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Abstract

The ipitial decomposition of large floating-leaved macrophytes, such as waterlilies, can be studied by
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Introduction

The decomposition of leaf bladgs of floating-leaved macrophytes commences when the leaves are
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The |phases of initial decomposition can be studied well in the floating leaf blades
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Responses of waterlilies fo attacks include replacing old Jeaves by new ones, shifting from
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Qquestions:_1) What are the causes and patterns of initial decomposition of floating leaves? 2)

/[ Deleted: research

What is the impact of each cause? 3),How does initial decomposition progress during the

Deleted: |

Deleted: the

season?

Materials and Methods

Sites

==

;\\‘{ Deleted:
Deleted: {

NI\ U N

Deleted: |

Deleted: |

Deleted: in 1977 and in 1988

Field research took place jn dense, nearly mono-specific stands of waterlilies in three different

Deleted: where dense, nearly mono-specific
waterlily stands occurred

/ | Deleted: ,

water bodies located in The Netherlands: Haarsteegse Wiel (HW), Oude Waal (OW) and VVoorste

Goorven (VG)_(Table 1), Three plots were laid out in stands of Nuphar lutea (L.) Sm. (HW and

// /{Deleted: ,
// Deleted: ,

/ Deleted: ,
/ Deleted: ,

OW.in 1977; VG_in, 1988), two plots in stands of Nymphaea alba L. (OW._in 1977; VG_in, 1988)

I
o)
o
@
[=d
@
Q

oin

/ Deleted: ne of these

Deleted: water bodies

and one plot in a stand of Nymphaea candida Presl (HW in 1977). The plots were accessed with a

Deleted: and thus

Deleted: no

small zodiac, which was navigated by gently paddling. Otherwise no, poating or navigation

Deleted: boat

Deleted: ,

occurred_in the water bodies, which prevented damage of the plants by propellers,etc,,

Deleted: , occurred.

Deleted: For the present study we used a small
zodiac with peddles to gently reach the plots.

Haarsteegse Wiel Jocated in the Province of Noord-Brabant originates from two

connected ponds created by dike bursts along the River Meuse, This js an isolated eutrophic

Deleted: (

Deleted: ; 51%3'05" N, 5°11'07" E)

water body with low alkalinity (Table 1). The water level fluctuates, depending on precipitation,

| Deleted: breakthrough

Deleted: in the past

Deleted:

t

groundwater [seepage and evaporation. Stratification of the water column occurs during summer,

Deleted: The
<« Formatted: Indent: First line: 1.27 cm

Deleted: s

_— Comment [mog9]: ok?

The lake bottom consists of sand and an organic layer with increasing thickness towards the

Deleted: D

Deleted: the

littoral zone. The waterlily beds are situated in the wind-sheltered part of the lake.

Deleted: period stratification occurs
Deleted: detritus

6

’***{ Deleted: border

o U A 0 0 JU U 0 0 U U U U U U U U L




307

308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

Oude Waal in _the Province of Gelderland, is a highly eutrophic_oxbow lake in the
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All leaves within the plots were inspected and measured at weekly intervals during the
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Results

Loss of leaf tissue tended to increase during the vegetation season (Table 2). In the more alkaline
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Dehydration. High winds, often lift floating leaves above the water surface and may flip them
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over. Subsequently, those leaves are exposed to air, particularly the leaf marging, leading to leaf
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Neverthless, the overall gffect on total leaf surface area was minimal. The plots at VG showed no
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appear on the upper side of the floating leaves as straight dark stripes (Fig. 19). The total effect
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Infection by phytopathogens, The leaves of Nuphar lutea were infected by the oomycete
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senescence and as cellulolytic and other pacteria and fungi colonize the leaf tissue (Howard-
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Williams et al., 1978; Robb et al., 1979; Rogers & Breen, 1981; Barnabas, 1992). Lb\utolysis\starts
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Subsequently, the damaged leaves offer food for non-specialized insects, pond snails, fungi,

/[ Deleted: already

oomycetes and microbes. Tissue loss as a consequence of microbial decay, js particularly

prominent.

Floating-leaved macrophyte stands in wjnd-sheltered Jocations were colonized by partially

Deleted: A

Deleted:

Deleted: ,

Deleted: tissue removal

different insect species and this led to different impacts than in wind-exposed plots, where

Deleted: very

Deleted: W

Deleted: plots

mechanical damage by wind and wave action was significant, |mpacts on floating leaves in acidic

Deleted: showed

Deleted: some

and more alkaline waters were also different.

Deleted: with

Deleted: and no

Of the causes of initial decomposition foundin th studies summarized here, only a few have

Deleted: compared to

Deleted: wind-exposed plots

significant impact on leaf damage and leaf loss. ldentified causes with hjgh impact were

Deleted: {
Floating leaves showed different i

Deleted: f

autolysis, microbial decay, jnfection by phytopathogens, consumption by pond snails and

Deleted: damage causes

Deleted: VG (Nuphar lutea and Nymphaea alba)
was acid in contrast to HW (Nuphar lutea and

mechanical damage.

Several fypes of succession of damage could be distinguished. Erosion of the wax layer and

Nymphaea candida) and OW (Nuphar lutea and
Nymphaea alba).

Deleted: of floating leaves that have been

Deleted: H

Deleted: causes a

damage by phytophagous insects were followed by cellulolytic bacteria, a fungus and oomycete,

Deleted:

Deleted: ic fungi

followed by snails and mechanical damage, followed by biotic causes lor decay or autolysis,

Deleted: forms

Deleted: or

Deleted:

followed by phytopathogens, or microbial decay, followed by tissue removal by snails. In the

Comment [mog47]: What is meant.

Deleted: or abiotic

more alkaline waters, this was followed by Jeaves breaking upor, in acidic water, by intact dead

Deleted:

C

Deleted: fungal

leaves sinking to,the bottom,

Deleted: normal

Deleted: T

Acknowledgements

20

Deleted: breaking up of

Deleted: in the case of alkaline water

Deleted: wards

Deleted: of intact dead leaves in the case of acid
water

WAVl /|

U G U JC U U JC O JC JC A U JC A U . U U U U U U L




1190

1191

1192

1193

1194

1195

1196

1197

1198

1199

1200

1201

1202

1203

1204

1205

1206

We thank M. Ankersmid, R. Kwak, R. de Mooij, H. Peeters, F. Verhoeven, V. Vintges and C.J.

/[ Deleted:

1

Kok for collecting field data, W. Lemmens for help with [data modelling, W.J. Metzger for

/[ Comment [mog48]: What is that?

English language corrections and Manuela Abelho and one anonymous reviewer for constructive

comments that jmproved the manuscript.

{://////{ Deleted:

remarks

References

Aragbn W, Reina-Pinto JJ, Serrano M. 2017. The intimate talk between plants and

microorganisms at the leaf surface. Journal of Experimental Botany 68(19): 5339-5350.

Barnabas AD. 1992. Bacteria on and within leaf blade epidermal cells of the seagrass

Thalassodendron ciliatum (Forskk.) Den Hartog. Aquatic Botany 43: 257-266.

Brock TCM, Huijbregts CAM, Van de Steeg-Huberts, Vlassak MA. 1982. In situ studies on the

breakdown of Nymphoides peltata (Gmel.) O. Kuntze (Menyanthaceae); some methodological

aspects of the litter bag technque. Hydrobiological Bulletin 16(1): 35-49.

21

\\"[ Deleted:

leading to the

Deleted:

ment

Deleted:

of

o




1212

1213

1214

1215

1216

1217

1218

1219

1220

1221

1222

1223

1224

1225

1226

1227

1228

Brock TCM, Van der Velde G. 1983. An autecological study on Hydromyza livens (Fabricius)

(Diptera, Scatomyzidae), a fly associated with nymphaeid vegetation dominated by Nuphar.

Tijdschrift voor Entomologie 126(3): 59-90.

Brock TCM. 1985. Ecological studies on nymphaeid water plants. Thesis. Catholic University

Nijmegen, 205 pp.

Brock TCM, Boon JJ, Paffen BGP. 1985. The effects of the season and water chemistry on the

decomposition of Nymphaea alba L. — weight loss and pyrolysis mass spectrometry of the particulate

organic matter. Aquatic Botany 22 (3-4): 197-229.

Conard HS. 1905. The Waterlilies. A monograph of the genus Nymphaea. The Carnegie Institute

of Washington, 279 pp.

Cotrufo MF, Ngao J, Marzaioli F, Piermatteo D. Inter-comparison of methods for quantifying

above-ground leaf litter decomposition rates. Plant and Soil 334 (1-2): 365-376.

22



1229

1230

1231

1232

1233

1234

1235

1236

1237

1238

1239

1240

1241

1242

1243

1244

1245

1246

Den Hartog C, Van der Velde G. 1988. Structural aspects of aquatic plant communities. In:

Symoens JJ, ed. Vegetation of inland waters. Handbook of vegetation science 15: 113-153.

Kluwer Academic Publishers, Dordrecht.

Franceschi VR, Nakata PA. 2005. Calcium oxalate in plants: Formation and function. Annual

Review in Plant Biology 56: 41-47.

Gaevskaya NS. 1969. The role of higher aquatic plants in the nutrition of the animals of fresh-

water basins. Volume 1, 1l and Ill. Published by National Lending Library for Science and

Technology, Boston Spa, Yorkshire, England. 629 pp.

Gluck H. 1924. Biologische und morphologische Untersuchungen {ber Wasser- und

Sumpfgewéchse. Vierter Teil: Untergetauchte und Schwimmblattflora. Verlag von Gustav

Fischer, Jena, 746 pp.

Howard-Williams C, Davies BR, Cross RHM. 1978. The influence of periphyton on the surface

structure of a Potamogeton pectinatus L. leaf (an hypothesis). Aquatic Botany 5: 87-91.

23



1247

1248

1249

1250

1251

1252

1253

1254

1255

1256

1257

1258

1259

1260

1261

1262

1263

Hutchinson GE. 1975. A treatise on limnology Vol. Ill-Limnological Botany. New York: John

Wiley & Sons, 660 pp.

Jacobs RPWM. 1982. Pythiaceous fungi associated with the decomposition of Nymphoides

peltata. Antonie van Leeuwenhoek-Journal of Microbiology 48: 433-445.

Klok PF, Van der Velde G. 2017. Plant traits and environment: floating leaf blade production and

turnover of waterlilies. PeerJ 5:3212; DOI 10.7717/peerj.3212.

Kok CJ, Van der Velde G, Landsbergen KM. 1990. Production, nutrient dynamics and initial

decomposition of floating leaves of Nymphaea alba L., and Nuphar lutea (L.) Sm.

(Nymphaeaceae) in alkaline and acid waters. Biogeochemistry 11: 235-250.

Kok CJ, Van der Velde G. 1991. The influence of selected water quality parameters on the decay

and exoenzymatic activity of detritus of floating leaf blades of Nymphaea alba L. in laboratory

experiments. Oecologia 88: 311-316.

24



1264

1265

1266

1267

1268

1269

1270

1271

1272

1273

1274

1275

1276

1277

1278

1279

1280

1281

Kok CJ, Hof CHJ, Lenssen JPM, Van der Velde G. 1992. The influence of pH on concentrations
of protein and phenolics and resource quality of decomposing floating leaf material of Nymphaea

alba L. (Nymphaeaceae) for the detritivore Asellus aquaticus (L.). Oecologia 91: 229-234.

Kok CJ. 1993. Decomposition of floating leaves of Nymphaea alba L. under alkaline and acid

conditions. Thesis Nijmegen. Ponsen & Looijen, Wageningen, 121 pp.

Kouki J 1993. Herbivory modifies the production of different leaf types in the yellow water-lily,

Nuphar lutea (Nymphaeaceae). Functional Ecology 7: 21-26.

Laanbroek HJ, Zhang QF, Leite M, Verhoeven JTA, Whigham DF. 2018. Effects of Rhizophora
mangle leaf litter and seedlings on carbon and nitrogen cycling in salt marshes — potential

cobsequences of climate-induced mangrove migration. Plant and Soil 426 (1-2): 383-400.

Lammens EHRR, Van der Velde G. 1978. Observations on the decomposition of Nymphoides
peltata (Gmel.) O. Kuntze (Menyanthaceae) with special regard to the leaves. Aquatic Botany 4:

331-346.

25


http://www.sciencedirect.com/science/article/pii/030437707890030X/pdf?md5=ed84b7a8c214a6304137c9da55632b6e&pid=1-s2.0-030437707890030X-main.pdf

1282

1283

1284

1285

1286

1287

1288

1289

1290

1291

1292

1293

1294

1295

1296

1297

1298

1299

1300

Lecerf A. 2017. Methods for estimating the effect of litterbag mesh size on decomposition.

Ecological Modelling 362: 65-68.

Luther H. 1983. On life forms, and above-ground and underground biomass of aquatic

macrophytes. Acta Botanica Fennica 123: 1-23.

Marquis RJ. 1992. Selective impact of herbivores. Chapter 13: In: Fritz RS, Simms EL, eds. Plant

resistance to herbivores and pathogens. Ecology, evolution, and genetics. The University of

Chicago Press, Chicago and London, 301-325.

Martinez FS, Franceschini C. 2018. Invertebrate herbivory on floating-leaf macrophytes at the

northeast of Argentina: should the damage be taken into account in estimations of plant biomass?

Anais da Academia Brasileira de Ciéncias 90(1): 12 pp. http://dx.doi.org/10.1590/0001-

3765201820170415.

Mueller UG, Dearing MD. 1994. Predation and avoidance of tough leaves by aquatic larvae of the

moth Paraponyx rugosalis (Lepidoptera, Pyralidae). Ecological Entomology 19(2): 155-158.

Osborne DJ. 1963. Hormonal control of plant death. Discovery 24: 31-35.
26



1301

1302

1303

1304

1305

1306

1307

1308

1309

1310

1311

1312

1313

1314

1315

1316

1317

Padgett DJ. 2007. A monograph of Nuphar (Nymphaeaceae). Rhodora 109 (937): 1-95.

Pappers SM, Van Dommelen H, Van der Velde G, Ouborg NJ. 2001. Differences in morphology
and reproduction traits of Galerucella nymphaeae from four host plant species. Entomologia

Experimentalis et Applicata 99: 183-191.

Riederer M, Muller C (eds). 2006. Biology of the plant cuticle. Annual Plant Reviews, Vol. 23.

Blackwell, Oxford, 438 pp.

Robb F, Davies BR, Cross R, Kenyon C, Howard-Williams C. 1979. Cellulolytic bacteria as

primary colonizers of Potamogeton pectinatus L. (Sago pond weed) from a brackish south-

temperate coastal lake. Microbial Ecology 5: 167-177.

Rogers KH, Breen CM. 1981. Effects of periphyton on Potamogeton pectinatus L. leaves.

Microbial Ecology 7: 351-361.

27



1318

1319

1320

1321

1322

1323

1324

1325

1326

1327

1328

1329

1330

1331

1332

Rogers KH, Breen CM. 1983. An investigation of macrophyte epiphyte and grazer interactions.
In: Wetzel, R.G. (ed.). Periphyton of freshwater ecosystems. Developments in Hydrobiology 17:

217-226.

Roweck H. 1988. Okologische Untersuchungen an Teichrosen. Archiv fir Hydrobiologie
Monographische Beitrdge Supplementband 81 (2/3): 103-358. Stuttgart: E. Schweizerbart’sche

Verlagbuchhandlung (Négele u. Obermiller).

Smolders AJP, Vergeer LHT, Van der Velde G, Roelofs JGM. 2000. Phenolic contents of
submerged, emergent and floating leaves of (semi-) aquatic macrophyte species. Why do they

differ? Oikos 91: 307-310.

Stenberg JA, Stenberg JE. 2012. Herbivory limits the yellow water lily in an overgrown lake and

in flowing water. Hydrobiologia 691: 81-88.

28


http://onlinelibrary.wiley.com/doi/10.1034/j.1600-0706.2000.910211.x/epdf

1333

1334

1335

1336

1337

1338

1339

1340

1341

1342

1343

1344

1345

1346

1347

1348

1349

1350

1351

Taketani R, Moitinho MA, Mauchline TH, Melo IS. 2018. Co-occurrence patterns of litter
decomposing communities in mangroves indicate a robust community resistant to disturbances.

PeerJ 6: article number e5710.

Van der Aa HA. 1978. A leaf spot disease of Nymphaea alba in the Netherlands. Netherlands

Journal of Plant Pathology 84: 109-115.

Van der Velde G. 1980. Studies in nymphaeid-dominated systems with special emphasis on
those dominated by Nymphoides peltata (Gmel.) O. Kuntze (Menyanthaceae). Thesis. Catholic

University Nijmegen, 163 pp.

Van der Velde G, Van der Heijden LA, Van Grunsven PAJ, Bexkens PMM. 1982. Initial
decomposition of Nymphoides peltata (Gmel.) O. Kuntze (Menyanthaceae), as studied by the

leaf-marking method. Hydrobiological Bulletin 16 (1):51-60.

Van der Velde G., Peelen-Bexkens PMM. 1983. Production and biomass of floating leaves of
three species of Nymphaeaceae in two Dutch waters. Proceedings International Symposium on

Aquatic Macrophytes, Nijmegen, 18-23 September, 1983, 230-235.

29



1352

1353

1354

1355

1356

1357

1358

1359

1360

1361

1362

1363

1364

1365

1366

1367

1368

Van der Velde G, Van der Heijden LA. 1985. Initial decomposition of floating leaves of
Nymphoides peltata (Gmel.) O. Kuntze (Menyanthaceae) in relation to their age, with special
attention to the role of herbivores. Verhandlungen der Internationalen Vereinigung fir

theoretische und angewandte Limnologie 22: 2937-2941.

Van der Velde G, C.P.C. Custers & M.J.H. de Lyon 1986. The distribution of four nymphaeid species in
the Netherlands in relation to selected abiotic factors. Proceedings European Weed Research
Society/Association of Applied Biologists 7th Symposium on Aquatic Weeds, 1986 (Loughborough):

363-368.

Van der Velde G, Hiddink R. 1987. Chironomidae mining in Nuphar lutea (L.) Sm.

(Nymphaeaceae). Entomologica Scandinavica Supplement No. 29: 255-264.

Van der Velde G., Kok CJ, Van Vorstenbosch HIWT. 1989. Bagous rotundicollis, new for The

Netherlands, feeding on waterlily leaves (Coleoptera: Curculionidae). Entomologische Berichten,

Amsterdam 49: 57-60.

30



1369

1370

1371

1372

1373

1374

1375

1376

1377

1378

1379

1380

1381

1382

1383

1384

1385

1386

Vergeer LHT, Van der Velde G. 1997. The phenolic content of daylight-exposed and shaded

floating leaves of water lilies (Nymphaeaceae) in relation to infection by fungi. Oecologia 112:

481-484.

Wallace JB, O’Hop, J. 1985. Life on a fast pad — Waterlily leaf beetle impact on water lilies.

Ecology 66 (5): 1534-1544

Wesenberg-Lund C. 1943. Biologie der Susswasserinsekten. Gyldendalske Boghandel. Nordisk

Forlag, Kopenhagen und Verlag J. Springer, Berlin. Wien, 682 pp.

Wieder RK, Lang GE. 1982. A critique of the analytical methods used in examining

decomposition data obtained from litter bags. Ecology 63 (6): 1636-1642.

/[ Deleted: |

Wiersema JH. 1987. A monograph of Nymphaea subgenus Hydrocallis (Nymphaeaceae).

Systematic Botanical Monographs 16: 1-112.

Zhang G, Yao R. 2018. The spinescent aquatic plants in the Yangtze Delta, East China. Israel

Journal of Plant Science 65 (1-2): 9-16. http://dx.doi.org/10.1080/07929978.2017.1279440.

31


http://link.springer.com/content/pdf/10.1007%2Fs004420050335.pdf

1388
1389
1390

1391
1392
1393
1394

Table 1. Characteristics of the three study sites in The Netherlands to investigate the initial

decomposition of floating-leaved macrophyte leaves.

Formatted Table

Comment [mog49]: Better “pond,” | suppose?

Formatted

Formatted

Deleted: (m)

Deleted: Breakthrough lake

Deleted: Oxbow lake

Characteristic

Haarsteegse Wiel (HW)

Oude Waal (OW)

Voorste Goorven (VG)

Formatted

Type of water body

Breakthrough lake

Oxbow lake with three
breakthrough ponds

Moorland pool

Deleted: with...nd 6-7 mthree breakthrough ponds

Deleted: Moorland pool 2 m

Location 5L4305" N, 501107 E | 51%51'13" N, 5%5335" E 51°33'53" N, 5°12'26" E Deleted: (_.inte and spring)
Area (ha) 18 25 5 Deleted: Yes (

Maximum depth, Jd7m 1.5 mand 6-7m, 2m y

Water level fluctuations | Low High inwinter and spring, Low Formatted

Stratification Jn summer, thermocline at | No No Deleted: |

4-6m,

Hydrology

Precipitation, gvaporation,

Precipitation, gvaporation,

Precipitation,evaporation,

Deleted: /...vaporation, 1

2jalalala)a/ 83N alal BWE a3l B3l

(D

lgroundwater seepage] LUpward groundwater seepage, | upward groundwater Deleted: /...vaporation, {
Jiver pverflow seepage, Deleted: /...vaporationf

Surrounding vegetation | Trees, shrubs, reeds Grassland Forest Formatted
Wind and wave action Low Moderate Moderate 5 " SHE o
Bottom Sand, prganic (sapropel), Sand, clay,organic (sapropel), | Sand, prganic (sapropel), omment [mogS0]: Also upward?
Trophic state, Eutrophic Highly eutrophic Oligotrophic Comment [mog51]: Groundwater ok in all cases?
Alkalinity (mmolL")* |15 4.36.7, £0.01-0.07, Deleted: {
pH, 7.1-8.5 6.7-8.3 4.755 Deleted: Direct environment
Sampling year 1977 1977 1988
Macrophyte species, Nuphar lutea, (1.5 m) Nuphar lutea, (1.5 m) Nuphar lutea, (2. m) Deleted: bushes
(water depth of plot) Nymphaea candida, (2.5 m) | Nymphaea albg, (1.5 m) Nymphaea alba, (2 m) Deleted: Meadows

*From Brock, Boon & Paffen (1985) and Kok, Van der Velde & Landsbergen (1990).

32

Formatted

Formatted

Deleted: /

Formatted

Deleted: ium

Formatted

Deleted: /...clay, /

Formatted

Deleted: ium

Formatted

Deleted: /

Formatted

Deleted: ium

Deleted: us

Comment [mog52]: Correct?

Deleted: Chemical characteristics:{

Formatted

Deleted: {

Formatted

Deleted: {

Deleted: {

Deleted: {

Deleted: {

Formatted

Formatted

Deleted: S...pecies,...

Deleted:

Deleted: ,

SEEBEE113118111631EElElElliieilsllisuss




1495
1496
1497

1498
1499
1500
1501

Table 2. Summary characteristics of floating-leaved macrophyte stand in three small water bodies of

The Netherlands.
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