composite variables. These composite variables are
assumed to explain the covariation among the environmental parameters. The first
principal component is a linear combination of the environmental parameters which
explains as much as possible of the variation between samples. The second principal
component, explains as much possible of the remaining variation, and so on. The
different principal components are independent, unitless and normalized with a mean
equal to 0 and a variance equal to 1. The meaning of each component was interpreted
based on the relative size and sign of the coefficients of the regressions indicating the

importance of each variable. The effect of the environmental parameters on PL
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performance (weight gain and survival) was analyzed with distance based linear models

(DistLM) in the PRIMER 6 package.

3. Results:

The experimental results showed the significance of leaf litter of mangrove species as
source of natural food for the shrimp PL. A positive effect of both mangrove species (P
< 0.05) and feed (P < 0.001) was observed for survival rate, but there was no interaction
effect (P > 0.05) between the two factors. The survival rate ranged from 76-94% where
the highest survival rate was observed for Sa-F and the lowest was for Sc-nF (Fig. 3.1a).
Though there was a higher survival (85-94%) for leaf litter and supplemental feed
combined, there was also good survival (75-81%) in the treatments with only leaf litter
(Fig. 3.1a). In the treatment with feed only, the survival was 88% but in the treatment
without leaf litter or feed all the shrimp died before day 8. For individual weight gain
and SGR, there was a significant interaction between mangrove species and feed (P <
0.001). Among the treatments, the highest (0.37 g) average individual body weight gain
was recorded in treatment Sa-F and the lowest (0.03gm) in treatment Hf-nF (Fig. 3.1b).
The same was observed for SGR (Fig. 3.1c). The average individual weight gain in the
treatment with feed only was 0.17 g. When looking at FCR, Sa-F showed the best
performances of all treatments (Fig 3.1d). The highest FCR (0.41) was found for the
treatment with formulated feed only whereas the lowest (0.18) was found for
treatment Sa-F.

The total weight gain based on feed only was 15.3 g and the total weight gain based on
leaf litter ranged from 2.4 to0 8.2 g (P < 0.05; Table 3.2). The contribution of leaf litter to
total weight gain ranged between 10 and 23%. The contribution of feed ranged
between 43 and 64%. Combined, leaf litter and feed resulted in 21 to 33% higher weight
gain than based on the combined contribution of leaf litter alone or feed alone. Among
the different mangrove species, Sa contributed most to total weight gain, Hf the least

while Sc and Ao at intermediate level (Table 3.2).
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(a) P values: M5=0.032, F =0.001 and MS=F=0.606 (b) P values: M5=0.034, F =0.000 and MSxF=0.001
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Fig. 3.1. (a-d): The performance of shrimp PL in different treatments with four types
of mangrove leaf litter with and without supplemental feed: (a) Survival (%) (b)
individual weight (g) at harvest, (c) Specific growth rate (SGR; % BW d!) and (d) Feed
conversion ratio (FCR) in fed treatments, Letter above bars in graphs indicate
statisitical differences between leaf litter types (main factor) ( P < 0.05). The
abbreviation to express P values used as MS for mangorve species, F for feed and MS

x S as interaction term.

Significant main effects were observed for all the water quality parameters except DO,
COD and zooplankton concentration (Table 3.3). A significant interaction (P < 0.05)
between mangrove species and feed was found for BODs, while all water quality
parameters, except DO, changed over time (P < 0.05). The average pH in different
treatments ranged from 7.87-7.93 and differed significantly (P < 0.01) between
mangrove species. The lowest pH was observed in the feed only treatment (Table 3.3).
The pH in different treatments was affected (P < 0.01) by mangrove species but not by

feeding (P > 0.05). The pH decreased over time in all treatments (P < 0.001) (Table 3.3).
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Table 3.2

Contribution of leaf and feed in individual weight gain during nursery from PLis to

juvenile shrimp for 04-week.

Considered factors Mangrove species P-
value
Sa Sc Ao Hf
Total weight gain with leaf 354+ 26.7 = 282 + 236+ | *¥**
and feed (g) 0.89¢ 1.91% 0.96° 0.98°
Total weight gain with leaf 8.2+ 58+ 6.1+ 24+ roAx
litter only (g) 0.21¢ 0.58° 0.32° 0.10?
Total weight gain with feed 15.3+1.28 n.a.
only (g)
Contribution of leaf litter (%) 23.1¢+ 216+ 216+ 10+ *kx
to weight gain 0.56° 1.78° 1.88° 0.752
Contribution of feed (%) to 431+ 57.1% 54.1+ 64.8+ | **
weight gain 3.332 2.92b¢ 3.16° 5.36¢
338+ 213+ 242 251+ | *
Synergistic effect (%) 3.81° 1.342 2.612b 5.84%°

Presented values are the mean £ SD. Small letter on the superscript indicate significant
differences, according to Tukey HSD test (P<0.05). P value is expressed as a symbol (P <
0.001: ***, P<0.01: **; P<0.05: *;).

For BODs, there were effects of mangrove species and feed (P < 0.05) as well as their
interaction (P < 0.001). Among mangrove species, the highest BODs (2.54 mg L) was
observed for Sa and the lowest (1.92 mg L?) for Hf (Table 3.3). Overall, the BODs
increased with time (P < 0.001), and different mangrove species affected the BODs

differently (MS x T, P < 0.001), while this was not the case with feeding (F x T, P > 0.05).

Feeding did influence the TAN concentration (P < 0.01), whereas mangrove species did
not (P >0.05). The TAN concentration increased over time (P < 0.001), and the increase

was more with feed than without feed (FxT, P < 0.05) (Table 3.3).
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NO,-N concentrations (P < 0.05) increased faster with feeding than without feeding
(FXT, P < 0.05). In our experiments the concentrations never rose above 1 mg L%, never
reaching toxic levels. Among the mangrove species, Sa and Ao as source of leaf litter

resulted in higher NO,-N concentrations than Sc and Hf (P > 0.05) (Table 3.3).

The three most abundant phytoplankton species were Cladophora nitellopsis,
Closterium tumidium and Pediastrum tetras. The variation in zooplankton were less and
the most abundant species was Acartia tonsa. The factors mangrove leaf litter and
feeding both affected the phytoplankton concentration (P < 0.05). The highest
phytoplankton concentrations were observed with Sa leaf litter (23.3 inds. ml!) and the
lowest with Hf leaf litter (9.2 inds. mlt). Phytoplankton concentrations increased over
time, with both leaf litter and feeding causing a faster increase in phytoplankton

concentration at the end of the experiment (MS x T and Fx T; P < 0.001).

Principal component analysis - Euclidian distances

Water quality
4 Feed
5
v 0
Hf
o1
Hf
Hf
o~ Hf
4 v
g 0 e T
v Scse
Tempera®mme
21
4'_-I ! ! ]
r T T 1
-4 2 2 4

Fig. 3.2. Principal components analysis (PCA) of environmental parameters based on
Euclidian distances. PC1 and PC2 = principal component axis 1 and 2, showing effects
of Feed (5% bw d! feed; no feed) and Mangrove Species leaf litter (Sa, Sonneratia

apetala; Ao, Avicennia officinalis; Sc, Sonneratia casiolaris; Hf, Heritiera fomes).
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Pearson correlation analysis among different parameters showed that the majority of
variables were correlated (Table 3.4), the nature of which was further analyzed with

principal component analysis.

Principal component analysis showed that environmental parameters (Fig. 3.2, Table
3.5) were influenced by both the factors ‘feeding’ and ‘mangrove leaf litter species’.
Leaf litter from different mangrove species and feed both provided nutrients which led
to a higher density of phytoplankton, and higher BODs in the water column (PC1, Table
3.5). The latter correlated with plankton density causing turbidity and reduced sunlight
incidence and hence also reduced water temperature. Differences between mangrove
species were responsible for 77% of the variation among treatments for PC1, with Sa
and Ao leaf litter resulting in higher phytoplankton concentrations. Feeding and leaf
litter input reduced the dissolved oxygen concentration while they increased the TAN
concentration in the water column (PC2, Fig. 3.2, Table 3.5), although the average
concentration stayed below 0.25 mg TAN L? (Table 3). The results also show that the
effect of feed addition was intermediate between leaf litter addition and leaf litter

combined with feed.

Environmental parameters individually accounting for more than 40% of the variation
in shrimp performance were phytoplankton abundance, TAN and NO; concentrations
and temperature (DistLM). Combined, environmental parameters explained 89% of the

total variation seen in shrimp performance in terms of average weight gain and survival.
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Table 3.5

ANOVA of principal components 1 and 2 for factors Feed and Mangrove Species and

multi comparisons (Tukey test).

Principal component PC1 PC2

Temperature -0.321 0.167
pH 0.198 0.176
Dissolved oxygen 0.024 0.679
BODs 0.501 0.184
cob 0.284 0.089
Total ammonia N (TAN) 0.277 -0.502
Nitrite (NO2) 0.334 -0.091
Phytoplankton 0.438 -0.199
Zooplankton 0.381 0.373

Interpretation

Higher plankton
biomass contributing to
turbidity and biological

Increased oxygen
consumption and TAN
release due to nutrient

oxygen demand inputs

ANOVA model significance ok oA

r? 0.89 0.85

Variance source Sign. %SS Sign. %SS
Mangrove species ok 77.0 oA 22.2
Feed Ak 11.2 * 68.4

Mean multi-comparisons by Feeding
Feed a b
No feed b a
Mean multi-comparisons by Mangrove Species

Sonneratia apetala (Sa) a ab
Avicennia officinalis (Ao) b a
Sonneratia caseolaris (Sc) C ab
Heritiera fomes (Hf) d b
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4, Discussions

4.1 Synergistic effect of mangrove leaf litter and supplemental feed on shrimp

performance

In all treatment combinations of our experiments, survival was above 75%, with on
average a 10% higher survival observed in fed treatments (Fig. 3.1a). Using the same
concentration (1 g L'!) of mangrove (Rhizophora apiculata and Avicennia officinalis) leaf
litter and 10% BWd* supplemental feed, Hai and Yakupitiyage (2005) observed 80%
survival. The high survival (75-81%) of PL with only leaf litter in our experiments
demonstrates that litter directly or indirectly via the food web contributes to the
nutrition of the shrimp during their nursery period. Decomposing mangrove leaf litter
releases nutrients supporting natural food production (Nga et al., 2006) and microbial
biofilm development which in turn is of nutritive value to penaeid shrimp postlarvae
(Gatune et al.,2014, 2012). We observed 10-23% contributions by only leaf litter to
weight gain, whereby the effect of various mangrove species differed (P < 0.001) (Table
3.2). The differences in decomposition rate of organic matter among the species might
be the cause of differences in the contributions of leaf litter to weight gain. Mangrove
leaf litter with a higher decomposition rate results in more decomposing organic matter
or detritus in the system (Alam et al., 2021a). In turn, from this detritus more nutrients
are released for algae production (Fazi and Rossi, 2000) which serves as a direct or
indirect source of food to heterotrophs (Verweij et al., 2008; Nordhaus et al., 2006;
Roijackers and Nga, 2002). Alam et al. (2021a) identified that S. apetala (Sa) leaf litter
had the highest decomposition rate from among the mangrove species and contributed
to the highest shrimp weight gain, as was also found in this experiment. As a
consequence, Sa leaf litter in combination with supplemental feed led to more
phytoplankton and more synergy. Zooplankton, phytoplankton and bacteria are natural
foods for shrimp PL and juveniles (Porchas-Cornejo et al., 2012) that contribute up to
50-70% of the nutritional requirements of shrimp (Martinez-Cordova and Enriquez-

Ocana, 2007; Enriquez, 2003; Tacon, 2002). Phytoplankton has been found to be
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nourishing and even vital to shrimp nutrition during the postlarvae stages (Thong,
2017). Not surprisingly, in our experiment, there was a significant positive correlation
between phytoplankton concentration and shrimp production (Table 4). The provision
of 1g L! leaf litter combined with 5% BWd supplemental feed in this experiment led
to better shrimp growth than in an experiment with R. apiculata, A. officinalis and
Excoecaria agallocha leaf litter and 10% BWd™ supplemental feed conducted by Hai
and Yakupitiyage (2005). It should be mentioned, however, that an empirical
comparison in this regard is difficult as environmental conditions in both experiments
were different.

Commercially-formulated feed was clearly a more complete nutrient source for the PL
than mangrove leaf litter and a higher growth was realized based on feed than based
on leaf litter (Table 3.2). However, when combined, mangrove leaf litter and
supplemental feed resulted in a higher growth rate than expected presumably because
of the cumulative effects of leaf litter and feed (Table 3.2). This resulted in a lower FCR
in the treatment with leaf litter and feed than the treatment with only feed. Martinez-
Cordova et al. (2011) similarly identified that utilization of natural food contributes to
the lowering of FCR in shrimp culture. We also found that, in the treatments with leaf
litter, lower FCRs were observed in those treatments where more plankton was
present.

When feed is applied in excess, it can be detrimental to shrimp production performance
by deteriorating water quality (Chainark and Boyd, 2010; Pandit and Nakamura, 2010).
However, in our study, in all treatments the water quality stayed within the safe limits
though both leaf litter and feeding affected water quality during the four-week period
of our experiments and the effects became most pronounced towards the end of the
experiment.

4.2 Effect on water quality and PL performance

A dissolved oxygen level lower than 2 mg L reduces the growth rates of P. vannamei
(Seidman and Lawrence, 1985). Allan and Maguire (1991) estimated the lethal level (96

h LCso) of DO for juvenile P. monodon is 0.9 mg L. The DO level in our study was similar
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between treatments for survival and growth. With a similar concentration of mangrove
leaf litter Hai and Yakupitiyage (2005) observed that DO levels ranged from 4.9-5.0 mg
L'! with an aeration regime whereas Nga et al. (2006) observed DO levels to decrease
(4.0-0 mg L'Y) and mangrove leaf litter leachate concentrations (0-10 g L) to increase
over time. In our study, all the tanks were aerated, so the outcome of this experiment

is relevant to well-managed pond settings with sufficient oxygen.

Leaf litter application affects pH and is in turn affected by mangrove species (Marschner
and Noble, 2000; Deano and Robinson, 1985). In our study, the pH differences between
treatments were small but significant (P < 0.05). The positive correlation between pH
and BODs and the slightly higher pH observed in treatments with leaf litter suggest that
differences in decomposition rates of the different species of leaf litter caused the
observed differences in pH as found previously by Alam et al. (2021a). The pH values
observed in our study were within the optimum range (7.5-9.0) for shrimp production

(FAO, 1986) and, therefore had little influence on PL performances.

Decomposition of mangrove leaf litter or feed led to significantly differing levels of BOD
in the tanks. Decomposition of organic matter not only enhances the microbial loads
(Little et al., 2008) but facilitates biofilm development on the decomposing leaf litter
(Gatune et al.,2014; 2012). In our study, the BODs was higher in the treatments with
leaf litter than in those with supplemental feed only. We found a positive correlation
(r=.795"; P > 0.05) between the BODs and phytoplankton abundance which in turn
also positively correlated (r=.681""; P > 0.01) with shrimp performance (Table 3.5). The
mangrove species Sa with the higher BODs concurred with the highest observed shrimp
growth while Hf had the lowest BODs and resulted in the lowest growth performance.
The differences in decomposition rates of different mangrove species caused the
differences in BODs among the treatments (Alam et al., 2021a). Previously, Alam et al.
(2021a) found that the BODs and decomposition rate of leaf litter were positively
correlated while another work shows that this depends on how refractive the leaves

are to biological breakdown (Rojas-Tirado et al.,2017). The higher the BOD, the more
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rapidly oxygen will be depleted (Banrie, 2012) which might cause stress in non-aerated
system (Boyd, 2018). The BODs levels observed in our study were below 25 mg L?, as

recommended by Kasnir et al. (2014).

Both leaf litter and feed are a source of nitrite (NO,-N) and total ammonium nitrogen
(TAN) (Dutra and Ballester, 2017). The amount of fed nitrogen (N) that is not retained
in animal weight gain increases the TAN and NO-N concentrations in the water column
(Hari et al., 2004). The latter is an intermediate product resulting from microbial
nitrification and denitrification (Wickins, 1976). In our study, the positive correlation
between pH and BODs suggests that more biodegradable organic matter (OM i.e., BOD)
in the water column concurred with a (slightly) higher pH. More TAN correlated with a
lower pH and more biodegradable OM (BOD) in the water column as well as with lower
nitrite concentrations (Table 3.4). We interpret this as being indicative of better
conditions for nitrification and denitrification. Chen and Lei (1990) identified the safe
value of TAN and NO>-N for P. monodon juvenile to be 3.7 mg L* and 3.8 mg L
respectively, whereas Banrie (2012) advised to maintain concentrations of nitrite and

ammonia below 1 mg L' and 0.5 mg L, respectively, as was the case in our study.
5. Conclusions and recommendations

The present study showed that, when feed and leaf litter are combined, extra growth
and survival can be realized by the synergistic effect between leaf litter and feed. Of
the four mangrove species tested, S. apetala appeared to be the best, followed by A.
officinalis and S. caseolaris. The least effective mangrove species was H. fomes. Our
results also show how the use of a mangrove species may help increase shrimp pond
productivity by providing valuable food input into the pond. Thus, we think that
planting mangroves along the margins of shrimp ponds not only serve as an inexpensive
source of food but that their presence will provide a higher pond productivity and lower
FCR than in fed ponds with no mangrove trees in or adjacent to the pond. However,
additional research questions need to be addressed to justify changes in customary

practice of coastal shrimp farming in favour of silvo-aquaculture including: (i) what
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maximum leaf litter concentrations are possible before a high oxygen demand will
negatively impact shrimp yields? (ii) what are the long-term impacts of leaf litter on
water quality and shrimp performance both under mesocosm conditions and in large
culture ponds? Answering these questions will provide practical guidelines for

mangrove based silvo-aquaculture to farmers.
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Abstract

Mangrove leaf litter is a potential source of nutrients for shrimp postlarvae. To
introduce mangrove trees in shrimp farms it is necessary to identify the combination of
trees which is most beneficial for shrimp. The present study evaluated the effects of
mixed leaf litter of four mangrove species (Avicennia officinalis (Ao), Sonneratia apetala
(Sa), S. caseolaris (Sc) and Heritiera fomes (Hf) on shrimp postlarvae performance and
water and soil quality. Leaf litter with and without supplemental feed was applied to
shrimp culture tanks according to a 4 x 2 factorial design and followed by testing a
subset of treatments in mesocosm pond conditions. Shrimp postlarvae of 15-days old
(PL1s) with an average weight of 0.01 g were used for both experiments, each with a 4-
week duration without water exchange. Under controlled conditions in the tanks, leaf
litter and feed resulted in 22 to 32 % higher weight gain of PL shrimp than combined
weight gain realized when receiving only leaf litter or only feed, indicating synergism.
Based on this, the pond experiment was designed with combined application of leaf
litter and feed. The pond experiment resulted in higher shrimp weight gain than
realized in the tanks. In tanks, the highest average individual weight gain of PL was
observed for the leaf litter mixture SaAoHf (0.23 g) followed by SaScHf (0.21 g), ScAoHf
(0.21 g) and SaScAoHf (0.20 g). Paralleling the results of the tank experiment, SaAoHf
leaf litter also gave the highest average individual weight gain (1.2 g) of PL shrimp in
the ponds but other leaf litter treatments followed by SaScAoHf (0.95 g), ScAoHf (0.84
g) and SaScHf (0.69 g) leaf litter. The different mixtures of mangrove leaf litter also
resulted in significant differences in biological oxygen demand (BODs), phytoplankton
and zooplankton concentrations in pond water and organic carbon in soil. Both
phytoplankton  (P<0.01, Pearson correlationr=0.910) and zooplankton
(P<0.05, r=0.535) abundance was positively correlated to shrimp weight gain. The
low feed conversion ratio (FCR) in the treatments combining leaf litter and
supplemental feed as compared to treatments using only feed indicated extra food
benefits for shrimp PL from decomposing leaf litter. Overall, mixed mangrove leaf litter
had a positive effect on shrimp performance and this effect was highest for SaAoHf leaf

litter.
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1. Introduction

Aquaculture is the world’s fastest-growing food sector with an annual growth rate of
5.3% during the past two decades (FAO, 2020). Crustacean aquaculture is dominated
by shrimp species. They are typically farmed in coastal areas of tropical and subtropical
countries (Viet Nguyen et al., 2020) and are an important source of foreign-exchange
earnings for a number of developing countries in Asia and Latin America (He et al.,
2021). Despite economic benefits, shrimp farming has been under intense criticism
because of various negative impacts on ecosystems, biodiversity and society (Naylor et
al., 2021; Ahmed et al., 2018; Troell et al., 2014; Bush et al., 2010). Many authors have
argued against coastal aquaculture including shrimp farming in recent years by pointing
out it’s typically devastating effects on mangrove forests in a number of countries,
including Bangladesh, Brazil, China, India, Indonesia, Malaysia, Mexico, Myanmar, Sri
Lanka, the Philippines, Thailand, and Vietnam (UNEP, 2014; FAO, 2007; Hossain et al.,
2001). In response, much effort has been devoted to developing mangrove friendly
silvo-aquaculture systems in the above-mentioned countries (Bosma et al., 2016;
Primavera, 2000).

Mangrove ecosystems are dynamic and highly productive and rich in floral and faunal
diversity (Mahmood et al., 2021; Nagarajan et al., 2008). Mangroves provide feeding,
resting and breeding grounds, as well as shelter, for many aquatic organisms and supply
organic matter to coastal fish populations (Mahmood et al., 2021; Athithan and
Ramadhas, 2000). In the mangrove ecosystem, the prime nutrients are provided by
adjacent river and surface run-off from land. Additional nutrients are also brought in
with tidal water from adjacent estuaries. The influx of nutrients stimulates both
mangrove and algal growth. Mangrove trees take up nutrients, and release part of
these nutrient through the roots and senescent leaves falling from the trees,
contributing to internal nutrient cycling within the mangrove forest (Srisunont et al.,
2017; Reef et al.,, 2010). Mangrove leaf litter is one of the main components
contributing to the nutrient flux through the water bodies in the mangrove area

(Kamruzzaman et al., 2019). Mangrove roots and fallen leaf litter also provide substrate
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for biofilm development and release nutrients in the water column supporting fish
production (Gatune et al., 2014, 2012; Hutchison et al., 2014; Verweij et al., 2008;
Nordhaus et al., 2006).

Next to supporting production, multi-dimensional ecosystem services provided by
mangrove include climate regulation, biodiversity conservation, coastal protection,
timber production, tourism, fuel, medicine, etc. (UNEP, 2014; Nagaranjan et al., 2008;
FAO, 2007). Even though mangroves are known to provide a multitude of provisional,
regulating, supporting and cultural services, it remains necessary to demonstrate
convincing incentives to shrimp farmers before they will be motivated to actually
incorporate mangroves into their shrimp culture system and change to economically
and ecologically more-resilient mangrove-based silvo-aquaculture or silvo-fisheries.
The main idea behind the latter culture systems is to enhance aquatic production while

also enhancing the broader potential benefits provided by mangroves.

Mangroves and aquaculture have been found to be compatible (Rejeki et al., 2019;
Bosma et al.,, 2016; Hai and Yakupitiyage, 2005). However, not all mangrove tree
species have positive impacts on aquaculture production under all conditions. Firstly,
leaf litter in some mangrove species contains anti-nutrients such as tannins which can
negatively impact shrimp performances (Rejeki et al., 2019; Hai and Yakupitiyage,
2005). On the other hand, many tree species have positive impacts on shrimp
performance and aquaculture-based livelihoods (Rahman et al., 2020). Alam et al.
(20214, 2021b) identified the nutrients and anti-nutrients in four mangrove species and
tested their effect on shrimp postlarvae performance. Nutritional and anti-nutritional
content of leaf litter differed markedly between mangrove species. However, these
experiments were done in tanks, where the influx from different mangrove species was
controlled. To mimic the environmental conditions in a mangrove ecosystem, where
numerous mangrove species co-exist, all shedding leaves, we here conducted
experiments to examine the effect of mixtures of leaf litter from different mangrove
species on shrimp performance in outdoor ponds. The two main research questions

asked were: (i) what happens to shrimp production if mixtures of mangrove leaf litter
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from different tree species are supplied? and (ii) can the results obtained from indoor
tank experiments be replicated in outdoor pond experiments for the production of

juvenile shrimp with mixed mangrove leaf litter?

To answer these questions, two experiments were conducted. An indoor tank
experiment under controlled conditions using a factorial design and considering
mangrove species and supplemental feed as the main factors. Using insights derived
from the tank experiment, we subsequently designed experiments to test the effects

of selected combinations of mangrove litter and feed under pond conditions.
2. Methodology
2.1. Experimental design

For the tank experiment, the rearing tanks were under a transparent plastic tarpaulin
roof to control against large fluctuations in salinity due to heavy rain, while still
maintaining the natural diurnal variation in light incidence. The experiment was set up
according to a 4x2 factorial design with different combinations of mangrove leaf litter
serving as the first factor and the presence or absence of formulated feed serving as
the second factor (Table 4.1). In addition, there was one control treatment with only
formulated feed. All treatments were executed in triplicate. The control treatment was

used to explore for potential synergy between formulated feed and leaf litter addition.

Brackish water collected from a nearby canal was stocked in a pond and left to settle
for one week. The top water layer from this pond was transferred to the experimental
tanks, passing it through a 25 um mesh screen to remove possibly present predators or
their eggs or larvae. The shrimp rearing tanks were 1100-L fibre-reinforced
polyethylene tanks containing 1000 L of brackish water with a salinity of 10 ppt and a
water depth of 0.9 m. Each tank was aerated with a 2-cm diameter air stone connected
to an air blower (RESUN, LP-100). Mangrove leaf litter was mixed at equal percentages
for each species and directly added in the culture tanks at a concentration of 1 g L™

(wet weight). This loading rate was standardized following Hai and Yakupitiyage (2005).

69




Chapter 4

On the same day, 100 specific pathogens free (SPF), 15-days old shrimp postlarvae (PL
15) were stocked at a rate of 1 PL/10 L of water in each tank. The postlarvae of an
average weight of 0.01 g were obtained from Desh Bangla Shrimp Hatchery, Batiaghata,
Khulna. The experiment assessing growth and survival was conducted over a four-week
period in dry season (January-April, 2020). The water was not exchanged during the
experiment. The survival and growth indices were calculated after harvest at the end
of the experiment. The tank experiments showed the great importance of adding feed.
Therefore, the pond experiment only included fed treatments, hence feed was no
longer a factor for comparison (Table 4.1). In the pond experiment, the concentration
of leaf litter was adjusted to apply leaf litter according to natural falling rates as
observed in the Sundarbans mangrove forest. The falling rate and amount of leaf litter
was calculated based on Kamruzzaman et al. (2019), taking into account the water
surface area of our experimental ponds. The experiment was carried out in fifteen 21-
m? ponds. Including the dike, the surface area of each pond was 30 m2. All the ponds
were fenced with bamboo sticks and 1-cm mesh, 1.5 m heigh nets to avoid nuisance
animals like cattle, goats, dogs and frogs. Brackish water from a nearby river was
transferred to the ponds through a 25 um mesh size screen to keep out predators and
their eggs and larvae. The final depth of water in the ponds was 1.2 m. Mangrove leaf
litter (wet weight) was directly added in the pond every day to mimic natural mangrove
litter fall. Equal proportions of mangrove leaf litter from each species were mixed and
71.5 g leaf litter (wet weight) was added to each pond directly during 28 consecutive
days. On day 1, 1000 specific pathogens free (SPF), 0.01 g shrimp postlarvae (PL;s)
obtained from the Desh Bangla Shrimp Hatchery, were stocked in each pond. The
experiment was run for a four-week period in dry season (January-April, 2020) without

any exchange of water.
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Table 4.1

Design and treatments applied in the tank and pond experiment.

Experiment in tanks

Tanks with mangrove leaves

Feeding type Mangrove species

SaAoHf SaScHf ScAoHf SaScAoHf
Feed (F) SaAoHf-F SaScHf-F ScAoHf-F SaScAoHf-F
No Feed (nF) SaAoHf-nF | SaScHf-nF | ScAoHf-nF SaScAoHf-nF

Tanks without mangrove leaves

Formulated feed only (F)

Experiment in ponds

Treatments T1 T2 T3 T4 T5

Feeding composition SaAoHf-F SaScHf-F ScAoHf-F SaScAoHf-F F

SaAoHf = Sonneratia apetala, Avicennia officinalis , Heritiera fomes leaf litter; SaScHf =
Sonneratia apetala, S. caseolaris, Heritiera fomes leaf litter; ScAoHf = Sonneratia
caseolaris, Avicennia officinalis, Heritiera fomes leaf litter; SaScAoHf = Sonneratia

apetala, S. caseolaris, Avicennia officinalis , Heritiera fomes leaf litter;

2.2. Selection of mangrove species, collection of leaf litter and sample preparation

Selection of mangrove species was done following Alam et al. (2021a, 2021b) and
Rahman et al. (2020). Senescent leaves that fell down naturally, after changing color
from greenish to yellowish, were collected from the selected mangrove species from
the Sundarbans mangrove forest. The traps were 2 by 2 m, and installed beneath
selected mangrove species during winter (November 2019-January, 2020). At regular

intervals, the fallen leaves were recovered from the traps, separated by species and

71



Chapter 4

prepared for use in the experiments. Our leaf litter was collected from traps at the

identical place where Kamruzzaman et al. (2019) had their litter traps.
2.3. Soil sample analysis

Soil samples were collected from each newly excavated pond before filling and after
harvesting. Soil pH was determined electrochemically with the glass electrode pH
meter maintaining the ratio of soil to water at 1:2.5, following Jackson (1962). Soil redox
potential (Eh) was determined following Rowell (1981). Total organic carbon (TOC) was
determined following Walkley and Black’s wet oxidation method as outlined by Jackson
(1962). Total phosphorus (P) was analysed by the vanadomolybdophosphoric yellow
color method as described by Jackson (1973). Total nitrogen (N) was determined by the
Kjeldahl digestion+ Alkali distillation method as described by Michatowski et al. (2013).

2.4. Feeding the shrimp PL and calculation of FCR

Shrimp growth was monitored weekly in the control treatment that received feed at
5% body weight per day. Each week, five shrimp PLs were taken randomly from the
control treatment tanks or mesocosms and weighed to determine the feeding rate for
all fed treatments. The feed used was “Titas Tiger” from Bismillah Feed Mills Limited,
Mollahat, Bagerhat, with a content of 12% moisture, 36% protein, 10% lipid, 7% fibre,
18% ash, 1.9% calcium and 1.7% phosphorus. This was fed to the shrimp once daily.
After harvest, FCR was calculated as the total feed given divided by total shrimp

biomass gain.

2.5. Water quality monitoring

Temperature, salinity, pH, and dissolved oxygen (DO) in each tank and pond were
measured daily, shortly after sunrise using, respectively, a Hanna digital thermometer,
an Atago (Japan) hand refractometer, a pH (Eutech, Singapore) meter, and a Lutron
(Taiwan) DO meter. Total Ammonia Nitrogen (TAN) and Nitrite-N (NO>-N) were
measured weekly by the colorimetric Nessler method, with color card and sliding

comparator: Hl 3826 | TAN, HI 3873 | Nitrite test; HANNA instruments.
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Biochemical (biological) oxygen demand (BOD) was measured weekly (as BODs —i.e. a
5-day incubation) at the Khulna University water quality laboratory following APHA
(1998). Water samples were collected from the tanks and ponds at a depth of 10-30 cm
below the surface. Two BOD bottles (300 ml) from each tank and pond were filled
carefully with sample water without allowing air bubbles to form. In one bottle, DO was
fixed following the Winkler method to measure initial DO while another bottle was left

to incubate for 5 days.

Chemical oxygen demand (COD) was measured bi-weekly. Samples were collected from
the middle of the tank or pond at a depth of 10-30 cm below the surface and
transported to the laboratory for analysis. The analysis was done following the open

reflux (OR) method outlined in APHA (1998).
2.6. Sampling and analysis of plankton

Phytoplankton and zooplankton samples were collected on day 1 and 28. Samples (15
L per sample) were collected between 9.00 and 11.00 hr from three points in each tank
or pond and passed through a 45 pum mesh plankton net and combined. The
concentrated samples were preserved in plastic bottles with 1 ml of Lugol’s solution.
The abundance estimations of plankton (individual L'!) were done using a one milliliter
Sedgewick-Rafter (S-R) counting chamber. One ml of sample was put in the S-R cell and
left undisturbed for 15 min to allow the plankton to settle. The plankton in 10 randomly
selected cells were then counted using a compound microscope (Lx 400; magnification-
4x-100x, USA) and identified (where possible to genus level) using 5.1M C-Mount CMOS
Camera- Aptina MT9P001 CMOS (Color). Plankton was identified using determination
tables by Prescott (1962), Edmondson (1982), Bellinger (1992) and Tomas (1997).

Plankton abundance was calculated using the following formula:
N=(PxCx100)/V.

Where, N = the number of plankton cells or units per liter of original water, P = the
number of plankton counted in 10 fields, C = the volume of final concentrate of the
sample (ml), V=the volume of the water sample in liters.
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2.7. Assessment of shrimp larval performances

Shrimp growth and survival indices were calculated at the end of the four-week period
using the formulas described by Busacker et al. (1990). After harvesting, the shrimp PLs
were placed in tissue paper to remove excess water for accurate wet-weight
determination. Weight gain was calculated by deduction of initial weight from the final
weight. Weight gain per day was calculated from final weight gain divided by
experiment duration (days). The formulas for calculation of survival rate (SR) and

specific growth rate (SGR) were as follows:

SR (%) = N¢/Nix 100

SGR (% BW day) = (In (BWjs) - In(BW;) )/Dx 100

In these, SR is the survival rate; Nfis the number of shrimp collected at final sampling
time; N; is the number of PLs stocked; SGR is specific growth rate (% BW day); BWs is
the final body weight (g); BWi is the initial body weight (g); and D is the duration of the

experiment (days).
2.8. Calculation of synergy between feed and leaf litter

The calculation of individual and synergistic contributions of leaf litter and feed was

based on total weight gain in shrimp juveniles, following Alam et al. (2021b).
2.9. Statistical analysis

The data were analysed using the IBM SPSS statistical software package version 26.
One-way ANOVA was conducted to compare the synergistic effects of feed and
mangrove leaf litter between the four combinations of leaf litter used as well as to
compare the performances among the different treatments under pond conditions. A
factorial analysis was carried out for the experiment under tank conditions, feed
presence or absence as one factor and mangrove leaf litter species and the sampling
date as the second, a repeated measure factor, by means of a general linear model
(GLM). A post-hoc Tukey HSD test was used to examine for pair-wise differences (P <

0.05). Correlations among the different variables were assessed using the Pearson’s
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correlation coefficient while linear regression between selected variables allowed us to

examine their effect.
3. Results
3.1 Tank experiments

The tank experiments showed the effects of combined application of leaf litter and
supplemental feed on shrimp performances. In terms of survival, addition of mangrove
litter showed a significant effect (P < 0.01) but feed did not (P > 0.05). There was also
no interaction effect of mangrove species x feed (P > 0.05) on survival. Shrimp survival
over the four weeks experimental period ranged from 80-89% while the highest survival
rate was observed for SaAoHf and the lowest for SaScAoHf (Table 4.2). The average
survival without application of supplemental feed was 84% (Table 4.2). In the treatment
with feed only, the survival was 88%. In contrast to the results for survival, for individual
weight gain there was a significant effect of both mangrove species (P <0.001) and feed
(P < 0.01) but there was no interaction effect (P > 0.05) (Table 4.2). The same was
observed for SGR (Table 4.2). The highest average individual body weight gain was
recorded in treatment SaAoHf (0.23 g) and the lowest in treatment SaScAoHf (0.20 g)
(Table 4.2). The average individual weight gain in fed treatments was 0.33 g and in non-
fed treatments was 0.09 g. The average individual weight gain in the treatment with
feed only was 0.15 g. When looking at FCR, SaAoHf-F showed the best performances of
all treatments (Fig. 4.1). The highest value of FCR (0.48) was recorded for the treatment
with formulated feed only, whereas the lowest (0.19) was recorded for treatment
SaAoHf-F.

The total weight gain based on feed only was 12.8 g and the total weight gain based on
leaf litter ranged from 6.7 t0 9.4 g (P < 0.01; Table 4.3). The contribution of leaf litter to
total weight gain ranged between 27 and 29%. The contribution of feed ranged
between 39 and 51%. Combined, leaf litter and feed resulted in 22 to 32% higher weight

gain than based on the combined contribution of leaf litter alone and feed alone.
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Fig. 4.1. : Feed conversion ratio (FCR) in fed treatments in tank experiment. Letters

above bars in graphs indicate statistical differences (P < 0.05) between treatments.

Though there were no significant differences (P > 0.05) between mangrove species in
their contribution (%) to shrimp juvenile weight gain (Table 4.3), the different
combinations of mixed leaf litter did give significant difference. SaAoHf contributed the
most to total weight gain, ScAoHf the least, with SaScAoHf and SaScHf at intermediate
levels (Table 4.3).

In the case of water quality parameters, significant principal effects were observed for
pH, BODs, NO,-N and phytoplankton but not for DO, COD, TAN and zooplankton
concentration (Table 4.4). A significant interaction (P < 0.05) between mixed mangrove
species and feed was found for pH (P < 0.01) and BODs (P < 0.001), while all water
quality parameters changed over time (P < 0.05). The average pH in different
treatments ranged from 7.58-7.84 and differed significantly (P < 0.01) between
different combinations of mixed leaf litter. The pH decreased over time in all
treatments (P < 0.01) (Table 4.4) and was affected (P < 0.01) by both mangrove species

and feeding.
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Table 4.2
ANOVA table (repeated measure) for shrimp performances observed in shrimp nursery
tanks during a 4-week incubation period, with different combinations of feed and leaf litter

mangrove species.

Parameter Leaf litter mangrove species (MS) Feed (F) P-values
SaAoHf | SaScHf ScAoHf | SaScAoHf Yes No MS | F MS
xF
Survival
rate (%) 89.2 +|84.7 +|823 +|802 + 846|836t
2.14° 2.94% 2.942 4.75° 5.40 3.85 ** 1 ns | ns
Individual
weight 023 +|021 +|021 +]0.20 (033009 %
gain (g) 0.14° 0.13° 0.13° 0.13° 0.02°> | 0.01° ** 1 * Ins
Specific
growth
rate (% bw | 13.2 + | 128 | 12.7 + | 125 + 152+ 10.7
d?) 2.31° 2.49° 2.532 2.512 0.21° | 0.40° | ** | * |ns

Presented values are the mean + SD. Means in each rows sharing the same superscript letter
are not significantly different for main effect mangrove species (MS) and feed (F) according to
Tukey HSD test (P > 0.05). P value is expressed as a symbol (P < 0.001: **; P < 0.01: *; ns: not
significant, P > 0.05). Sa = Sonneratia apetala leaf litter; Sc = S. caseolaris leaf litter; Ao =
Avicennia officinalis leaf litter; Hf = Heritiera fomes leaf litter; F = Feed only.

For BOD:s, there were effects of mangrove species combination (P < 0.001) and feed (P
< 0.05) as well as their interaction (P < 0.001). Among mangrove species litter
combinations, the highest BODs (2.55 mg L) was observed for SaAoHf and the lowest
(2.34 mg L) for SaScAoHf (Table 4.4). Overall, the BODs increased with time (P <0.001),
and different combination of mangrove species affected the BODs differently over time

(MS x T, P<0.001), while this was not the case with feeding (F x T, P> 0.05).
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Table 4.3

Contribution of mixed leaf litter and feed in weight gain in culture tanks during

nursery from PLss to juvenile shrimp for 04-week.

Considered factors Mangrove species P-
SaAoHf | SaScHf | ScAoHf SaScAoHf | value
Total weight gain with leaf and | 32.7% 28.2+ 27.5¢+ 25.1+ *E
feed (g) 0.10° 2.82° 0.44° 2.86°
Total weight gain with leaf litter 9.4+ 7.7+ 7.2+ 6.7+ *E
only (g) 0.39° 0.38° 0.51° 0.47°
Total weight gain with feed only 12.8+0.71 n.a.
Contribution of leaf litter (%) to | 28.9% 273+ 26.0 + 26.8 + ns
weight gain 1.15 2.43 1.78 2.20
Contribution of feed (%) to | 39.0% 453+ 46.4 51.2+ *
weight gain 2.08? 1.37% 3.30% 6.43°
Synergistic effect (%) 321+ 274+ 276t 220+ ns
2.25 3.80 3.14 7.68

Presented values are the mean + SD. Means in each rows sharing the same superscript
letter or absence of superscripts are not significantly different according to Tukey HSD
test (P > 0.05). P value is expressed as a symbol ( P < 0.01: **; P < 0.05: *; ns : not
significant, P > 0.05). Sa = Sonneratia apetala leaf litter; Sc = S. caseolaris leaf litter; Ao =
Avicennia officinalis |eaf litter; Hf = Heritiera fomes leaf litter;

Feeding did influence the TAN concentration (P < 0.01), whereas mangrove species
combination did not (P > 0.05). The TAN concentration increased over time (P < 0.001), and

the increase was greater with feed than without feed (FxT, P < 0.05) (Table 4.4).

NO2-N concentrations (P < 0.05) increased faster with feeding than without feeding (FxT, P
< 0.05). In our experiments the concentrations never rose above 1 mg L, thus never
reaching toxic levels. Among the mangrove leaf litter combinations, SaScAoHf was higher
in NO2-N concentrations, followed by SaAoHf, SaScHf and ScAoHf (P > 0.05), in that
order (Table 4.4).
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Both the factors mangrove leaf litter and feed affected the phytoplankton
concentration (P < 0.001) but there was no significant interaction between the two (P
> 0.05). The highest phytoplankton concentrations were observed with SaAoHf leaf
litter (27 inds. ml') and the lowest with SaScAoHf leaf litter (20 inds. ml?).
Phytoplankton concentrations increased over time, with the combination of leaf litter
and feeding causing the fastest increase in phytoplankton concentration by the end of
the experiment (MS x T and F x T; P < 0.001). The three most abundant phytoplankton
species identified were Cladophora nitellopsis, Closterium tumidium and Pediastrum
tetras. For zooplankton, concentration was not significantly different between main
effects (P > 0.05) but the concentration increased over time (T; P < 0.001). The
variations in zooplankton were less and the most abundant species identified was

Acartia tonsa.
3.2 Pond experiment

The shrimp survival in ponds with different treatments ranged between 63% and 76%
across the 4-week experimental period (Table 5) and differed significantly (P < 0.05)
among treatments. In contrast, the shrimp survival (%) in the ponds applied with
mixture of leaf litter from different mangrove species and supplemental feed was
higher than in the ponds applied with supplemental feed only. There were also
significant differences (P < 0.05) in survival of shrimp juvenile between ponds being fed
different combination of mixed leaf litter. The highest survival (76%) was observed in
the ponds with mixtures of all four (S. apetala, S. casiolaris, A. officinalis and H. fomes)
types of leaf litter and the lowest survival (72%) was found in the ponds with the
mixture of S. apetala, A. officinalis and H. fomes leaf litter (Table 4.5). Survival in the
ponds with S. apetala, S. casiolaris and H. fomes leaf litter was better than the ponds

with S. casiolaris, A. officinalis and H. fomes leaf litter.
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Table 4.5

Shrimp performance observed in mesocosm ponds with different leaf litter mangrove

species and supplemental feed.

Treatments
pP-
Parameter SaAoHf-F | SaScHf-F | ScAoHf-F | SaScAoHf-F F value
. 723+ 754+ 743 £ 765+ 63.4+
Survival rate (%)
0.86° 1.28¢ 1.76%¢ 0.91° 0.65° rokx
Individual weight 1.18 0.69t 0.84+ 095+ 0.57
gain (g) 0.07¢ 0.212° 0.212° 0.10°¢ 0.08? ok
Specific growth 169+ 15.0% 15.7 16.2 £ 145+
rate (% bw d?) 0.36¢ 0.962° 0.983b¢ 0.36°¢ 0.55° *
Feed conversion 0.13 + 0.23 + 0.19+ 0.16 + 031+
ratio (FCR) 0.00° 0.06°¢ 0.05%° 0.01%° 0.05°¢ ok
Presented values are the mean + SD. Means in each rows sharing the same superscript
letter are not significantly different according to Tukey HSD test (P > 0.05). P value is
expressed as a symbol (P < 0.001: ***; P < 0.01: **; P <0.05: *). Sa = Sonneratia apetala
leaf litter; Sc = S. caseolaris leaf litter; Ao = Avicennia officinalis leaf litter; Hf = Heritiera fomes
leaf litter; F= only Feed.

The growth rates of shrimp PL differed significantly (P < 0.05) depending between
treatments used in the ponds. The application of mangrove leaf litter combined with
feed gave higher growth rates than the treatments with only feed (Table 4.5). The
highest average individual growth (1.2 g) was observed in the ponds applied with S.
apetala, A. officinalis and H. fomes leaf litter and the lowest (0.7 g) was observed in the
ponds applied with S. apetala, S. casiolaris and H. fomes leaf litter. For the other two
treatments, weight gain was intermediate and similar (Table 4.5). The specific growth
rate (SGR) of shrimp juvenile also differed significantly (P < 0.05) between treatments.
The highest SGR was recorded for the juvenile in the ponds receiving S. apetala, A.
officinalis and H. fomes leaf litter and the lowest SGR was recorded in the ponds

receiving only supplemental feed (Table 4.5).
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The ponds with leaf litter showed better FCR performances than the ponds applied with
feed only (Table 4.5). The highest value of FCR (0.32) was found for the treatment with
formulated feed only whereas the lowest (0.13) was found for treatment with S.

apetala, A. officinalis and H. fomes leaf litter.

No differences (P > 0.05) in water quality parameters were found between the different
treatments except for BODs phytoplankton and zooplankton concentration (Table 4.6).
TAN and NO,-N concentration were below the detection level over the experimental
period of four weeks. The highest BODs (2.58 mg L) was measured in the ponds applied
with S. casiolaris, A. officinalis and H. fomes leaf litter and lowest (1.29 mg L) in the
ponds applied with supplemental feed only. Though there were significant BODs
differences (P < 0.05) between experimental ponds, there were no significant
differences that could be ascribed to different combinations of leaf litter (Table 4.6).
For phytoplankton concentrations significant differences (P < 0.01) were found
between treatments. There were also significant differences between the ponds
applied with different combination of leaf litter. While highest phytoplankton
concentrations (135 inds. ml'!) were found in the ponds with S. apetala, A. officinalis
and H. fomes leaf litter and the lowest (77 inds. mll) were found in the ponds with
S.apetala, S. casiolaris and H. fomes leaf litter. The ponds with the combination of all
four types of leaf litter had higher phytoplankton concentrations than those with S.
casiolaris, A. officinalis and H. fomes. Zooplankton concentrations also showed
significant differences (P < 0.05) between different pond treatments. Ponds with
mangrove leaf litter had higher zooplankton concentrations than ponds with only
supplemental feed. Between ponds mixed mangrove leaf litter, the highest
zooplankton (48 inds. ml) concentrations were observed in ponds with S. casiolaris, A.
officinalis and H. fomes while the lowest (37 inds. ml) were observed in the ponds with
all four types of leaf litter. The ponds with S. apetala, A. officinalis and H. fomes leaf
litter had higher zooplankton concentrations than the ponds with S. apetala, S.

casiolaris and H. fomes leaf litter (Table 4.6).
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Table 4.6

Average water quality parameter values observed in different shrimp PL nursery ponds.

Water quality Treatments
parameters SaAoHf-F SaScHf-F ScAoHf-F | SaScAoHf- F P-
F value
Temp (°C) 28.1¢+ 282 + 28.0+0.57 | 28.4+£0.03 28.4 + ns
0.03 0.10 0.01
pH 7.63 753+ 7.60+0.02 | 7.57 £0.05 7.67 £ ns
0.04 0.06 0.10
DO (mgL?Y) 443 + 4.45 + 4.45+0.06 | 4.54 +0.05 443 + ns
0.10 0.03 0.06
BODs (mg L) 255+ 252+ 2.58 253+ 1.29+ ok
0.14° 0.03° 0.19° 0.16° 0.06?
COD (mgL?) 3417 £ 23.33 % 28.33 £ 23.33 26.67 ns
3.82 2.89 2.89 9.46 2.89
TAN (mg L?) - - - - - -
NO2-N (mg L?) - - - - - -
Phytoplankton 135.0+ 76.7 £ 96.7 + 110.0+ 56.7+ ok
(inds. ml%) 10.0¢ 12.6% 7.64b¢ 5.0¢ 7.642
Zooplankton 40.8 + 383+ 48.3 37.2 ¢ 283+ *
(inds. ml?) 6.29%° 6.29%0 3.82° 4,512 3.828
Presented values are the mean + SD. Means in each rows sharing the same superscript letter
or absence of superscripts are not significantly different according to Tukey HSD test (P >
0.05). P value is expressed as a symbol ( P < 0.01: **; P <0.05: *; ns: not significant, P > 0.05;
“-“: below the detection limit). Sa = Sonneratia apetala |eaf litter; Sc = S. caseolaris leaf litter;
Ao = Avicennia officinalis leaf litter; Hf = Heritiera fomes leaf litter; F= only Feed.
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3.3 Soil quality:

The soil quality was quantified before the start of the pond experiment (Table 4.7) and after

four weeks when the experiment was terminated (Table 4.8). Before start the experiment,

the soil quality of the experimental ponds did not show any significant differences (P > 0.05)

between ponds (Table 4.7).

Table 4.7

Soil quality before experiment.

Soil quality Treatments P-
parameters | SaAoHf-F | SaScHf-F | ScAoHf-F | SaScAoHf- F Value
F
pH 7.26 £ 7.27 £ 7.28 7.25+ 7.27 £0.05 ns
0.04 0.03 0.03 0.03
Eh (mV) 2843 + 283.8 % 286.0 + 282.8 + 285.2 + ns
3.45 3.38 2.89 4.18 4.05
Organic 0.95¢+ 095+ 095+ 095+ 0.94 £ 0.00 ns
Carbon (%) 0.00 0.00 0.01 0.01
Nitrogen 0.13 ¢ 0.14 + 0.12+ 0.14 + 0.15+0.02 ns
(%) 0.02 0.01 0.01 0.02
Phosphorus 0.06 = 0.06 £ 0.06 £ 0.05 % 0.06 £0.01 ns
(%) 0.01 0.01 0.01 0.01

Presented values are the mean £ SD. Means in each rows are not significantly different
according to Tukey HSD test (P > 0.05). ns : not significant, P > 0.05. Sa = Sonneratia
apetala leaf litter; Sc = S. caseolaris leaf litter; Ao = Avicennia officinalis leaf litter; Hf =

Heritiera fomes leaf litter; F= only Feed.

However, after the experiment, the soil quality was different (P < 0.05) between treatments

for some of the parameters (such as Eh and OC content). The highest Eh levels were

observed in the soil of the ponds with only supplemental feed (278 mV). Between leaf litter

treatment, the highest Eh (274 mV) was observed in ponds with S. casiolaris, A. officinalis

and H. fomes leaf litter and lowest (265 mV) in the ponds with S. apetala, A. officinalis and

H. fomes leaf litter. For OC, there were also significant differences (P < 0.05) between

treatment types. Between ponds with mangrove leaf litter, the highest OC was observed in
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the soil of ponds with S. apetala, A. officinalis and H. fomes leaf litter and the lowest in the

soil of ponds with S. apetala, S. casiolaris and H. fomes leaf litter (Table 4.8).

Table 4.8

Soil quality after 4-weeks experimental periods.

Soil quality Treatments P-
parameters SaAoHf-F | SaScHf-F | ScAoHf-F | SaScAoHf- F Value
F
pH 7.43 7.43 + 7.43+0.06 | 7.40+£0.04 | 7.33+£0.02 ns
0.06 0.08
Eh (mV) 2645+ 273.1+ 2735+ 267.1+ 278.0 ¢ *
1.97° 2.63° 1.92° 2.06%° 3.22¢
Organic Carbon 1.09+ 1.01 1.04+ 1.07+ 0.95% *
(%) 0.02¢ 0.01° 0.03kc 0.01¢ 0.01°
Nitrogen (%) 0.15% 0.14 + 0.13+0.02 | 0.15+0.01 | 0.13 £0.00 ns
0.01 0.01
Phosphorus (%) 0.06 + 0.06 + 0.06 £0.00 | 0.06 +0.01 | 0.06 + 0.00 ns
0.00 0.00

= Heritiera fomes leaf litter; F= only Feed.

Presented values are the mean = SD. Means in each rows sharing the same superscript
letter or absence of superscripts are not significantly different according to Tukey HSD test
(P >0.05). P value is expressed as a symbol (P < 0.05: *; ns: not significant, P > 0.05). Sa =
Sonneratia apetala |leaf litter; Sc = S. caseolaris leaf litter; Ao = Avicennia officinalis eaf litter; Hf

Pearson correlation analysis among different parameters showed that the majority of

variables were correlated (Table 4.9). The regression also showed significant correlations (P

< 0.05) between different pairs of variables. We found a positive correlation between soil

organic carbon and phytoplankton concentrations, phytoplankton concentrations and

shrimp weight gain as well as a negative correlation between feed conversion ratio and

phytoplankton concentration (Fig. 4.2).
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Fig. 4.2. (a-c) : Linear regression of (a) Soil organic carbon and phytoplankton
concentration, (b) Phytoplankton concentration and individual weight gain of shrimp,
and (c) Phytoplankton concentration and Feed conversion ratio.

Table 4.9:

Pearson’s correlations among different important variables (n = 15).

Weight Phyto Zoo
gain Survival pH BODs CoD plankton | plankton
Weight 1
gain
Survival 0.428 1
pH -0.004 -0.517" 1
BODs 0.538" 0.901" -0.457 1
CcoD 0.502 -0.180 0.000 0.100 1
Phyto 0.910" 0.526" -0.114 0.684" 0.450 1
plankton
Zoo 0.535" 0.601" -0.346 0.653" 0.307 .512 1
plankton

*Correlation is significant at the 0.01 level (2-tailed); “Correlation is significant at the 0.05

level (2-tailed);
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4. Discussion
4.1 Effect of leaf litter on shrimp performances

In all tank experiments using exclusively leaf litter as a potential food source, a high
survival (80-88%) indicated that leaf litter directly or indirectly contributed to the
nutrition for shrimp through production of natural food. Alam et al. (2021a, 2021b)
found that without any application of supplemental feed, shrimp PL managed to survive
well on food produced through decomposition of mangrove leaf litter. The average
survival (%) (Table 4.2) identified in our experiment using mixed mangrove leaf litter
did not differ substantially from the survival values (75-94%) observed by Alam et al.
(2021b) where leaf litter of individual mangrove species were used. In our experiments,
shrimp survival was found to be higher in ponds with mixed mangrove leaf litter plus
feed than in ponds with only feed (Table 4.5). Such higher survival with leaf litter could
be due to numerous reasons including, that litter might create shelter with which

shrimp PLs were able to avoid predation and cannibalism (Hai and Yakupitiyage, 2005).

The natural food produced from the decomposition of leaf litter supported growth in
shrimp PL as we observed 26 to 29% weight gain based on the contribution of leaf litter
alone (Table 4.3). This might be due to the release of nutrients through decomposition
of leaf litter and the development of a microbial biofilm of direct use as food for the
shrimp and/or the growth of plankton in the water column. Zooplankton,
phytoplankton and bacteria are natural foods for shrimp PL and juveniles (Porchas-
Cornejo et al., 2012) that can contribute up to 50-70% of the nutritional needs of shrimp
(Martinez-Cordova and Enriquez-Ocana, 2007; Enriquez, 2003; Tacon, 2002). Others
such as Gatune et al. (2014; 2012) and Nga et al. (2006) also documented that the
decomposition of mangrove leaf litter releases nutrients, supports natural food
production and microbial biofilm development which serve as food for shrimp PL. In
this work we again documented the synergistic effect of mixed leaf litter and
supplemental feed in weight gain of shrimp juvenile, just as Alam et al. (2021b) did for

single-species mangrove leaf litter.

87




Chapter 4

The differences in shrimp performances among the different leaf litter treatments
applied both in tank and pond experiment, as we found in this study, might be due to
the differences in decomposition rate of leaf litter of different species. For instance,
Alam et al. (2021a) determined that the contribution of single-species mangrove leaf
litters to shrimp PL performances differed depending on the decomposition rate of leaf
litter. In concordance with the higher decomposition rates documented for Sa and Ao
by Alam et al. (2021a), in this study, we observed comparatively higher individual
growth in the leaf litter treatments that included Ao and Sa (Table 4.2, Table 4.5). Alam
et al. (2021a) further found that the higher the decomposition rate of the litter, the
higher the growth of phytoplankton and the higher the growth of shrimp PL. In the
experiments described here we also observed a positive correlation between
phytoplankton concentration and shrimp growth (Table 4.9). The average effects of
mixed-species leaf litter on shrimp weight gain in our tank experiments were
comparatively higher than the average effects of single-species litter as found by Alam
et al. (2021b). Alam et al. (2021a,2021b) identified H. fomes as providing the lowest
benefit to weight gain of all four mangrove species tested. Our results with mixed-
species litter that included this species, suggest that with mixed-species leaf-litter input
into shrimp ponds, H. fomes can also be effectively used to support shrimp pond
production. This is interesting, not only as this is the most common species in the
Sundarbans mangrove area, but also because it is a highly preferred species for planting
by farmers due to its high value for various construction purposes (Hossain, 2015; Islam
and Wahab, 2005, Rahman et al. 2020). Incorporation of this species for use in the
shrimp pond setting might help facilitate farmers to start using of mangroves in shrimp

pond settings (Bosma et al. 2016).

In our results we observed higher growth performances under pond conditions than in
culture tanks (Table 4.2 and Table 4.5). This might be due to a number of supporting
factors. For instance, the pond setting facilitated a higher growth of both
phytoplankton and zooplankton than the tank setting. The pond setting was also

favorable to the development of soil organic matter by the addition of leaf litter. This
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was evidenced by the positive correlation regression between soil organic matter and
phytoplankton growth as documented (Fig. 4.2b). The lower FCR in the treatment with
the application of leaf litter as compared to treatments with only feed in both tank and
pond experiments demonstrated the added-value of supplementation with natural
food and/ or shelter as a result of adding leaf litter. This finding correspond to those of
Alam et al. (2021b) and Martinez-Cordova et al. (2011) who observed the addition of
leaf litter lowers the FCR. The positive correlation between phytoplankton
concentrations and shrimp juvenile weight gain (Fig. 4.2a) and the negative correlation
between FCR and phytoplankton concentration (Fig. 4.2c) suggest that the growth of
phytoplankton correlated to the weight gain of shrimp juvenile and the lowering of the
FCR. Phytoplankton has been found vital to shrimp nutrition during the postlarvae

stages (Thong, 2017).
4.2 Effect of leaf litter on water quality

The average DO level in our tank experiment (Table 4.4) was significantly higher than
the DO levels measured in the pond experiments (Table 4.6). While we used an air stone
to maintain DO level in experimental tanks we used no artificial aeration in the ponds.
Even so, in both cases the DO level well-exceeded the minimum level needed for shrimp
growth and survival (Allan and Maguire, 1991). The water temperature in both

experiments was within the range conducive to shrimp performance (FAO, 1986).

While significant effects of mangrove species composition on pH were observed in
shrimp rearing tanks (Table 4.4) both with and without supplemental feed, no effects
of mangrove species composition on pH were found in the pond setting (Table 4.6). This
is similar to the results by Marschner and Noble (2000), Deano and Robinson (1985)
and Alam et al. (2021b) who documented significant effects of mangrove species
composition on pH but contrast with the results of Alam et al. (2021b) in which no
similar effect was observed for feed. The effect of mangrove species mixture in leaf
litter affected pH (Table 4.3). This might be due to the differences in decomposition

rates of the different leaf litter type as previously observed by Alam et al. (2021a). In
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both our tank and pond experiments, the pH observed was well within in the optimum

range (7.5-9.0) for shrimp production (FAO, 1986).

The BOD:s level in our both experiments was observed to be higher in the treatments
that included mangrove leaf litter than those with only supplemental feed. This was
likely due to the differential rate of leaf litter decomposition as suggested by Alam et
al. (2021a). We also observed significant differences among the different mixture of
leaf litter in tanks (Table 4.3) but not in ponds (Table 4.6). The higher BOD level in water
might cause stress for shrimp PL due to the rapid oxygen depletion (Boyd, 2018; Banrie,
2012) but it did not happen in our tank experiment due to continuous aeration support.
For both experiments, the BODs was within the acceptance level (< 25 mg L?)

recommended by Kasnir et al. (2014).

Nitrite (NO2-N) and total ammonium nitrogen (TAN) were detected in our tank
experiment but for the pond experiment both were below the detection level. In case
of the pond experiment, either this went to the pond bottom or returned to the
atmosphere by denitrification (Kabir et al., 2019). In the tank experiment, with the
similar concentration of leaf litter but of a single species, Alam et al. (2021b) also
observed an almost similar tendency of presence of TAN and NO»-N in water column as
we observed in our tank experiment. According to Hai and Yakupitiyage (2005) and and
Nga et al. (2006), the concentration of TAN and NO>-N in water column might be
increased with the increase of concentration of leaf litter. Both mangrove leaf litter and
feed are sources of NO>-N and TAN (Dutra and Ballester, 2017). Hari et al. (2004) also
stated that the amount of fed nitrogen (N) that is not retained in animal weight gain,
increases the TAN and NO,-N concentrations in the water column. The higher presence
of TAN and NO,-N concentrations affect the shrimp performances but this might not
have happened in our experiments as both of those were within safe concentrations as

suggested by Chen and Lei (1990) and Banrie (2012).
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4.3 Effect of leaf litter on soil quality

Mangroves contribute essential nutrients to the soil through litter fall that is
incorporated into sediments (Srisunont et al., 2017; Reef et al., 2010) through
decomposition. In our pond experiment, the addition of leaf litter also changed the
pond soil quality as before addition of litter there was no difference (P > 0.05) in soil
parameters whereas at the end of the experiment, there were differences ( P < 0.05)
between treatments. Among the nutrients, the change in OC was significant as the leaf
litter of mangrove species contain more organic carbon than nitrogen and phosphorus
(Alam et al., 2021a). The contribution of organic carbon by the different mangrove
species were significantly different. This might be due to the differences in
decomposition rate of different leaf litters. Alam et al. (2021a) identified Sa leaf litter
as having a higher decomposition rate than Ao, Sa and Hf, in that order. We also
observed a higher contribution of OC in the treatments with leaf litter species which

had higher decomposition rate as identified by Alam et al. (2021a).
5. Conclusions and recommendations

This study shows that shrimp postlarvae performed better in terms of weight gain in
ponds than in tanks. Even so, the pond experiments confirmed that the beneficial
effects of mangrove litter as documented for tanks were quite applicable to the pond
setting. We tested four combinations of mixed-species mangrove leaf litter as a
potential supplement for shrimp culture and found the combination of S. apetala, A.
officinalis and H. fomes to yield the best results. In addition, leaf litter not only served
as a food source but also demonstrated significant synergy when used in combination
with commercially formulated pelleted shrimp feed. Combining mangroves into the
shrimp pond culture setting thus presents major potential benefits to shrimp
production, particularly when used in combination with commercial feed. In addition,
our results demonstrate that incorporating the commercially favored mangrove lumber
species H. fomes into the species mix still results in good shrimp performance, even

though H. fomes alone is not one of the best mangrove species for supporting shrimp
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culture (Alam et al., 2021a, 2021b). However, the species is highly favored by the
farmers (Rahman et al., 2020) and inclusion of it in silvo-cultural approaches to making
shrimp culture more profitable and more sustainable, can likely provide an additional
incentive for farmers to transition to using mangroves to their greater economic
benefit. Additional research questions needed to further investigate the economic
potential of mangrove-based silvo-aquaculture are:- (i) what cover proportion of trees
will provide the optimum leaf litter fall for shrimp culture?; (ii) what would be the water
management strategy to a) ensure high utilization of released nutrition from leaf litter
and b) limit biological oxygen demand for the jointly best culture conditions for shrimp;
(iii) will the synergistic benefit continue through the full life cycle of farmed shrimp or
is or is it best applied in shrimp nursery systems?; (iv) what is the length of time needed
before newly planted mangrove can contribute to the pond environment via the

provision of leaf litter?
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Abstract

Color, texture and flavor are all important determinants of seafood product quality and
value. For shrimp, Penaeus monodon, one of the highest-priced shrimp species of the
SE Asia shrimp industry, especially the dark tiger-striped coloration is a key product
quality criterion. We here evaluated the effects of leaf litter of the mangrove species
Avicennia officinalis (Ao), Heritiera fomes (Hf), Sonneratia apetala (Sa) and S .caseolaris
(Sc) on length, weight and body color of shrimp (Penaeus monodon) postlarvae (PL).
Fifteen-day-old PL (weight: 0.01g) were reared in 1100-L fibre-reinforced polyethylene
tanks. Five treatments having three replications were conducted for four weeks. Four
treatments received leaf litter of the four mangrove species and supplemental feeds
and one control treatment was provided with supplemental feed only (FO). The pH,
biological oxygen demand (BODs), phytoplankton and zooplankton biomass were
lower, while total ammonia nitrogen (TAN) concentration were significantly higher in
the FO treatment than in treatments including leaf litter. PL survival averaged 89% and
only differed significantly between the Sa and Sc leaf litter treatments (P < 0.05). After
4 weeks of culture, larvae in the FO treatment had significantly shorter body and
carapace length, lower body weight and a lower specific growth rate than in larvae in
the other treatments, while Sa-reared larvae attained significantly greater length and
weight than in the other leaf litter treatments. Shrimp body coloration and pattern with
leaf litter treatments were significantly different from the FO treatment. Sa-reared
larvae at harvest were significantly darker in body color than larvae reared with other
mangrove species. Shrimp value chain stakeholders preferred dark shrimp as an
indicator of organic production and higher price. Mangrove leaf litter was found to
enhance the production and color quality of black tiger shrimp and this technique can

be applied in commercial shrimp aquaculture to improve product quality.
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1. Introduction

Shrimp farming is widely practiced in coastal areas of tropical and subtropical countries
(Viet Nguyen et al., 2020). It is one of the fastest growing economic activities and
sources of foreign-exchange earnings for several developing countries in Asia and Latin
America (He et al., 2021). Bangladesh is well known as a shrimp producing country in
South-East Asia. The country earned about USS$ 494 million by exporting fish and shrimp
in 2019-2020, more than 80% of which was from the export of shrimp (DoF, 2021).
Moreover, shrimp culture provides employment, income and food security to the rural
people in the coastal areas where alternative livelihood options are very limited (Karim
and Mustari, 2015; Al-Mamun et al., 2021). Shrimp culture systems are diverse in
Bangladesh, ranging from integrated rice-shrimp systems to semi-intensive systems
(FAO, 2022). Semi-intensive and extensive systems are different in terms of
management, production and disease occurrence and control (Islam et al., 2016).
Extensive shrimp farming is commonly practiced in shallow ponds in the coastal zone,
stocking shrimp postlarvae (PL) at low densities with no complementary feeding. To
fertilize these ponds, some low cost inputs such as compost produced from agriculture
and household plant and animal waste may be applied (Ariyati et al., 2019). Alam et al.
(202143, b, 2022), Rejeki et al. (2019) and Ariyati et al. (2019) observed that mangrove
leaf litter positively affects shrimp growth performance. Addition of mangrove leaf
litter enhances natural food production and improves the use efficiency of
supplemental and commercial feed (Alam et al., 202143, b, 2022). These results suggest
that mangrove litter could play an important role in the production of organic shrimp
which appeals to consumers for their high quality (Paul and Vogl, 2012; Dhar et al.,
2019). Integrated shrimp mangrove farming is often referred to as organic aquaculture

(Ahmed et al., 2018).

Growth rate is a key metric in fisheries and aquaculture. Individual growth performance
is of great interest because of its importance to yield (Crane et al., 2019). Growth

performance is also influenced by environmental conditions such as water
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temperature, diet, turbidity and water chemistry (Tacon et al., 2002; Shoup et al., 2007;
Shoup and Lane, 2015; Crane and Einhouse, 2016). Like growth, the color pattern of
shrimp is also important as it can be influenced by the type of production system and
generates a price premium in some export markets (Wade et al., 2013; Rodriguez et al.,
2017). The same also holds for fish species (Uribe et al., 2018). Considering consumer
preferences, Parisenti et al. (2011) observed that a dark color in shrimp was more
preferred by consumers than a pale color. Although the effect of mangrove restoration
on shrimp performance is well documented, little information is available on the effects
of leaf litter on growth characteristics (e.g., total length, body length and carapace

length) and body color.

The shrimp sector produces primarily for export markets, and to a lesser extent for
domestic markets. If consumers, domestic and foreign, would recognize colored shrimp
as organic, healthy and good quality, this can help to promote mangrove shrimp
aquaculture. Therefore, the objective of this study was to assess the effects of leaf litter
on these characteristics in shrimp PL culture and to explore color preference by various

stakeholders in the shrimp sector.

2. Methodology

2.1. Sample collection: mangrove leaf litter and shrimp PL

The mangrove species providing the leaf litter types used in this experiment were
selected following Alam et al. (2021a, 2022) and Rahman et al. (2020). These were the
species Avicennia officinalis (Ao), Heritiera fomes (Hf), Sonneratia apetala (Sa) and S.
caseolaris (Sc). Naturally-fallen yellowish senescent leaves of these species were
collected from the Sundarbans mangrove forest. Leaf traps were 2 by 2 m and installed
beneath the trees during winter (November 2018-January, 2019). At regular intervals,
the fallen leaves were recovered from the traps, separated according to species and

prepared for the use in this experiment.

Specific pathogens free (SPF) shrimp PL of 15 days old with an average weight of 0.01g

were obtained from the Desh-Bangla Shrimp Hatchery, Batiaghata, Khulna, Bangladesh.
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These were brought to the experimental site in oxygenated plastic bags. After arrival at
the experimental site, the shrimp PLs were acclimatized by gradually adjusting the
salinity and temperature to the conditions in the experimental rearing tanks, before
releasing them.

2.2. Experimental design

The culture experiment was carried out at a farm located in Debhata, Satkhira at the
northern rim of the Sundarbans mangrove area in Bangladesh. Culture was conducted
under ambient conditions in which the rearing tanks were covered with a translucent
plastic roofing that prevented large fluctuations in salinity due to heavy rain, while still
maintaining the natural diurnal variation in light incidence. The experiment included
five treatments, all receiving commercial feed (F) at 5% body weight per day. Four
treatments received leaf litter of four different mangrove species (Avicennia officinalis:
Ao, Heritiera fomes: Hf, Sonneratia apetala: Sa and S. caseolaris: Sc) and the 5%
treatment was a control provided with feed only (FO). All treatments were executed in
triplicate, and the treatments were randomly assigned to the experimental rearing

tanks.

The shrimp were reared in 1100-L fibre-reinforced polyethylene tanks containing 1000
L of brackish water (10 ppt) with a water depth of 0.9 m. Brackish water collected from
a nearby canal was stocked in a pond and left to settle for one week. The top layer of
that settled water was transferred to the experimental tanks through a 25 um mesh
size net to keep out large debris and predators, including their eggs and larvae, from
the experimental tanks. Each tank was aerated using a single air stone (diameter 2 cm)
connected to an air blower (RESUN, LP-100). Mangrove leaf litter was directly added in
the culture tanks on day one at a concentration of 1 g L'! (wet weight). This loading rate
was standardized following Hai and Yakupitiyage (2005). On the same day, 100 shrimp
PLs were stocked at a rate of 1 PL/ 10L of water in each tank. The experiment was
conducted for a four-week period and the water was not exchanged during this
experimental period. The average shrimp body weight in the control treatment tanks
was checked weekly to adjust the amount of feed administrated during the next week.

The experiment was terminated after four weeks, when all the shrimp were collected.
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Total biomass and number of shrimp per experimental tank were recorded at stocking
and harvest. Shrimp survival, growth and color were assessed, recorded, and analyzed
at the end of the experiment. Finally, a survey among shrimp value chain stakeholders
was conducted to identify the shrimp color preference by the shrimp sector in

Bangladesh.
2.3. Feeding the shrimp PL and FCR

The commercial “Titas Tiger” feed named “starter” was purchased from the Bismillah
Feed Mills Limited, Mollahat, Bagerhat, Bangladesh. This feed is labelled as containing
12% moisture, 36% protein, 10% lipid, 7% fibre, 18% ash, 1.9% calcium and 1.7%
phosphorus. It was applied in the tank at 5% BW of shrimp PL per day. The feeding table
for all tanks was prepared weekly based on the average size and survival rate recorded
in the control treatment tanks. The FCR per tank was calculated after harvesting as the
total feed given (g wet weight) divided by total shrimp biomass gain (g wet weight) as
described by Alam et al. (2022).

2.4. Data collection

Temperature, salinity, pH and dissolved oxygen (DO) in each tank were measured daily
and biological oxygen demand (BODs) was measured weekly. Procedures for sample
collection, preparation and analysis were following the methods described by Alam et

al. (2022).

Phytoplankton and zooplankton samples were collected on day 1 and 28. Samples (15
L per sample) were collected at 9.00-11.00 hr from 3 points in each tank. Procedures
for sample collection, preparation and analysis were following the method described

by Alam et al. (2022).

The survivability of PL was monitored twice every day. The shrimp PLs were harvested
after 28 days. The survival rate, individual body weight gain (IWG) and specific growth
rate (SGR) were calculated following Busacker et al. (1990) as described by Alam et al.
(2022).
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At the same time, 15 Pls from each experiment unit were anaesthetized in an ice bath
and a photograph of each shrimp was made by using a digital camera (Canon DS126621)
after placing it on a laminated graph paper. All photos were taken under day-light
condition at the same place and time. From the raw images (Fig. 5.1), total length (TL),
body length (BL), and carapace length (CL) were measured using the ImagelJ software
(version 1.50i). TL (from tip of the rostrum to tip of the telson), BL (from post orbital
border of the carapace to the tip of telson) and CL (from posterior margin of orbit to

posterior edge of carapace) were measured following Rebello et al. (2014).

Fig. 5.1. Different types of length measured in P. monodon; TL: Tip of the rostrum to tip
of the telson ; BL: Post orbital border of the carapace to tip of the telson: CL: Post orbital
border of the carapace to posterior edge of carapace.

V! . om) MY () P o |

Dark Grey-blue

Pale

Fig. 5.2. Categories of different color patterns found in experimental shrimp PL such as

dark, grey-blue and pale.
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Color patterns of individual PL from different treatments was recorded from the
captured raw images. The shrimp displayed three different distinct colorations. These
were referred to as Dark (dark greenish-blue), Grey-blue and Pale (light
grey/transparent) (Fig. 5.2). The percentage occurrence of animals displaying these
three color variants was determined for each tank and used for comparison between

treatments.

Finally, a survey on color preference was done among shrimp producers, local
consumers and exporters. The producers were in turn divided into two groups:
mangrove farmers (who have naturally grown mangroves in their farms) and non-
mangrove farmers, making for a total of 4 groups. For each stakeholder categories, 25
persons were randomly selected for the survey. They were asked to indicate their
shrimp color preference and the reason of their color preference as well as their opinion
if color of fresh shrimp did or did not influence their client’s product appreciation, and

if so, for which reason.
2.5. Statistical analyses

All analyses were done using R version 4.0.2 (R Development Core Team, 2020). R-
packages used include onewaytests, car, ggplot2, multcomp, FSA, gmodels,
rcompanion, vcdExtra and PerformanceAnalytics. The assumptions of normality and
homogeneity were tested using Shapiro—Wilk test and Levene’s test (Dag et al., 2019).
A univariate analysis of variance (ANOVA) model was applied when a variable followed
the assumption of normality (John Fox and Sanford Weisberg, 2019), followed by the
Tukey multiple comparison test (Hothorn et al., 2008). The Kruskal-Wallis (K-W) test
was applied to a variable when transformations failed to give a normal distribution,
followed by the Dunn multiple comparisons test (Ogle et al., 2020). In both models,
‘feeding types’ were included as the independent variable, while an individual growth
metric (except color pattern) was incorporated as the dependent variable. Since ‘color
pattern’ is a categorical variable, Pearson's chi-squared was applied (Warnes et al.,

2018; Mangiafico, 2020) to explore the differences in body color among different
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feeding groups. A mosaic plot was made to display the color variation among different
feeding groups (Frinedly, 2017). In order to assess the relationship between growth
performance and plankton biomass (both phytoplankton and zooplankton), a

correlation test was performed (Peterson and Carl, 2020).
3.Results
3.1 Water quality

The analysis revealed significant differences in water quality parameters between
treatments except for the parameters DO and NO,-N (Table 5.1). Tanks receiving only
feed had significantly lower pH, BODs, phytoplankton and zooplankton biomass, and
higher TAN concentrations than the treatments that also received leaf litter (Table 5.1).
Among the leaf litter treatments, the highest BODs, phytoplankton and zooplankton
biomass was observed with Sa leaf litter, while these parameters were lowest with HF
leaf litter. Results with the Ao and Sc leaf litter treatments were not significantly
different for any of the water quality parameters except BODs (Table 5.1). The
temperature for all treatments ranged between 27.8 °C to 28.1 °C and did not differ

significantly between treatments.

It was not possible for us to identify phytoplankton to species level except for the green
algae Closterium tumidium. Most of the zooplankton could also only be identified to
genus level, except for the copepod Acartia tonsa. These two plankton species were
the numerically most abundant species of phytoplankton and zooplankton,

respectively.

101




Chapter 5

Table 5.1

Average water quality parameter values measured in shrimp PL rearing tanks during a
four-week culture period provided with leaf litter from four different mangrove species

and supplemental feed.

Feeding types P-
Water parameters S.EM
Ao-F Hf-F Sa-F Sc-F FO value
DO (mgL?Y) 5.36 5.34 5.35 5.34 5.38 0.01 ns
pH 7.87° | 7.87° | 7.92° | 7.90° | 7.77¢@ | 0.01 *k
BODs (mg L?) 2.37¢ 1.862 2.67¢ 2.15b 1.822 0.09 **
TAN (mg L?) 0.23? 0.27% 0.172 0.20° 0.50° 0.04 **
NO,-N (mg L?) 0.47 0.3 0.53 0.5 0.23 0.04 ns
Phytoplankton
Y P 21.72b 6.7% 25.0° 16.72b 4.8° 2.39 *
(inds. ml?)
Zooplankton (inds.
P i) ( 6.72b 5.0%b 8.3b 5.02b 4.82 0.53 *

Values are presented as means. Treatments with no letter in common are significantly
different (P < 0.05). P value is expressed as a symbol (P < 0.01: **; P < 0.05: *; ns: not
significant). Ao-F = Avicennia officinalis leaf litter and feed; Hf-F = Heritiera fomes leaf
litter and feed; Sa = Sonneratia apetala leaf litter and feed; Sc = Sonneratia caseolaris |leaf
litter and feed; FO= Feed Only.

3.2. Survival and growth of shrimp PL

At the end of the experimental period ( 28 days) there were significant differences ( P
< 0.05) in percentage survival between treatments where Sa-F had the highest survival
rate and Sc-F the lowest (Table 5.2). In terms of exoskeletal and growth related
parameters, analysis showed that PL in the FO treatment realized a smaller TL, BL, CL,
IWG and SGR than in other treatments. Among the leaf litter treatments, shrimp
cultured with Sa leaf litter performed best (Table 5.2).Though the TL reached by the PL
was similar for the treatment with Hf and Sc, the IWG and SGR were higher in the Sc-F

treatment than in the HF-F treatment (Table 5.2).
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Table 5.2

Shrimp performance observed in controlled condition in tanks with different leaf litter

mangrove species and supplemental feed.

Feeding types

Parameters P-

Ao-F | Hf-F Sa-F Sc-F FO S.E.M | value

Survival (%) 863 | 933 | gg4b 852 8geb 1.15 *
Total length (TL; cm) 2.77%¢ | 2,630 | 2.92¢ | 2.71° | 2.232 | 0.03 ok
Body length (BL; cm) 1.86 | 1.76 | 1.97° | 1.80° | 1.482 | 0.02 ok
Carapace length (CL; cm) 0.90%c | 0.86° | 0.95¢ | 0.91%¢ | 0.73% | 0.01 ok

Individual weight gain (IWG; g) | 0.32¢ | 0.25° | 0.37¢ | 0.30¢ 0.17° 0.01 ok

Specific growth rate (g bw d) | 14.9¢ | 14.0° | 15.4¢ | 14.7° | 12.7° | 0.09 o

Presented values are presented as means. Means in each rows sharing different

superscript letter are significantly different according to Tukey HSD test (P > 0.05). P value

is expressed as a symbol (P < 0.001: **; P < 0.05: *). Ao-F = Avicennia officinalis leaf litter

and feed; Hf-F = Heritiera fomes leaf litter and feed; Sa = Sonneratia apetala leaf litter and

feed; Sc = Sonneratia caseolaris |leaf litter and feed; FO= Feed Only.

The FCRin all treatments was very low, ranging between 0.20 and 0.46, and significantly
different between treatments. Shrimp in rearing tanks with leaf litter realized a better

FCR than animals in the FO treatment ( Fig. 5.3).
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0.5+

FCR

Ao-F Hf-F Sa-F Sc-F FO
Feeding types

Fig. 5.3. Feed conversion ratio (FCR) in different fed treatments. Values are means (+
SE) of three replicate. The bars in graph sharing the same superscript letter or
absence of superscripts are not significantly different (P > 0.05). Ao-F = Avicennia
officinalis leaf litter and feed; Hf-F = Heritiera fomes leaf litter and feed; Sa-F =
Sonneratia apetala leaf litter and feed; Sc-F = Sonneratia caseolaris leaf litter and

feed; FO= Feed Only.

3.3. Coloration

The relative frequencies of the three different body color categories differed between
treatments (Pearson's chi-squared test: x=95.46, P < 0.001). After the experimental
period, 100% of the shrimp in the FO treatment were pale colored which was a higher
percentage (P < 0.001) than for shrimp in the Hf-F (56%), Sc-F (47%), Sa-F (31%) or Ao-
F (22%) treatments (Fig. 5.4a). On the other hand, shrimp in the Ao-F treatment were
67% grey-blue colored (Fig. 5.4a) which was higher (P < 0.001) than the percentage of
grey-blue shrimp in the Hf-F (29%), Sa-F (29%) and FO (0%) treatments, and similar to
shrimp in the Sc-F treatment (49%), (P = 0.05). In the Sa-F treatment, 40% of shrimp
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had the dark body color, which was higher (P < 0.001) than the percentage of dark body
colored shrimp in the Hf-F (16%), Ao-F (11%), Sc-F (4%) and FO (0%) treatments (Fig.
5.4a). The most striking overall difference was between shrimp cultured with mangrove

and those without mangrove (FO) as the latter were uniformly pale in color (Fig. 5.4b).
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Fig. 5.4. (a-b): (a) The mosaic plot showing overall color variation among different
treatments. Numbers within each treatment bar within each color category indicate
the number of shrimp that were found in that particular color category for that
treatment. (b) Comparison of overall color of harvested juvenile shrimp reared with

feed and mangrove leaf litter.

3.4. Correlations between phenotypic characteristics and primary productivity
There were significant positive correlations among different physical and life history
parameters (Fig. 5.5). TL and WG were significantly and positively correlated with both

zooplankton and phytoplankton (Fig. 5.5).
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Fig. 5.5. Correlations between shrimp growth characteristics and the primary
productivity during the experiment. Here, the variables’ full names are: Total length
(cm); Weight gain (g); Phytoplankton (inds. ml). and Zooplankton (inds. ml) with the
values given on the x and y axes. Correlation coefficients (r) are indicated with numeric

values, while significance levels (P) are denoted by asterisks (*<0.05, **<0.01,

*%%20.001).
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3.5. Color preference by the stake-holders

The highest percentages of persons within each stakeholders category preferred dark

colored shrimp followed by grey-blue colored shrimp. No stakeholders gave preference

to pale colored shrimp (Table 5.3).
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Table 3

Outcomes of Pearson's chi-squared test to explore the preference of different

stakeholders for various fresh shrimp tissue color variations.

Percent of stake-holders preferred shrimp color
Stakeholders x> P
Dark Grey-blue Pale
MF 76 24 0 19.82 | <0.001
NMF 80 20 0 19.14 | <0.001
LC 52 48 0 21.15 | <0.001
Exporter 64 36 0 20.85 | <0.001

The values are presented as percentage means. MF: mangrove farmer; NMF : Non-
mangrove farmer; LC : Local consumer.

All of the queried exporters (100 %) indicated that shrimp color had an important effect
on selling price even though they did not give an indication of the magnitude of the
price difference between colored and pale shrimp. High percentages of mangrove
farmers (36 %) and local consumers (60%) also indicated that color influences price. In
contrast, 100% of non-mangrove farmers, 64% of mangrove-farmers and 40% of local

consumer said that color does not influence shrimp selling price (Fig. 5.6).

When asking how color could affect selling price, the majority of farmers did not
answer. However, all categories of stakeholders mentiond colored shrimp as a criteria
of freshness. The majority exporters associated darker colored shrimp to freshness,
while others considered dark color an indicator of organicly grown or higher buyer’s

demand (Fig. 5.7).
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Fig. 5.6. The perception of different stakeholder groups regrading the effect of fresh

shrimp color on product selling price. MF : Mangrove farmer; NMF : Non-mangorve

farmer; LC: Local consumer.
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Fig. 5.7. The responses by stake-holders regarding their reason of preference of darker

colored shrimp above pale shrimp.
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4. Discussion
4.1. Water quality

The experiment found significant differences between treatments for water quality
parameters. DO is one of the most important limiting factors for shrimp PL reared with
mangrove leaf litter (Nga et al., 2006). Mangrove leaf litter loading at excessive
concentrations depleted DO in the water of shrimp culture tanks (Hai and Yakupitiyage,
2005; Nga et al., 2006). However, mangrove leaf litter with aeration and at a loading
rate of 1 g L' did maintain a good DO level as observed by others (Alam et al., 2021a,

b; Hai and Yakupitiyage, 2005), as well as in this experiment.

The pH concentration in our experiment did not differ significantly between the various
leaf litter treatments, but was significantly lower in the FO treatment (Table 5.1). This
finding is consistent with some other studies (Deano and Robinson, 1985; Marschner
and Noble, 2000; Hai and Yakupitiage, 2005; Alam et al., 2021a, b, 2022) that
demonstrated that leaf litter can lower pH in shrimp culture. However, in all cases, the
pH ranged between 7.5 and 8.0 and did not adversely affect shrimp performance as it

was within the known safe operational range of 7.5-9.0 for shrimp PL ( FAO 1986).

In all treatment tanks, both TAN and NO,-N remained within acceptable limits (TAN: 1
mg /L; NO,-N: 0.5 mg L) as described by Banrie et al., ( 2012). The N-input load was
higher in leaf litter supplemented tanks than in FO tanks, which can be expected to
cause a higher release of TAN in leaf litter tanks. However, contrary to expectations,
the TAN concentration was higher in the FO treatment. We speculate that this may
have been due to the leaf litter stimulating the sequestration of ammonia into natural
food (plankton), thus lowering the TAN concentration in the water column (Ebeling et

al., 2006).

The higher nutrient loading in the leaf litter treatment tanks than in the FO treatment

tanks, supported the production of new biomass, likely by means of biofilm formation
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as described by Gatune et al. (2012, 2014) and affected BODs, pH, TAN and NO;-N

concentrations in the tanks (Alam et al., 2021a).

The nutrients released from decomposing leaf litter enhanced the shrimp culture food
web, as documented by presence of higher numbers of phytoplankton and zooplankton
in leaf litter treatment tanks than in FO treatment tanks (Alam et al., 2021a, b). Similar
to Alam et al. (2021a), tanks receiving Sa leaf litter had the highest concentrations of
both phytoplankton and zooplankton, while Hf leaf litter resulted in the lowest
concentrations of the four mangrove species studied (Table 5.1). The most abundant
phytoplankton species Closterium tumidium and zooplankton specie Acartia tonsa
identified in leaf litter treatments in this study were also identified by Alam et al.
(2021b) in a study with leaf litter of the same mangrove species. Closterium tumidium
and Acartia tonsa are further also known as common species in mangrove estuaries

(Schwamborn et al., 2002; Satpati et al., 2013; Magalhaes et al., 2015)
4.2. Shrimp PL survival, growth and coloration

Decomposing mangrove leaf litter is an important direct or indirect food to shrimp PL,
but an excessive loading rate can become detrimental (Hai and Yakupitiyage, 2005; Nga
et al., 2006). In our experiment, mangrove leaf litter at a loading rate of 1 g L™ did not

affect shrimp survival (see also Alam et al., 2021a).

The growth performance of shrimp PL in terms of IWG, SGR, TL, BL and CL was much
better with leaf litter than without leaf litter (Table 5.2), benefiting from synergy
between leaf litter and supplemental feed (Alam et al.,, 2021b). In the leaf litter
treatments, the highest performance in terms of TL, BL, CL, IWG and SGR was observed
in Sa-F treatment and the lowest in the Hf-F treatment. This has previously been
suggested to be associated with the higher BODs and rate of decomposition of Sa leaf
litter (Alam et al., 2021a), as microorganisms responsible for decomposition and biofilm
formation are an important natural food for shrimp PL (Gatune et al., 2012, 2014). The
higher number of phytoplankton and zooplankton in tanks with leaf litter and feed than

in FO tanks also supported the higher shrimp growth performance (Fig. 5.5) as these
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are known as nutritive natural foods in shrimp nursery system (Prochas-Corenjo et al.,

2010; Thong, 2017).

While similar to our results, the positive effects of mangrove leaf litter on shrimp have
been described before, most significant was that the present study revealed major
shrimp color differences between treatments. In our experiments, mangrove leaf litter
influence shrimp coloration besides growth performnace, whereas pelleted food alone
yielded only pale shrimp (Fig. 5.4 a, b). Possibly, carotenoids, especially astaxanthin,
and chlorophyllin chloroplasts of mangrove leaf litters (Dhankhar et al., 2012; Banerjee
et al., 2017; Cadiz et al., 2021) influenced the body color in shrimp (Wade, 2013;
Rodriguez et al., 2017). When consumed by larger zooplankton, like copepods, which
in turn are eaten by the shrimp, this enhanced shrimp color pigmentation (Ananthi et
al.,, 2011; de Carvalho and Caramujo, 2017). In contrast, the much lower levels of
natural phytoplankton and zooplankton developing in culture tanks fed only pelleted

feed gave little or no color to shrimp.

Among all different stakeholders interviewed, their response indicating shrimp with
dark color as evidence of organic and fresh shrimp and stimulating buyer’s demand
might add special value to promote the reintroduction of mangrove into the shrimp
culture systems. Shrimp labelled as organic are preferred by consumers (Paul and Vogl,
2012; Dhar et al., 2019), and a majority of consumers link vivid color to freshness and
paleness to lower quality (Parisenti et al., 2011). This means that mangrove leaf litter
not only enhances natural food availability to shrimp culture but will also results in
higher percentage of dark colored shrimp, which will be in higher demand because they
are more appealing to consumers. This can be used as additional incentive to help

promote mangrove-shrimp aquaculture.
5. Conclusion

Color, texture and flavor are all important determinants of seafood product quality and
value. Shrimp is a valuable export item and its growth performance and quality are

important. For the black tiger shrimp, P. monodon, one of the highest-priced shrimp
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species of the SE Asia shrimp industry, dark tiger-striping are a key product quality
criterion. At the same time, mangroves remain underutilized while leaf litter represents
a major opportunity for shrimp aquaculture (Alam et al. 20213, b, 2022). Therefore, the
present study underlines the importance of mangrove shrimp aquaculture co-
management, not only from an ecological point of view but also from an economic
point of view. Finally, with proper planning and controlled management, inclusion of
mangrove back into the culture system can help transform shrimp aquaculture towards

sustainability and help reconcile mangrove restoration with shrimp aquaculture.
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6. General Discussion

Mangrove leaf litter is a known potential source of nutrients for shrimp postlarvae (PL).
The release of nutrients and anti-nutrients from mangrove leaf litter plays an important
role in the bio-geochemical cycling in aquatic the environment and directly or indirectly
affects water quality and food availability in shrimp nursery systems. The nutrient
contribution of leaf litter depends on several factors, such as the mangrove species
concerned, the amount of nutrients and anti-nutrients contained in the litter, the
decomposition rate of the litter and finally the amount and way in which the litter is

applied in the shrimp nursery system.

6.1. Nutrient and anti-nutrient content in leaf litter of four studied mangrove species

relevant to mangrove-shrimp aquaculture

Mangrove leaves vary in organic and inorganic composition according to species, age
and environment (Basak et al., 1996, 1998; Gody et al., 1997 Tam et al., 1998; cited by
Hai et al., 2005). We found large and significant differences (P < 0.05) in the content of
C, N, P, tannins, phytate and saponin in leaf litter between the four tested mangrove
species (Chapter 2, Table 2.1). Chanda et al. (2016) identified the carbon and nitrogen
content (% DM) in leaf litter of the same species we studied (Chapter 2). Between the
two studies, the observed values were quite similar, be it with minor differences in
rankings (Table 6.1). In both studies, the highest carbon content was in H. fomes and
the lowest in S. apetala, whereas the highest N-content was in S. caseolaris and the
lowest in H. fomes. The ranking of the two intermediate-ranked mangrove species had
a different order in the two studies, but for these species, differences in carbon and
nitrogen content in leaf litter were small, making their rankings easily inter-changeable.
Also the C:N ratio followed a similar ranking pattern in the two studies, with the highest
C:N ratio in leaf litter of H. fomes (average C:N ratio 38) and the lowest in S. caseolaris
(C:N 18). The C:N ratio of the intermediate-ranked species A. officinalis and S. apetala,
were again very similar. Although the study locations are far apart, both are located in

the Sundarbans, where the climatological, geological, physical, biological and ecological
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conditions that are quite similar. More studies would be necessary to evaluate if results
will be similar with mangrove trees grown under highly different environmental and

bio-physical conditions.

In numerous aquaculture studies it has been suggested that a nutrient input with a high
C:N ratio is preferred, because it improves water quality and supports production
(Avnimelech, 1999; Kabir et al., 2020; Tinh et al., 2021). However, with mangrove leaf
litter this seems to not be the case. For instance, in Chapter 3 we found the highest
synergy between feeding and leaf litter application with S. apetala, a mangrove species
with an intermediate C:N ratio (Table 2.1). However, in the same experiment, the
lowest synergy was found for H. fomes, the mangrove species with leaf litter with the
highest C:N ratio. One possible explanation why the high C:N ratio of H. fomes
stimulated system performance less than leaf litter of mangrove species with a low C:N
ratio, might be the short 4-week duration of the experiment. With a longer duration of
the experiment and more time for decomposition (Chapter 2, 3), maybe H. fomes might

have been better able to stimulate the system’s performance.

Information in literature on anti-nutrient content in mangrove leaf litter has been very
limited. In Chapter 2, we report anti-nutrient concentrations showing higher
concentrations for tannin in comparison to saponin and phytate (Table 2.1). The tannin
content in leaf letter varied between species (1.7-1.8 % DM) which was lower than the
findings of Cundell et al. (1979) and Kristensen et al. (2008) who documented 6% tannin
on dry matter content basis in Rhizophora mangle leaf litter. This demonstrates that
tannin contents varies depending on the species. The phytate contents of all mangrove
species was studied in Chapter 2 (Table 2.1) and was also found to be lower than the
1.10% phytate content documented for Laguncularia racemosa leaves by Yahaya et al.
(2018).

Rout et al. (2015) studied tannin, phytate and saponin contents in the edible mangrove
fruits of Bruguiera gymnorrhiza, Rhizophora apiculata, Kandelia candel and Xylocarpus

granatum, and the values ranged respectively between 6-9 % DM, 0.005-0.006 % DM
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Table 6.1

Nutrients content in the leaf litter of four mangrove species in two different studies

(Alam et al., 2021a and Chanda et al., 2016).

Leaf litter
nutrient
content

Mangrove species

H. fomes

A. officinalis

S. caseolaris

S. apetala

Chanda

Alam

Chanda | Alam

Chanda

Alam

Chanda | Alam

Carbon (%
DM)

54 48

47 44.8

50

44.7

42 441

Ranking” C%
Alam

Ranking C%
Chanda

Nitrogen (%
DM)

1.3 14

191 2.01

2.5

2.8

1.87 1.98

Ranking N%
Alam

Ranking N%
Chanda

C:N ratio

41 36

25 223

20

16

23 223

Ranking C:N
Alam

Ranking C:N
Chanda

: Ranking from high (rank 1) to low values (rank 4).

and 2-3 % DM. The findings thus show that, fruits and propagules of some mangrove

species contain much higher amounts of tannin than leaf litter. In addition, the tannin

content in fruits depended on how ripe the fruit was (Kyraleou et al., 2017).

Nevertheless, the tannin content in mangrove leaves as well as litter fall rates and

decomposition rates need to be taken into consideration before selecting which species

and how many mangrove trees will be planted around a pond. Decomposing mangrove

leaf litter of Avecennia marina and Rhizopora apiculata caused mortality in P. monodon

culture tanks with no water exchange (Hai and Yakupitiyage, 2005; Nga et al., 2006;

Rejeki et al., 2019), suggesting that it is important to properly control the amount of
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mangrove leaf litter that can fall into ponds or is added to tanks. In this thesis, following
Hai and Yakupitiyage (2005) we provided leaf litter at the rate of 1 g L't and found that

it greatly improved the production in juvenile shrimp in tanks (Chapter 2 and 3).

6.2. Contribution of nutrients and anti-nutrients within decomposition period of four
weeks

It is important to know how fast mangrove leaf litter decomposes and nutrients and
anti-nutrients are consequently released into the culture medium or pond waters.
Decomposing organic matter provides organic and inorganic nutrients supporting
microbial activity (Wetzel, 1995). In Chapter 2, we observed that the decomposition
rate of leaf litter affects both the release of nutrients and anti-nutrients in the shrimp
culture tanks. The mangrove species with higher decomposition rates contributed
higher amounts of nutrients and anti-nutrients to the culture medium or pond waters
(Table 2.3). In addition, the composition of leaf litter has a strong influence on its
degradability and decomposition rate (Benner and Hodson, 1985). Moreover, the
decomposition rate and mass loss also differs between mangrove species, and within
species based on age, season and environment (Mishra and Kumar, 2016; Chanda, et
al., 2016; Hossain et al., 2014, 2011).

The fibre content in leaf litter was found to be negatively correlated to its
decomposition rate (Fig. 2.2). Therefore, the leaf litter species H. fomes with higher
fibre content was found with lower decomposition rate and contributed lower amount
of organic matter through mass loss in the PLs culture tanks (Table 2.1 and Table 2.3).
In addition, others have found that a lower crude fibre content in leaf litter, correlates
with a higher rate of mass loss during the initial stage of decomposition (Hossain et al.,
2011; lbrahim et al., 2010, 2008).

In our experiments there was a small drop in the N content of the leaf litter after a 4-
week decomposition period for all four mangrove species studied, in comparison to
freshly collected leaf litter (Table 2.1 and Table 2.2). This did not concur with Chanda et

al. (2016), who observed that the percentage of N increased slightly in the decomposed
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leaf litter biomass remaining after six weeks in the culture tank. Hossain et al. (2014)
who observed that the N content in leaf litter initially decreases and increases during
later stages. Whereas, initially nitrogen is released from decomposing organic matter
as our results indicate, at a later stage new growth of bacterial biomass immobilizes
nitrogen in the decomposing litter causing the N content to increase (Hossain et al.,
2014, 2011).

Little information is available on the accumulation of anti-nutrients to or their release
from mangrove leaf litter. Hai and Yakupitiyage (2005) identified higher amounts of
tannin (ranged 8.2-28.7 mg L?) in the water of leaf litter leachates of Rhizophora
apiculata, Avicennia officinalis, Excoecaria agallocha and Acacia auriculiformis in
experimental shrimp culture tanks, showing that it is important to control the input of

mangrove leaf litter in aquaculture rearing systems.

6.3. Effect of leaf litter on water quality
6.3.1 Effect of leaf litter on DO

Maintaining water quality needed for healthy growth and survival of culture organisms
in aguaculture systems receiving high nutrient inputs is challenging. To a large extent
this is because decomposition of excess food/feed input reduces oxygen content. To
avoid such problems in addition to possibly excess tannins, we kept the application rate
low at 1 g leaf litter L™ rearing volume applied at the start of our experiments. To avoid
oxygen depletion by bacteria decomposing the leaf litter, all experimental tanks were
aerated. At the applied loading rate of leaf litter and with oxygenation, the water
quality was found to remain suitable to culture during the tank experiments (Chapter
2, 3,4 and 5). Hai and Yakupitiyage (2005) observed that with a leaf litter loading above
0.5 g L the dissolved oxygen (DO) concentration in non-aerated rearing tanks was
significantly reduced, and negatively affected shrimp survival and growth. Nga et al.
(2006) also observed that the DO concentration dropped with a high input of mangrove

leaf litter to aerated or to non-aerated culture tanks, causing higher shrimp PL
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mortality. Ariyati et al. (2019) and Rejeki et al. (2019) did not observe any significant
change in the DO concentration with leaf litter (minced leaves and leachates) addition
in aerated experimental shrimp culture tanks (Table 6.2). Hence, mangrove leaf litter
can be used in shrimp culture systems to contribute to natural food production and
possibly to improve resilience to disease, but it is important to manage litter input rates
and to monitor the DO concentrations so as to be ready to intervene should DO

concentrations drop.
6.3.2 Effect of leaf litter on pH

When leaf litter is the only nutrient input during PL culture, we found the pH to remain
stable, and to not depend on the mangrove species used (Chapter 2, Table 2.4).
However, when leaf litter and feed were applied together, the pH decreased over time,
but the decrease in pH was not affected by which mangrove species was being used. A
similar gradual decline in pH was observed when only feed was applied (Chapter 3,
Table 3.3). However, when the leaf litter applied to fed tanks originated from a mix of
different mangrove species, the mangrove species mix did affect the pH (Chapter 4,
Table 4.4). While considering the others works, Hai and Yakupitiyage (2005) and Rejeki
et al. (2019) showed aeration and the loading rate of leaf litter interact in affecting the
pH, especially when the oxygen demand of the rearing system approaches the limits of
oxygen input into the system. The tendency for the pH to drop is (logically) more
pronounced in non-aerated systems. Even so, Ariyati et al. (2019) did not observe any
significant change in pH level in experimental water added with mangrove leaf litter.
This means that other factors, such as C:N ratio and CO; generation (Tinh et al., 2021),
nutrient accumulation over time or diurnal variations (Gobler et al., 2017), all can affect

organic matter decomposition rates and pH in aquatic systems.
6.3.3. Effect of leaf litter on BOD in water

BOD is commonly used as a proxy measure of the amount of bio-degradable material
in the water column. In all of our experiments we observed changes in BOD level over

time, especially in the treatments with leaf litter input. The positive correlation
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between BOD and decomposition of leaf litter as we found in our experiments (Fig.
2.2b) was fully to be expected (Chapter 2, 3 and 4). In addition, as the nutrient loading
due to feeding increased over time, the BOD in the water column also increased as is

common to aquaculture systems (Boyd, 2020).
6.3.4. Effect of leaf litter on TAN and NO»-N in water

During culture, the TAN concentration in fed treatments normally increases due to
ammonia release during digestion and decomposition of uneaten feed and faeces
(Dauda et al., 2019). Sometimes, a small amount of ammonia is also released during
decomposition of mangrove leaf litter which can raise the TAN concentration in the
rearing environment, especially in systems without water exchange (Rejeki et al., 2019;
Ariyati et al., 2019). However, to the contrary, as found in our results, when the sole
nutrient input was mangrove leaf litter (Chapter 2), the TAN concentration declined
faster when the decomposition rate of mangrove leaf litter was highest. This decline in
TAN concentration might have been due to a combination of three processes. The first
process is the conversion of TAN into NO; and subsequently into NO3 by autotrophic
bacteria. When this occurs the NO3 concentration rises and the pH gradually drops over
time. Unfortunately, NOs concentrations could not be measured during our
experiments, but during culture, the NO, concentration (which was measured) in all our
aerated tank experiments did increase (Eding et al., 2006). This concurred under high
DO concentrations maintained by aeration. Nevertheless, nitrite is also formed during
denitrification, but requires anoxic conditions (Nga et al., 2006). Such conditions can
still be found in aerated systems below the surface in suspended organic particles.
Therefore, the conversion of NOs3 into NO, due to denitrification (Wickins, 1976),
although most likely minor, might have been a second explanation for the increase in
NO, concentration as documented in our experiments (Lindholm-Lehto et al., 2020). A
third process, complicating the relation between nitrification and denitrification by

reducing the NO; concentration in aquatic systems is the process of anaerobic
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ammonium oxidation (anammox), in which nitrite and ammonium ions are directly

converted in diatomic nitrogen and water (Grossart et al., 2020; Tal et al., 2009).
6.3.5. Effect of leaf litter on the production of natural planktonic food

A fast decomposition rate of leaf litter concurred with a high phytoplankton
concentration in PL rearing tanks and pond water of our experiments (Fig. 2.2c). The
latter was due to the release of inorganic nutrients that stimulated phytoplankton
production and which directly contributed to PL nutrition. In natural aquatic systems,
phytoplankton is a high-quality food driving the algae-based food web which may
support more than 93% of the fish production, with bacteria and detritus driving the
rest of the production (Brett et al., 2017). In addition, particulate organic matter in the
water column may also provide additional micronutrients. An example of this would be
“biofloc” which is a mixture of live, senescent and dead microorganisms held together
in a polysaccharide matrix (Deng et al., 2021). Obviously, not all microorganisms
enhance growth. For example, dinoflagellates in juvenile shrimp rearing systems
receiving mangrove leaf litter and vegetable compost, were found to decrease shrimp

growth and survival (Ariyati et al., 2019).
6.4. The effect of leaf litter on shrimp PL performance

While mangrove leaf litter has demonstrable positive effects on shrimp culture, high
concentration of leaf litter in juvenile shrimp rearing systems should be avoided as it
might cause hypoxia or a high concentration of anti-nutrients (e.g. tannin) in the culture
water (Hai and Yakupitiyage, 2005; Nga et al., 2006). By determining the amount of
mangrove leaf litter that can be safely added to PL rearing systems prior to the start of
our experiments while also monitoring water quality, we were able to concentrate on
the benefits of mangrove leaf litter. Some studies providing insight into which
mangrove species and what concentrations of mangrove leaf litter can be conductive

to growth and PL survival are summarized in Table 6.2
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For all of our experiments, the concentration of plankton biomass based on different

mangrove species or mangrove species combinations is shown in Fig. 6.1.
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Fig. 6.1. (a-b): Plankton concentration in leaf litter treatment (1 g L?) tanks : (a) single species

of mangrove leaf litter and (b) combined species of mangrove leaf litter. Letter above bar in
graphs indicate significant differences (P < 0.05) among leaf litter types. Sa = Sonnerati

apetala; Sc= Sonneratia caseolaris; Ao= Avicennia officinalis ; Hf = Heritiera fomes.

The higher the decomposition rate of leaf litter the faster the shrimp grew (Chapter 2,

Fig. 2.2 ¢, d). Especially phytoplankton is very nourishing and vital to PL nutrition

(Thong, 2017). This was also evidenced in our experiments with the positive correlation

between the phytoplankton and shrimp weight gain (Chapter 2, 3, 4 and 5; Ariyati et

al,, 2019).

6.5 Synergistic effect of leaf litter on shrimp PL weight gain

In our experiments, the survival rate without any food or leaf litter (0%) and survival

rate with only leaf litter (75-82%) demonstrated the utility of leaf litter as a source of
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food. However, growth performance with only leaf litter was not satisfactory.
Commercially-formulated feed was a clearly more complete nutrient source for the PL
than mangrove leaf litter and a higher growth rate was realized based on the feed than
based on leaf litter alone (Table 3.2). However, the highest growth rate was realized
using a combined application of commercially formulated feed and leaf litter.
Apparently, natural food produced from the decomposition of leaf litter complemented
formulated feed synergistically and enhanced growth performances for shrimp
postlarvae in terms of weight gain (Table 3.2). The synergism in all the conducted
experiments was higher for the treatments with leaf litter demonstrating a higher
decomposition rate. This suggested that higher decomposition of leaf litter produced
higher amount of natural food which in turn supported higher growth performances to
the shrimp larvae. The decomposition of leaf litter and feed wastes enhanced the
release of inorganic nutrients (TAN, NO2, NOs, NH3, PO4, etc) nourishing the algae. The
algae are the food for zooplankton and both phytoplankton and zooplankton are

nutritive foods for shrimp PLs (Thong, 2017).
6.6. Mangrove leaf litter and FCR

We observed significant differences in FCR among the treatments in all four
experiments ( chapter 3, 4 and 5) depending on the application of leaf litter. Due to the
enhancement of the food web with mangrove leaf litter, shrimp weight gain due to the
resulting natural food lowered the FCR in all treatments. These findings signify that the
application of expensive formulated feed can be reduced in silvo-aquaculture thanks to
the input of mangrove leaf litter. Hence, the wise use of mangroves is shown to be an
efficient way to not only to save expenses for formulated feed but to also minimize

water quality problems caused by the decomposition of excess feed.
6.7. Necessity of proper silvo-aquaculture planning

Similar to many other studies, we were also able to demonstrate the positive impact
that mangrove leaf litter can have on shrimp performance. However, to achieve

positive effects, it is also clear that excessive leaf litter loading rates need to be avoided
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and might cause hypoxia for shrimp (Nga et al., 2006; Hai and Yakupitiyage, 2005).
Hence, proper planning and monitoring of water quality is needed when using
mangrove based silvo-aquaculture. According to Bosma et al., (2016; 2020), the nature-
based model of silvo-aquaculture will be more effective when the water replenishment
in the pond and the availability of natural food produced from the leaf litter input into

the pond are carefully monitored and regulated.
6.8. Recommendations for future research

Thesis outcomes can contribute to finetune silvo-aquaculture culture practices, by
choosing the right mangrove species and controlling the input of leaf litter in culture
systems. Additional research is needed to introduce silvo-aquaculture successfully in

terms of both ecological and economical points of view, some of which are:

(i) to identify the number of mangrove trees and the mangrove species coverage
proportion in shrimp culture ponds . This also need a clear guideline how to minimize

the load of organic matter entering the tank or pond;

(ii) to examine the long term effect of leaf litter during the full life cycle of shrimp so

that a clear description of the footprint can be made based on research findings;

(iii) to identify the length of time needed before newly planted mangrove can

contribute to shrimp production;

(iv) to identify the position of mangrove trees on the dike, on the central platform in

ponds or in a combination of both locations to get maximum benefit for shrimp;

(v) to integrate the research outcomes into a sustainable management strategy for

mangrove-shrimp aquaculture;
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6.9. Conclusion

Selection of mangrove species is very important to introduce mangrove-shrimp co-
management practices. Shrimp farmers might select Sonneratia apetala as a first choice
to introduce in their shrimp culture ponds following Avicennia officinalis, S. caseolaris
and Heritiera fomes in that order. While combining the four mangrove species, the
combination of S. apetala, A. officinalis and H. fomes was found with best performances
than other combinations. The leaf litter even with lower concentration and without
aeration showed 3 times higher growth performances in mesocosm condition in ponds.
We did not find major negative effects of fresh leaf litter input at a concentration of 1
g L'} (wet weight) on water quality in aeration tanks, but shrimp nursery in ponds looks
more promising, especially when developing aerated systems, allowing farmers to

increase production and raise income in a sustainable way.
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Summary

Summary

Intensification of shrimp farming has been identified as one of the main causes for
mangrove destruction in the coastal region of many countries. The idea to develop
mangrove-shrimp co-management was developed during the last decades of the 20t
century as an effort to help restore the mangrove ecosystem and make shrimp culture
sustainable. The present research is part of a broader effort to introduce silvo-
aquaculture, combining mangrove and shrimp, to Bangladesh. Mangrove- shrimp co-
management has very high potential from an ecological and economical point of view.
Mangrove leaf litter are shown to enhance shrimp production by enhancing natural
food production. In addition, the nutrient use efficiency of artificial feed is found to be
enhanced by providing leaf litter as extra nutrient source, a form of synergism between
natural and artificial feed. Therefore the main aim of this thesis is to assess the impact
of leaf litter from different mangrove species on pond performance, water quality and

natural food availability in mangrove shrimp nursery tanks and ponds.

First, the nutrient and anti-nutrient content in leaf litter of selected mangrove species
and their effect on shrimp performance were determined (Chapter 2). The observed
effects on post-larval shrimp differed between mangrove species, showing a clear
ranking of mangrove species in terms of their ability to enhance shrimp growth. Leaf
litter from different mangrove species, not only led to different concentrations of
plankton in the PL nursery tank system, but also correlated with shrimp growth

performance.

Chapter 3 explored possible effects of interactions between leaf litter from the four
chosen mangrove species and pelleted feed on shrimp growth and survival in shrimp
PL nursery tanks. Leaf litter and feed combined, resulted in a 21 to 33% higher weight
gain of shrimp PL than based on the additive contributions of only leaf litter or only
feed, indicating a synergistic effect of the two food sources on shrimp growth. Among
the different mangrove species tested, S. apetala (Sa; 23.1%) contributed the most to

total weight gain followed by A. officinalis (Ao; 21.6%), S. caseolaris (Sc; 21.6%) and H.
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fomes (Hf; 10%). The lower feed conversion ratio (FCR) (0.18-0.27) in the treatments
combining leaf litter and supplemental feed as compared to the feed-only treatment
(0.41) indicated that leaf litter (directly or indirectly by stimulating natural food
production) contributed to the nutrition of the shrimp. The observed synergistic effect
between supplemental feed and leaf litter is an opportunity for farmers to reduce

shrimp production costs and simultaneously raise benefits.

Chapter 4 explored the effect of different combinations of leaf litter from different
mangrove species on shrimp larval performance in tanks and small (mesocosm) ponds.
Three 3-mangrove-species and one 4-mangrove-species combinations of mangrove leaf
litter were tested. Under controlled conditions in tanks, mixed leaf litter and feed
resulted in 22 to 32% higher weight gain of PL than based on the additive contributions
of only leaf litter or only feed, indicating a similar synergistic effect of the two food
sources on shrimp growth as observed in Chapter 3 Although the nutrient input level
and PL stocking density in ponds were less than half the input or density in tanks, the
shrimp grew 3.5 times larger in the mesocosm ponds. The different combinations of
mangrove leaf litter employed influenced water quality and stimulated the production

of phytoplankton and zooplankton food, which allowed greater shrimp weight gain.

In Chapter 5, the effect of leaf litter on shrimp growth, color and product appeal to
farmers, exporters and local consumers was explored. The body color of shrimp not
exposed to leaf litter was lighter than of shrimp grown in tanks receiving leaf litter. The
majority of Sa-reared shrimp at harvest were significantly darker (P < 0.05) in body color
than larvae reared with leaf litter from other mangrove species. The shrimp body color
of shrimp not exposed to any leaf litter at all was lighter than of shrimp reared in
presence of all types of leaf litter tested. Within each category of shrimp value-chain
actors interviewed, more than 50% of respondents preferred dark colored shrimp, and
none preferred pale-colored shrimp. 100% from among exporters and local consumers,
respectively, 100% and 60% linked dark body color to higher price, while the opposite

was the case among non-mangrove farmers. Aside from production volume, mangrove
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Summary

leaf litter was found to strongly enhance the color properties and hence perceived
quality of black tiger shrimp to the consumer. Inclusion of mangroves in and along
shrimp culture ponds is recommended as a valuable way of improving both the
commercial profitability and sustainability of shrimp aquaculture in Bangladesh and

elsewhere.

Finally, in the general discussion (Chapter 6), the effectiveness of mangrove leaf litter
application in combination with pelleted supplemental feed in PL nursery systems is
reviewed against existing concepts and the functioning of mangrove-shrimp rearing

systems.
The main conclusion of the thesis are:

- Application of mangrove leaf litter contributes to individual growth and total
production in shrimp nursery systems.

- When applied at 1 kg m3 and 0.56 kg m3 culture volume in tanks and
mesocosm ponds, respectively, the anti-nutrient content in leaf litter does not
negatively impact shrimp performance.

- Crude fiber content strongly affects the decomposition rate of mangrove leaf
litter.

- Leaf litter decomposition at the described leaf litter loading rates releases
nutrients that stimulate plankton production, which in turn enhance the total
system performance of shrimp nursery systems.

- For the input range and culture duration, applied in this Thesis project, joint
application of supplemental pelleted feed and mangrove leaf litter created
synergy for a more than additive positive effect on shrimp growth.

- The traditional shrimp farmers in Bangladesh need to be introduced to and

trained in mangrove-shrimp co-management rearing techniques to ensure

they benefit from mangrove-shrimp aquaculture.

Overall, our results show that inclusion of mangroves in shrimp pond culture has great

as yet largely untapped potential to enhance pond productivity and make shrimp
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Summary

farming more environmentally sustainable. A paradigm shift is needed with respect to
mangroves vis-a-vis shrimp pond aquaculture. Whereas these areas today are largely
denuded of mangrove trees, these should be seen as valuable resource for the shrimp
farmer of which the leaves can serves as a healthy and inexpensive source of shrimp
food. Proper management of mangrove trees in and around shrimp ponds is an
opportunity with which to make shrimp farming more resilient, with important benefits

for the coastal communities and the coastal ecosystem.
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