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Authors: Dandan Duan, Dainan Zhang, Yu Yang, Jingfu Wang, Jian ‘an Chen, and Yong Ran* 6 
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 8 

Dear Editor: 9 

 10 

We’d like to appreciate you and three reviewers very much for the helpful and thoughtful 11 

comments on our manuscript. We have carefully revised the manuscript according to your 12 

suggestions and the reviewers’ comments. The point-by-point responses are written in blue 13 

color. For your convenience, the annotated version of the manuscript is loaded with the final 14 

version of the manuscript. We sincerely appreciate your consideration.  15 

 16 

With best regards, 17 

 18 

Dr. Yong Ran  19 

 20 

 21 

--------------------------------------------------------------------------------------------------------------------- 22 

Anonymous Referee #1: 23 

 24 

Duan et al., have collected sediment cores from three tropical reservoirs in South China and 25 

analyzed them for the neutral carbohydrates along with algal organic matter (AOM) content, 26 

carbon isotopic composition, and elemental C/N ratios. Based on these data, they investigate 27 

the source, composition and diagenesis of the neutral carbohydrates and their relationships 28 

with the history of algal productivity induced by climate change over the last 60 years. This 29 

manuscript presents interesting results and requires minor revision before it can be accepted 30 

for publication. The following comments might help authors in their revising: 31 

 32 

1. First, the manuscript needs some cohesive discussion to emphasize more on the 33 

combination uses of carbon isotopic composition, pyrolytic organic parameters and 34 

carbohydrates composition. 35 

 36 
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Response:  37 

      We have added some cohesive discussion on the interrelationship and combination 38 

uses of the carbon isotopic composition, pyrolytic organic parameters and carbohydrates 39 

composition.  40 

      As shown in the Table S4, positive correlations between corrected δ13C values, 41 

hydrogen index (HI), monosaccharide contents of algal origin, and five- year moving average 42 

temperature (T5) were only observed in ZT core. The corrected δ13C at LA and XFJ cores 43 

showed no relationship with other productivity parameter (HI) and T5 even though the corrected 44 

δ13C were enriched in the upper layers of LA core. This may result from the effects of organic 45 

matter degradation and variable terrestrial inputs, etc. on the carbon isotopic composition (δ13C) 46 

at mesotrophic and oligotrophic reservoirs (LA and XFJ). However, the HI parameter and algal 47 

monosaccharide contents showed the same changing trends, and were positively correlated 48 

with T5 at each of the reservoirs. Thus, the pyrolytic organic parameter and monosaccharide 49 

contents were more reliable for reconstructing of historical productivity in subtropical reservoirs.  50 

       In general, the corrected carbon isotopic composition could reflect the history of total 51 

productivity in one of the sediment cores. However, it is also affected by natural 52 

biogeochemical processes and anthropogenic activities. The pyrolytic organic parameter was 53 

observed to be specific to the type of NOM (e.g. algal NOM) and could help to distinguish the 54 

relative contribution of algae and higher plant to the NOM. By applying the molecular proxy of 55 

monosaccharides, the sources and detailed information of sedimentary organic matter can be 56 

provided. Therefore, the combination uses of these parameters are strongly recommended, 57 

which can help us to better understand the historical changes of past aquatic productivity and 58 

environment in the subtropical regions. 59 

 60 

2. Second, the correlation between air-temperature changes in South China over 60 years and 61 

the trend in organic parameters of the three studied lakes is interesting. This part might be 62 

worth exploring in the future. Thus, a research outlook could be given by the authors. 63 

 64 

Response:  65 

       We have added an outlook of research on the correlation of air temperature changes 66 

and organic parameters.  67 

       Elevated air-temperature could be the main driving factor in increasing productivity in 68 

Arctic lakes and some subtropical reservoirs. Sedimentary organic matter and their biomarker 69 

proxies of historical productivity are important to investigate the relationship between historical 70 

productivity and air-temperature variation. However, sedimentary organic matter comes from a 71 
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variety of sources, including planktonic algae, terrestrial higher plants, zooplankton, organic 72 

detritus, black carbon, and so on. Moreover, most of organic matter is degraded during settling 73 

and post diagenesis. 74 

       Therefore, it is challenging to find the appropriate indicators for primary production in 75 

aquatic ecosystems. More works need to be done in this field on specific organic matter proxies 76 

of productivity. Meanwhile, multiple biomarker proxies are also needed to trace the source and 77 

type of NOM and to rule out the impact of human activities. Moreover, compound-specific 78 

isotope ratios, fractionations, and biodegradation products of biomarkers (e.g. neutral sugars, 79 

lipids) can provide more information of algal organic matter in aquatic ecosystems. 80 

Furthermore, the mechanism and modeling of relationships between air-temperature and algal 81 

organic matter parameters are worth to be exploited and established.  82 

 83 

Specific comments/questions: 84 

Line 24: The “single neutral carbohydrate” should be replaced by “monosaccharide”, please 85 

correct it all throughout the text. 86 

 87 

Response: We have changed “single neutral carbohydrate” to “monosaccharide” throughout 88 

the text according to your suggestion. 89 

 90 

Line 47: The lowercase delta notation for isotopes should be italics. Please correct these all 91 

throughout the text. 92 

 93 

Response: We have changed the lowercase delta to italics throughout the text according to 94 

your suggestion. 95 

 96 

Line 94: The isotopic values are reported relative to the V-PDB Belemnite Standard, not just 97 

PDB. 98 

 99 

Response: We have changed the “PDB” to “V-PDB Belemnite Standard” in the manuscript 100 

according to your suggestion. 101 

 102 

Line 108: Is the “AC 5OW-X8” right? According to the Michael’s paper in 2015, the cation resin 103 

should be “AG 50W-X8”. 104 

 105 
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Response: We have changed the “AC 5OW-X8” to “AG 50W-X8” in the manuscript according 106 

to your suggestion. 107 

 108 

Line 243: “Fig. 3” should be “Fig. S3”. 109 

 110 

Response: We have changed the “Fig. 3” to “Fig. S4” in the manuscript according to your 111 

suggestion. 112 

 113 

Line 355: “Fig. S8” should be “Fig. S4”. 114 

Response: We have changed the “Fig. S8” to “Fig. S5” in the manuscript according to your 115 

suggestion. 116 

 117 

 118 

------------------------------------------------------------------------------------------------------------------------------- 119 

Anonymous Referee #2: 120 

 121 

This paper by Duan et al. compared organic matter characteristics (δ13C, C/N) and 122 

monosaccharide distributions in sediment cores from three lakes with different depths (3 m, 17 123 

m, and 36 m) and trophic states (mesotrophic vs. oligotrophic). 124 

 125 

The neutral sugar data is nicely presented and discussed in the context of source and changes 126 

in productivity and climate, making this a useful addition to the field. However, connections 127 

between the carbon isotopic data and the neutral sugars are not clear in the text though 128 

correlation between them is mentioned in the abstract and displayed in table S4. The 129 

manuscript would benefit from expanding on the utility of combining these types of 130 

measurements rather than discussing the data and their implications separately. After revising 131 

this and the minor (but numerous) issues below, I would recommend the paper for publication 132 

in Biogeosciences. In addition to these comments, the manuscript should be checked carefully 133 

for small grammatical errors such as missing or incorrect articles and singular/plural 134 

subject/verb issues. 135 

 136 

Response:  137 

      We have added some paragraphs and cohesive discussions on the correlation analysis 138 

and utility of combining these parameters and biomarkers. The differences and similarity of the 139 
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corrected carbon isotopic composition, pyrolytic organic parameters and carbohydrate 140 

compositions have been presented and discussed. Please see the response to Reviewer 1. 141 

              The corrected carbon isotopic composition is a good indicator of aquatic 142 

productivity in some of aquatic ecosystems. Pyrolytic organic parameters could differentiate 143 

algal organic matter and terrestrial organic fractions. Monosaccharides compositions and some 144 

of the monosaccharide ratios are appropriate proxies for identifying the specific sources and 145 

types of NOM, which can be used to reflect the historical change of productivity in aquatic 146 

ecosystems. 147 

 148 

 149 

Minor comments: 150 

- pg 2, lines 44-48: Phytoplankton is plural so the verbs should be ‘remove,’ ‘deplete,’ 151 

and ‘discriminate.’  152 

 153 

Response: We have changed the “removes”, “depletes”, and “discriminates” to “remove”, 154 

“deplete”, and “discriminate” in the manuscript according to your suggestion. 155 

 156 

Line 48 should be values. 157 

 158 

Response: We have changed “value” to “values” in the manuscript according to your 159 

suggestion. 160 

 161 

- pg 2, line 52: O’Reilly et al. (2005) 162 

 163 

Response: We have added “et al.” before “(2005)” in the manuscript according to your 164 

suggestion. 165 

 166 

- pg 2, line 53: Verburg reference should be 2007 167 

 168 

Response: We have changed “2006” to “2007” in the manuscript according to your suggestion. 169 

 170 

- pg 2, line 55: It is not clear what ‘it’ in this sentence is referring to, please revise 171 

 172 

Response: The “it” stands for “the δ13C values in the reservoir sediment in the Pearl River 173 

Delta”. We have revised it in the manuscript according to your suggestion. 174 
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 175 

- pg 3, line 58: Kirk et al. (2011) 176 

 177 

Response: We have added “et al.” before “(2011)” in the manuscript according to your 178 

suggestion. 179 

 180 

- pg 3, lines 66-67: Typo, add ‘in’ after ‘help’; also ‘Besides’ is not correctly used here, 181 

please revise 182 

 183 

Response: We have added “in” after “help” in the manuscript according to your suggestion. 184 

We have changed “Besides” to “Moreover” in the manuscript according to your suggestion. 185 

 186 

- pg 4, line 94: is this actually V-PDB? 187 

 188 

Response: Yes, it is “V-PDB”. We have revised it in the manuscript according to your 189 

suggestion. 190 

 191 

- pg 4, line 94: from where is ‘Product ID: GBW 04408’ sourced? 192 

 193 

Response: The product was purchased from National Research Center for Certified 194 

Reference Materials (NRCRM), China. We have added the source of the product in the 195 

manuscript. 196 

 197 

- pg 4, lines 107-113: Michael et al., 2015 is not listed in the references 198 

 199 

Response: The “Michael et al., 2015” is incorrect. We have revised it to “Philben et al., 2015” 200 

in the citations throughout the manuscript. 201 

 202 

- pg 6, line 192: Also not clear what ‘it’ refers to in this sentence, please clarify 203 

 204 

Response: The “it” stands for “phytoplanktons”. We have clarified "it" in the manuscript 205 

according to your suggestion. 206 

 207 

- pg 7, line 243: In this section (and in a few other places throughout the manuscript) 208 

the monosaccharide names are strangely capitalized? 209 
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 210 

Response: monosaccharide names should not be capitalized. We have revised them 211 

throughout the manuscript according to your suggestion. 212 

 213 

- pg 8, line 281: Hernes et al. (1996) 214 

 215 

Response: We have added “et al.” before “(1996)” in the manuscript according to your 216 

suggestion. 217 

 218 

- pg 8, line 292: Keil et al. (1998) 219 

 220 

Response: We have added “et al.” before “(1998)” in the manuscript according to your 221 

suggestion. 222 

 223 

- pg 9, line 308: Should be no ‘et al.,’ for Handa, 1969 reference 224 

 225 

Response: We have deleted the “et al.,” before "(1969)" in the manuscript according to your 226 

suggestion. 227 

 228 

- pg 9, line 316: Another unclear ‘it’ usage, please revise 229 

 230 

Response: The “it” stands for “the k values of deoxy S/C5 in ZT, LA and XFJ sediments are 231 

low”. We have clarified “it” in the manuscript according to your suggestion. 232 

 233 

- pg 9, line 329: Gasse et al. should be 1991 as listed in the references 234 

 235 

Response: We have revised “2001” to “1991” in the citation according to your suggestion. 236 

 237 

- pg 9, lines 331-332: The use of ‘algae-dominated’ and then ‘usually dominated in : : : algaes’ 238 

is redundant. Additionally, the wording of ‘dominated in’ as a verb is grammatically incorrect 239 

(perhaps ‘are usually dominant in’?) and ‘algaes’ is plural without the ‘s’ 240 

 241 

Response: We have deleted the “algae-dominated”. We will change “dominated” to “dominant”. 242 

We will change “algaes” to “algae” in the manuscript according to your suggestion. 243 
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 244 

- pg 9, line 332: should be Haug and Myklestad, 1976 245 

 246 

Response: We have revised “Haug et al., 1976” to “Haug and Myklestad, 1976” in the 247 

manuscript according to your suggestion. 248 

 249 

- pg 9, line 334: typo ‘: : : the a: : :’; remove either ‘the’ or ‘a’ 250 

 251 

Response: We have deleted “the” in the manuscript according to your suggestion. 252 

 253 

- pg 10, line 340: the / between ‘no/or’ is not needed; alternatively the ‘or’ could be 254 

removed (‘no/weak correlations’) 255 

 256 

Response: We have revised “no/or correlations” to “no/weak correlation” in the manuscript 257 

according to your suggestion. 258 

 259 

- pg 10, line 367: this should be changed to ‘neutral sugars : : : are’ 260 

 261 

Response: We have changed “is” to “are” in the manuscript according to your suggestion. 262 

 263 

- pg 11, line 379: change ‘are’ to ‘is’ 264 

 265 

Response: We have changed “are” to “is” in the manuscript according to your suggestion. 266 

 267 

- pg 11, line 385: insert ‘the’ before ‘last six decades’ 268 

 269 

Response: We have inserted “the” before “last six decades” in the manuscript according to 270 

your suggestion. 271 

 272 

- Figure 1: Is it possible to use the same scale for all three isotope profiles? Perhaps 273 

with a range from -28 to -18 so that the reader can easily compare the three sites 274 

visually 275 

 276 

Response: Yes, it is. We have changed them to same scale for all three isotope profiles in the 277 

manuscript according to your suggestion. 278 



9 
 

 279 

- Figure 2: The concentration range on the x-axis is quite large for the data, making 280 

it difficult to see variations with depth. Aside from the single outlier in the LA glucose 281 

profile, could these be changed to more appropriate ranges for the data? 282 

 283 

Response: Yes, it is. We have changed these to more appropriate ranges for the data in the 284 

manuscript according to your suggestion. 285 

 286 

- Borch et al. 1997, Gu et al. 2004, Kaiser and Benner 2000, Marchand et al. 2008, 287 

Philben et al. 2015, Mopper et al. 1992, Ran et al. 2007, and Wakeham et al. 1997 288 

are listed in the references but not cited in the text. 289 

Response: The revisions have been made according to your suggestion: 290 

1) We have deleted “Borch et al. 1997” in the reference  list. 291 

2) “Gu and Schelske, 2004” should be “Gu et al., 2004”, we have revised it in the citation 292 

throughout the manuscript. 293 

3) Page 4, line 115: “Kaiser and Benner 2009” should be “Kaiser and Benner 2000” , we have 294 

revised it in the manuscript. 295 

4) We have deleted the “Marchand et al. 2008” in the reference list. 296 

5) The “Michael et al., 2015” should be “Philben et al., 2015”, we have revised it in the citation 297 

throughout the manuscript. 298 

6) We have deleted “Mopper et al. 1992” in the reference list. 299 

7) We have deleted “Ran et al. 2007” in the reference  list. 300 

8) We have deleted “Wakeham et al. 1997” in the reference  list. 301 

 302 

 303 

 304 

 305 

 306 

 307 

 308 

 309 

 310 

 311 

 312 

 313 
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--------------------------------------------------------------------------------------------------------------------- 314 

 315 

Anonymous Referee #3: 316 

 317 

Duan et al. obtained a very nice, enriched, dataset including neutral sugars and other 318 

parameters in three subtropical reservoirs. Based on the concentrations and composition of the 319 

neutral sugars, isotope values of TOC, and C/N ratios, they investigated source and diagenesis 320 

pathways of sedimentary organic matter (SOM). They concluded that the dominant source of 321 

SOM was phytoplankton in the ZT, LA and upper XFJ reservoirs, and there was not much 322 

degradation of carbohydrates downward in the sediment cores. Also, there seems to be a nice 323 

correlation between temperature and the levels of carbohydrates over the past 60 years. I think 324 

this paper would be of interest to the community and worthy of being published,  325 

(1) but I have issues with the way they presented, too broad and without a clear focus. The 326 

authors discussed a lot of possible sources and phytoplankton among different reservoirs, but 327 

they did not even mention why different patterns, ZT and LA vs. XFJ, were observed,. In 328 

addition, some of the conclusions are very speculative. Overall, I do not feel this paper is ready 329 

without a major revision. 330 

 331 

Reponses:  332 

We have made some revisions on the discussion in order to refine a clear focus:  The 333 

combined uses of neutral sugars, carbon isotopic composition, and pyrolytic organic 334 

parameters are recommended for reflecting the historical changes of productivity in subtropical 335 

reservoirs. They can also be used for investigating climate change effects on algal productivity 336 

in these reservoirs. 337 

We also added detailed discussions on the causes and reasons for the possible sources 338 

among different reservoirs. They are related not only to inputs of algae and plant, and bacteria, 339 

but also to historical changes of hydrological conditions, nutrient level, anthropogenic activities, 340 

and so on. 341 

 342 

 343 

(2) The section of Materials and Methods needs more work. They need to include the 344 

information about measuring the sedimentation rate and pyrolysis. I know they have these in 345 

the Duan et al. 2015 paper, but these should be briefly described, since they use those data in 346 

the Results section and you can’t force the audience to read your other paper. It is unclear how 347 

many cores they collected. In other words, how representative are these cores to the whole 348 
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reservoirs. If these systems have been impacted by human activities, such as dredging, 349 

sediments in these reservoirs can be very heterogeneous. 350 

 351 

Reponses:  352 

We have added the measurements for the sedimentation rate and pyrolysis according to 353 

your suggestion.  354 

 355 

We have sampled 2 or 3 cores for each reservoir, and each of the sediment cores were 356 

collected in the center of the reservoir. Moreover, the reservoirs are mainly supplied by rainfall, 357 

and are far away from the industrial center. The aquaculture is forbidden, and there are no 358 

dredging activities in the investigated areas. 359 

 360 

 361 

(3) A main issue with the manuscript is the lack of focus on the discussion. They talked about a 362 

lot of difference topics, but it was written like a result section with titles like, “OM characteristics”, 363 

“Monosaccharide composition”, “Source of neutral carbohydrates”, and so on. In other words, it 364 

reads more like a data report rather than a research paper. 365 

 366 

Reponses: 367 

The object of this study is to validate the combined uses of the carbon isotopic composition, 368 

pyrolytic organic parameters, and neutral sugars as the potential proxies for historical changes 369 

of productivity in subtropical reservoirs and their relationships with the climate changes in the 370 

investigated areas. 371 

The section of “OM characteristics” was written for the applicability of pyrolytic organic 372 

parameters as algal proxies. Both “Monosaccharide composition” and “Source of neutral 373 

carbohydrates” sections were compiled for the applicability of neutral sugars as algal proxies in 374 

the investigated areas. We have made some revisions to emphasize a clear focus according to 375 

your suggestion. 376 

 377 

 378 

 379 

Specific comments: 380 

 381 

Line 43: “offer” 382 

 383 
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Reponses: We have changed “offers” to “offer” in the manuscript according to your 384 

suggestion. 385 

 386 

Line 49: delete “and impacted” 387 

 388 

Reponses: We have deleted the “and impacted” in the manuscript according to your 389 

suggestion. 390 

 391 

Line 54: any evidence about the Suess effect would be particularly stronger in the industrialized 392 

areas such as Pearl River Delta? I would assume this should be about the same worldwide 393 

considering the fast CO2 mixing in the air. 394 

 395 

Reponses: With rapid economic and industrial development in the Pearl River Delta, the local 396 

lakes and reservoirs is more easily affected by the Suess effect due to the high-emssion of CO2 397 

even though the CO2 mixing is fast in the air. However, there is no data for the Suess effect in 398 

this area. Therefore, we have made some revisions on the description of the Suess effect in the 399 

manuscript according to your suggestion. 400 

 401 

Line 127: awkward wording, should be “productivity significantly contributed to dissolved 402 

oxygen content” 403 

 404 

Reponses: We have changed “the important role of oxygen content in the growth of 405 

productivity” to “productivity significantly contributed to dissolved oxygen content” in the 406 

manuscript according to your suggestion. 407 

 408 

Line 130: nutrients levels are always higher in the deeper depth. What do you mean 409 

by “be brought” to deeper depths”? 410 

 411 

Reponses: During winter, the top layers of the lake have relative higher levels of productivity, 412 

and the bottom layers have higher contents of nutrient. Moreover, the water column mixes from 413 

top to bottom in the lake due to the decrease in temperature (so-called autumn overturn). 414 

Therefore, the relative high contents of nutrients can be transported by the water flow to the 415 

upper depths, resulting in the increase of nutrients and productivity in the entire water column. 416 

We have made some revisions in the manuscript according to your suggestion. 417 

 418 
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Line 136: again, describe the pyrolysis 419 

 420 

Reponses: We have added the instruction and description of pyrolysis in the manuscript 421 

according to your suggestion. 422 

 423 

 424 

Line 193-196: have to be careful about the C/N ratios. Decomposition of terrestrial organic 425 

matter can decrease C/N ratios, not necessarily source related. This has been well 426 

documented in composting studies. Also, the C/N ratios of 3 in the XFJ upper layers should be 427 

interpreted in a more careful way. I don’t think you can simply say “algal origin”, because C/N 428 

ratios fresh algae are typically about 6-7, and even pure bacterial biomass typically have C/N 429 

ratios of 4. It is not very clear how you would get SOM with such low C/N ratios 430 

 431 

Reponses: The very low C/N ratios are likely to be related to inorganic N in minerals. As the 432 

TOC contents are quite low in XFJ, their inorganic N contents will affect the C/N ratios. We 433 

have discussed this effect in the revised manuscript. 434 

 435 

 436 

Line 200: the removal of CH4 (
13C light) should lead to the accumulation of 13C heavy SOM 437 

 438 

Reponses: We have changed “The removal of 12CH4 by intensive methanogenesis also leads 439 

to the accumulation of 13C-depleted OM” to “the removal of CH4 (
13C light) should lead to the 440 

accumulation of 13C heavy SOM” in the manuscript according to your suggestion. 441 

 442 

Line 214-216: too speculative. The DO level you mentioned refers to the water, not sediment. I 443 

think the major OM decomposition in these OM-enriched sediments is through anaerobic 444 

pathway, unless you have DO profile data in sediment cores. 445 

 446 

Reponses: We have deleted the speculative part and rewrite the paragraph in the manuscript 447 

according to your suggestion. 448 

 449 

 450 

 451 
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Line 270: it’s interesting to note the correlations between Zn and Cu and carbohydrates. I think 452 

more data analysis is needed, such as the contents of Zn and Cu in algae and how they trace 453 

metal got preserved, etc. It’s not enough to simply have a correlation and then argue they were 454 

from phytoplankton. For example, it could have been sourced from industry contamination.  455 

 456 

Reponses: We don’t have Zn and Cu data in algae from the investigated areas. However, the 457 

Pb contents in the sediments of these reservoirs are very low, suggesting that there is no or 458 

little industry contamination in investigated areas. 459 

 460 

 461 

Section 4.4. When the individual carbohydrates are normalized to TOC, I don’t think there is 462 

much a decreasing trend at all (Table S2). In other words, carbohydrates simply are not good 463 

indicators of digenesis. This section should be strongly condensed.  464 

 465 

Reponses: We have condensed the section 4.4 in the manuscript according to your 466 

suggestion. More investigations are needed to understand the fractions and degradation 467 

products of neutral carbohydrates. 468 

 469 

Section 4.5. This section is interesting, but still at a speculative stage. Issues why we would 470 

expect carbohydrate increase, such as increased phytoplankton production or decomposition 471 

of SOM under warmer climate? 472 

 473 

Reponses: We have observed significant correlations among T5 temperature and a few of 474 

algal monosaccharides in the investigated reservoirs. Moreover, each of these 475 

monosaccharides is positively and significantly related to algal parameters (e.g. HI and S2). 476 

However, the diagenesis processes of neutral sugars and OM are estimated to be quite slow in 477 

the bottom sediments. Some fractions could be selectively preserved and remained unchanged 478 

during the post deposition. Therefore, the productivity proxies derived from some of the neutral 479 

sugars could be significantly related to the climate warming. 480 

 481 

 482 

 483 

 484 

 485 

 486 
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Abstract. 501 

Neutral carbohydrates along with algal organic matter (AOM) content, carbon isotopic composition, and elemental C/N 502 

ratios were investigated in three sediment cores of various trophic reservoirs in South China. Neutral monosaccharides, 503 

AOM, and carbon stable isotope ratios were determined by high-performance anion-exchange chromatography, Rock-Eval 504 

pyrolysis, and Finnigan Delta Plus XL mass spectrometry, respectively. The carbon isotopic compositions were corrected via 505 

the Suess effect. The concentrations of total neutral carbohydrates (TCHO) range from 0.51 to 6.4 mg/g at mesotrophic 506 

reservoirs, and from 0.83 to 2.56 mg/g at an oligotrophic reservoir. Monosaccharide compositions and diagnostic parameters 507 

indicate a predominant contribution of phytoplankton in each of the three cores, which is consistent with the results inferred 508 

by the corrected carbon isotopic composition and C/N ratios. The sedimentary neutral carbohydrates are largely structural 509 

polysaccharides and, thus, are resistant to degradation in the sediments. Moreover, the monosaccharide single neutral 510 

carbohydrate content is highly related with the carbon isotopic composition, algal productivity (hydrogen index), and 511 

increasing mean air temperature during the past 60 years. The nutrient input, however, is not a key factor affecting the 512 

primary productivity in the three reservoirs. The above evidence shows that neutral carbohydrates have been significantly 513 

elevated by climate change even at low latitude regions. 514 

1  Introduction 515 

Carbohydrates are the most abundant compounds in the biosphere, and they are present in the natural environment as 516 

both structural and storage compounds of aquatic and terrestrial organisms, comprising about 20–40 wt% of plankton 517 

(Parsons et al., 1984), more than 40 wt% of bacteria (Moers et al., 1993), and more than 75 wt% of vascular plants (Moers et 518 

al., 1993). Due to their high biological reactivity and availability, carbohydrates are preferentially utilized by heterotrophic 519 

organisms (e.g., bacteria and fungi) during transport of organic matter from water columns to underlying sediments (Hernes 520 

et al., 1996; Khodse et al., 2007), resulting in the preservation of more refractory structural carbohydrates in sedimenting 521 

particles (Cowie and Hedges, 1994; Burdige et al., 2000; Jensen et al., 2005; He et al., 2010). Moreover, the compositional 522 

signature of structural carbohydrates depends more on planktonic sources than the diagenetic pathway (Hernes et al., 1996). 523 

Thus, although carbohydrates exhibit different degrees of degradation, some structural fractions are selectively preserved and 524 

their compositions are mostly unchanged, which can be used as a powerful tool for elucidating sources, deposition processes, 525 

and diagenetic fates of organic matter (OM) in aquatic environments (Cowie and Hedges, 1984; Moers et al., 1990; Hicks et 526 

al., 1994, Meyers, 1997; Unger et al., 2005; Aufdenkampe et al., 2007; Skoog et al., 2008; Khodse and Bhosle, 2012; 527 

Panagiotopoulos et al., 2012). 528 

Carbon isotope analyses in sedimentary OM offers offer an important tool for reconstructing the history of nutrient 529 

loading and eutrophication in lacustrine sediments (Schelske and Hodell, 1991; 1995). Phytoplankton preferentially 530 

removesremove dissolved 12CO2 from epilimnetic water and depletes depleted 12C in the remaining dissolved inorganic 531 

carbon (Hodell and Schelske, 1998). As supplies of 12CO2 become diminished, phytoplankton discriminates discriminate less 532 

against 13C and sinking OM, incorporating more 13CO2. Therefore, increased or decreased productivity can be reflected by 533 

enriched or depleted values of δ13C in OM from the underlying sediments. However, during recent years, the δ13C value 534 

values in atmospheric CO2, water column, and sedimentary OM have been significantly diminished and impacted by the 535 

Suess effect (Schelske and Hodell, 1995), which is defined as the change in the abundance of carbon isotopes (14C, 13C, 12C) 536 

in natural OM reservoirs due to anthropogenic activities (e.g., fossil fuel combustion) (Keeling, 1979). Thus, the Suess effect 537 

needs to be considered when applying δ13C in lacustrine sediments as a proxy for aquatic productivity. Although O’Reilly et 538 

al. (2005) had not corrected for the Suess effect in the heterotrophic Lake Tanganyika in Africa, Verburg (20062007) found 539 

that the corrected δ13C values were used as a productivity proxy. In the Pearl River Delta (PRD), the development of 540 
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industrialization and urbanization could enhance the high-emssion of CO2Suess effect  during recent years. Hence, the δ13C 541 

values of reservoir sediments in the PRD it needs to correct for the Suess effect.  542 

Several studies have shown that climate warming plays a significant role to algal productivity by using the S2 proxy in 543 

the Arctic lakes during recent decades (Outridge et al., 2005; Outridge et al., 2007; Stern et al., 2009; Carrie et al., 2010). 544 

However, Kirk et al. (2011) investigated 14 Canadian Arctic and sub-Arctic lakes and found that the relationship between 545 

the S2 proxy and climate warming was irrelevant. In addition, only limited investigations have focused on the impact of 546 

global change on aquatic productivity in subtropical lakes (Hambright et al., 1994; Smol et al., 2005). Therefore, the above 547 

observations call for more investigations on the effects of trophic levels, early diagenesis, and sources of organic matter on 548 

the relationship between algal productivity and climate warming.  549 

For this investigation, subtropical reservoirs in rural areas having different trophic states were chosen. Our purpose is to 550 

assess the source and diagenetic state of the carbohydrates, and their relationship with algal productivity in sediment cores 551 

by using carbohydrate compositions combined with Rock-Eval parameters, carbon isotopic composition, and elemental C/N 552 

ratios. In addition, trace metals data (Cu and Zn) cited from our previous paper (Duan et al., 2014) are used to help in 553 

understanding the source of carbohydrates. BesidesMoreover, neutral carbohydrates and recorded temperature data were 554 

statistically analyzed to explore the effects of climate warming on the historical variations of neutral carbohydrates in 555 

subtropical regions over the last four decades. 556 

2  Materials and Methods 557 

2.1  Study area and sample collection 558 

Zengtang reservoir (ZT), Lian’an reservoir (LA), and Xinfengjiang reservoir (XFJ) with different depths and trophic 559 

states were chosen for this investigation. The reservoirs are mainly supplied by rainfall and are far away from the industrial 560 

center. AThe aquaculture is forbidden and there is no dredging activities are forbidden in the investigated reservoiresareas. 561 

The detailed description of the study sites are shown in the previous literature (Duan et al., 2015). In brief, ZT is a shallow, 562 

polymictic reservoir with a mesotrophic level, whereas LA is a deep and mesotrophic reservoir. XFJ is a deep and 563 

oligotrophic reservoir. Both LA and XFJ are monomictic reservoirs. The most abundant algal species in the ZT, LA, and 564 

XFJ reservoirs are green algae, cyanophyta, and diatoms. 565 

Undisturbed sediment cores were collected from the central part of the studied lakes using a 6 cm diameter gravity corer 566 

with a Plexiglass liner in 2010 and 2011. The water depths for the sampling sites at ZT, LA, and XFJ reservoirs are 3 m, 17 567 

m, and 36 m, respectively. The core liners were put down slowly in order to avoid disturbance. The sediment cores were 568 

sliced into 2 cm thick intervals using extrusion equipment. It is noted that the top four slices of the ZT core were merged into 569 

two intervals (0–4 cm and 5–8 cm) due to the insufficient amount of sample for neutral sugar analysis. All subsamples were 570 

immediately placed in plastic bags, sealed, and stored at low temperature (0–10 °C), and then were quickly transported to the 571 

laboratory, where they were freeze-dried and stored until further analysis.  572 

2.2  Physicochemical properties in water 573 

Vertical and temporal variation of chlorophyll a, dissolved oxygen, and temperature in the water column of the LA 574 

reservoir were recorded by a CTD-90M probe (Sea & Sun Technology, Germany) in increment mode, which enables us to 575 

carry out a great number of profile records in the field (Fig. ure S1 in the supporting data). For the XFJ reservoir, the 576 

physicochemical record was conducted only in March 2014. The lack of data from the ZT reservoir is due to its 577 

reconstruction after the sediment core sampling. 578 

 579 
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2.3  Rate of sedimentation 580 

    Each sliced sample was analyzed for 210Pb and 137Cs radiometric dating (Duan et al., 2015). Briefly, the activities of 581 
210Pb and 137Cs were measured by S-100 Multi Channel Spectrometer (Canberra, USA) with a PIPS Si detector and a 582 

GCW3022 H-P Ge coaxial detector, respectively. Excess 210Pb activities were measured by subtracting the average 210Pb 583 

activities of deeper layers in sediment cores and the constant rate of supply dating model (CRS) were used for the calculation 584 

of chronology and sedimentation rates. 585 

2.4  Rock-Eval analysis 586 

All of the samples were analyzed by Rock-Eval 6 (Vinci Technologies, France). The detailed procedures were reported 587 

in the previous literature (Duan et al., 2014; Duan et al., 2015). Briefly, bulk sediment was firstly pyrolyzed in an inert, 588 

O2-free oven (100–650 °C) and secondly combusted in an oxidation oven (400–850°C). Several parameters such as S1, S2, 589 

S3, residue carbon (RC) and total organic carbon (TOC) can be generated by flame ionization detector (FID) and infrared 590 

spectroscopy (IR). S1 and S2 represent the fractions of hydrocarbons (HC) released during the pyrolysis step, where S3 was 591 

derived from the fractions of CO and CO2 released during the two procedures. The residue carbon after combustion defined 592 

as RC and the sum of the generated organic fractions is TOC. The hydrogen index (HI) and oxygen index (OI) are calculated 593 

by normalizing the contents of S2 and S3 to TOC 594 

2.5  Stable carbon isotopic analysis 595 

Samples were initially decarbonated by the moderate HCl solution, and then the stable carbon isotopic composition was 596 

measured by a Finnigan Delta Plus XL mass spectrometry. The δ13C values (‰) were given by the equation below： 597 

δ13C (‰) = (Rsample/Rstandard−1) × 1000 598 

where R is the 13C/12C ratio and the standard is the V-Pee Dee Belemnite. Black carbon (Product ID: GBW04408, National 599 

Research Center for Certified Reference Materials, China) was used as the reference standard for the determination of 600 

accuracy and precision. The precision of δ13C for the replicates was < 0.19‰±0.12 (n = 40).     601 

Measured values of δ13C were corrected for the Suess effect with the following polynomial equation (Schelske and 602 

Hodell, 1995), where t is time (in yr):  603 

δ13C (‰) = −4577.8 7.3430t − 3.9213 × 10-3t2  6.9812 × 10-7t3  604 

The calculated time-dependent depletion in δ13C induced by fossil fuel combustion since 1840 was subtracted from the 605 

measured δ13C for each dated sediment section. 606 

2.6  Neutral sugar analysis 607 

Sediment samples (about 5 mg) from the three reservoirs were weighted and hydrolyzed in glass ampules with 12 M 608 

H2SO4 for 2 h at room temperature. After nine milliliters of Milli-UV + water were added (1.2 M H2SO4, final concentration 609 

of acid), the ampules were flame-sealed and the samples were stirred and hydrolyzed in a 100 °C water bath for 3 h. The 610 

hydrolysis was terminated by placing the ampules in an ice bath for 5 min. Then, the deoxyribose was added as the internal 611 

standard (PhilbenMichael et al., 2015). Before instrumental analysis, the samples were run through a mixed bed of anion 612 

(AG 2-X8, 20–50 mesh, Bio-Rad) and cation (AC AG 505OW-X8, 100–200 mesh, Bio-Rad) exchange resins 613 

(PhilbenMichael et al., 2015). Self-absorbed AG11 A8 resin was utilized to remove the acid. The volume of resin needed for 614 

complete neutralization depended on the amount of acid used for hydrolysis (PhilbenMichael et al., 2015). After purification 615 

and desalting with a mixture of cation and anion exchange resins, neutral sugars were isocratically separated with 25 mM 616 

NaOH on a PA 1 column in a Dionex 500 ion chromatography system, which was equipped with a pulsed amperiometric 617 

detector (PAD) detector (model ED40) (PhilbenMichael et al., 2015). The detector setting was based on Skoog and Benner 618 
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(1997). Chromatographic data were recorded with a personal computer equipped with Hewlett Packard Chemstation 619 

software (Skoog and Benner, 1997; Kaiser and Benner, 20092000).   620 

For every ten analyses, a blank sample and a duplicate sample were analyzed to check accuracy and precision. No 621 

neutral sugars were detected in the blanks. Only glucose, galactose, mannose, rhamnose, fucose, and xylose were detected 622 

and analyzed in samples due to the loss of ribose in the process of acid hydrolysis. The recovery of the monosaccharides in 623 

the sediments ranged from 73% to 95%. The analytical precision of duplicate samples performed on different days was 624 

within ±3% for glucose and ±5% for other sugars. In this study, the total neutral carbohydrates (TCHO) are defined as the 625 

sum of all identified monosaccharides. 626 

3  Results  627 

3.1  Physicochemical properties of water 628 

As shown in Fig. ure S1 in the supporting data, chlorophyll a concentrations in the water column of LA are higher in 629 

spring and summer than in fall and winter, which is consistent with the seasonal distribution of the content of dissolved 630 

oxygen. The vertical profiles of chlorophyll a and dissolved oxygen also show similar patterns; depleted dissolved oxygen in 631 

the hypolimnion accompanies low content of chlorophyll a throughout the year, suggesting the productivity significantly 632 

contributed to dissolved oxygen contentimportant role of oxygen content in the growth of productivity. In general, the 633 

bottom sediments in LA are mostly under anaerobic conditions. Water temperature is higher in summer and fall, resulting in 634 

thermal stratification in the water column. During winter, the lake mixes from top to bottom due to the decrease in 635 

temperature (so-called autumn overturn). Therefore, the relative high contents of nutrient can be transported by the water 636 

flow to the upper depths, resulting in the increase of nutrient and productivity in the entire water columeThe nutrient can be 637 

brought to deeper depths and may increase the productivity in the entire water column. 638 

The concentration of chlorophyll a (average: 0.94 μg/L) in the water column of XFJ is much lower than that in LA. The 639 

oxygen content varies from 9 mg/L at a depth of 1 m to 8.54 mg/L at a depth of 36 m (Fig. ure S1 in the supporting data), 640 

suggesting the bottom sediments are under aerobic conditions. 641 

3.2  Characteristics of OM 642 

The data from Rock-Eval pyrolysis are listed in Table S1 in the supporting data, which were reported previously (Duan 643 

et al., 2015). As shown in Table S1, pyrolytic parameter S1 and S2 represent the fractions of hydrocarbons (HC) released 644 

during the pyrolysis step, where S3 was derived from the fractions of CO and CO2 released during the pyrolysis and 645 

oxidation procedures. The hydrogen index (HI) is calculated by normalizing the contents of S2 to TOC (Duan et al., 2015). 646 

TOC and hydrogen index (HI) are in the ranges of 0.78–2.98 and 114–231 mg HC/g TOC, respectively, in the ZT core; in 647 

the ranges of 0.88–4.31 and 151–229 mg HC/g TOC, respectively, in the LA core; and in the ranges of 0.47–1.76 and 648 

141–196 mg HC/g TOC, respectively, in the XFJ core. In general, the HI values are enriched in the surface layers of all the 649 

sediment cores. 650 

δ13C values (‰) range from 22.2‰ to 21.6‰ in the ZT core, from 26.4‰ to 24.1‰ in the LA core, and from 651 

27.2‰ to 23.1‰ in the XFJ core, with the average values of 21.9‰, 25.4‰, and 24.9‰, respectively (Fig.ure 1). 652 

After the correction for the Suess effect, δ13C values (‰) vary from 21.7‰ to 19.9‰ in the ZT core, from 5.1‰ to 653 

23.9‰ in the LA core, and from 25.5‰ to 22.9‰ in the XFJ core, with the average values of 20.8‰, 24.6‰, and 654 

24.1‰, respectively (Fig.ure 1). 655 

Elemental C/N ratios vary from 3.51 to 9.34 in the ZT core, from 4.12 to 14.7 in the LA core, and from 2.3 to 10.1 in 656 

the XFJ core, with the mean values of 5.56, 8.15 and 5.14, respectively (Fig.ure 1). 657 
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The detailed results from 210Pb and 137Cs radiometric dating was reported previously (Duan et al., 2015). The mass 658 

accumulation rates (MAR) were cited and displayed in the Table S1 in the supporting data. As the ZT, LA, and XFJ 659 

reservoirs had been small lakes before the dam construction, the chronological records for the ZT, LA, and XFJ cores are 660 

longer than the time scales of the dam construction.  661 

3.3  Neutral sugar data 662 

The concentrations of seven monosaccharides (glucose, galactose, mannose, arabinose, rhamnose, fucose, and xylose) 663 

are presented in Figure 2, and Figure S2, and/or listed in Table S2 in the supporting data. Glucose (0.2–2.34 mg/g) is the 664 

most abundant sugar in all the reservoir sediments, followed by galactose (0.09–1.2 mg/g), mannose (0.03–0.92 mg/g), and 665 

xylose (0.01–0.95 mg/g). Concentrations of arabinose (0.05–0.77 mg/g), rhamnose (0.04–0.67 mg/g), and fucose (0.02–0.43 666 

mg/g) are relatively low in the reservoir sediments. The TCHO concentrations at the ZT, LA, and XFJ reservoirs range from 667 

1.94 to 5.36 mg/g, from 0.51 to 6.4 mg/g, and from 0.83 to 2.56 mg/g, respectively, and show decreasing downcore trends in 668 

all the sediment cores. Carbohydrate yield (%) is the molar concentration of monosaccharide carbon normalized by TOC. 669 

Carbohydrate yield (%) ranges from 7.08 to 10.9% in the ZT core, from 2.31 to 13.53% in the LA core, and from 1.93 to 670 

12.52% in the XFJ core, with average values of 8.68%, 7.79%, and 7.33%, respectively (Fig.ure 3). 671 

Compositions of neutral sugars in the three sediment cores are calculated based on their concentrations. Glucose 672 

(21.1–27.6 mol%) is the most abundant monosaccharide, followed by mannose (14–21.5 mol%), galactose (14.7–18.7 673 

mol%), arabinose (10.7–17.1 mol%), rhamnose (11–12.9 mol%), xylose (8.8–10.1 mol%), and fucose (3.2–7.2 mol%) in the 674 

ZT sediments. Glucose (22.2–37.4 mol%) is also the most abundant monosaccharide, followed by galactose (12–20 mol%), 675 

mannose (11.1–20.5 mol%), arabinose (10.7–14.4 mol%), rhamnose (6.9–11.9 mol%), xylose (5.09–18.32 mol%), and 676 

fucose (3.3–7.74 mol%) in the LA sediments. For the XFJ core, glucose (18.5–48 mol%) is still the most abundant 677 

monosaccharide, followed by galactose (12.3–3.7 mol%), mannose (3.8–23 mol%), arabinose (8.3–14.5 mol%), rhamnose 678 

(6–11.2 mol%), xylose (0.75–21.6 mol%), and fucose (2.9–8.2 mol%) in the sediment core. 679 

3.4  Meteorological records of the studied areas 680 

The five-year moving average temperature (T5) was calculated from the reported database (Duan et al., 2015). The 681 

mean air temperature in the Guangzhou area has increased by about 1.5 °C since 1960, and the mean air temperature in the 682 

Heyuan area has increased by about 1.52 °C between 1957 and 2004. Therefore, the above data suggests a significant trend 683 

in climate warming in the investigated areas during the last six decades (Duan et al., 2015). The annual hours of daylight in 684 

Guangzhou and Heyuan on the time scale of 60 years have been obtained from the China Meteorological Data Sharing 685 

Service System (CMDSSS). The annual hours of daylight in both areas are somehow variable and show a progressively 686 

decreasing trend from 1950 to 2010 (Fig. ure S5S6). 687 

4  Discussion 688 

4.1  OM characteristics in sediment cores 689 

The content and composition of sedimentary OM derived from the Rock-Eval analysis could provide the source and 690 

early diagenetic information of OM in the reservoir cores. The S1, S2, S3, TOC, and HI show significant decreasing trends 691 

with increasing profile depths in the ZT and LA cores, suggesting that the sedimentary OM has either been affected by 692 

autochthonous inputs or by extensive degradation (Duan et al., 2015). For the XFJ core, the TOC as well as the other 693 

pyrolytic parameters (except HI proxy) show increasing trends with depth, suggesting the degradation and oxidation of OM 694 

and/or terrestrial inputs of the OM are the primary factors affecting the variation of OM.  695 
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Carbon isotope analyses offer an important tool for identifying the sources of OM in lacustrine sediments. Different 696 

primary producers have distinctive carbon isotope compositions. The average δ13C values of C3 plants is around 27‰ to 697 

26‰, whereas the C4 plants have average δ13C values of 14‰ to 13‰. Although the δ13C values in phytoplankton are in 698 

a broad range of 17‰ to 45‰ (Boschker et al., 1995), it phytoplankton can be identified by the combination of other 699 

proxies (e.g., elemental C/N ratios). All the corrected δ13C values of sedimentary OM in the three reservoirs vary from 700 

25.5‰ to 19.9‰ (Fig. 1), which are in the range of phytoplankton and C3 plants. However, their corresponding C/N 701 

ratios are relatively low than those for higher plants (> 12) (Fig.ure 1), suggesting the predominant contribution of 702 

phytoplankton in the OM of reservoirs. It is noted that the very low C/N ratios in XFJ core are likely to be related to 703 

inorganic N in minerals. As the TOC contents are quite low in XFJ, their inorganic N contents will affect the C/N ratios. The 704 

δ13C values in ZT sediments are more enriched (average: 20.8‰) than those in LA (average: 24.6‰) or XFJ (average: 705 

24.1‰) sediments, which may be attributed to high phytoplankton productivity (chlorophyll a = 90.7 μg/L), anaerobic 706 

sediments with high rates of methanogenesis, and lack of terrestrial carbon inputs in shallow water bodies (Gu and 707 

Schelskeet al., 2004). High phytoplankton can enhance isotopic fractionation and result in enrichment of 13C in dissolved 708 

inorganic carbon. The removal of 12CH4 (13C light) by intensive methanogenesis also leads to the accumulation of 13C 709 

heavy-depleted OM in sediments (Gu and Schelskeet al., 2004).  710 

After correcting for the Suess effect, the OM in sediments becomes more enriched in 13C from the bottom to the top of 711 

the ZT core (Fig. ure 1), reflecting a progressive increase in historical productivity, which is consistent with the vertical 712 

variations of TOC, C/N, and HI. Similar observations were also found in the LA core from a depth of 16 cm to the surface 713 

layer. Therefore, both ZT and LA reservoirs undergo significant increases in primary productivity during the recent years. As 714 

shown in Fig. ure 1, the correction for the Suess effect can result in opposite conclusions regarding the aquatic productivity, 715 

based on uncorrected δ13C values for ZT and LA. Similar results are also observed in Lake Brunnsviken (Routh et al., 2004), 716 

Lake Eric (Schelske and Hodell 1995), and deep Lake Tahoe (Chandra et al., 2005), suggesting the importance, in terms of 717 

productivity, of the correction for the Suess effect in the recent δ13C values for lacustrine sediment cores. 718 

For the XFJ reservoir, the corrected δ13C values increase from depths of 22 to 10 cm and then decrease abruptly to the 719 

surface layers, which may result from the biodegradation of OM in aerobic sediments or from a great number of recent 720 

terrestrial loading. However, values of C/N ratios in the upper layers of the XFJ core are very low (C/N  3) and indicate a 721 

contribution of algal origin in the sediments (Fig. ure 1). Therefore, the decrease of corrected δ13C at XFJ is mainly due to 722 

the biodegradation of OM under aerobic conditions. The dissolved oxygen content is 8.54 mg/L at a depth of 36 m, which 723 

can provide sufficient oxygen for microbial metabolism (Fig. ure S2 S1 in the supporting data). The preferential degradation 724 

of more 13C-enriched organic compounds (e.g., carbohydrates and proteins) would lead to a decrease in the δ13C values in the 725 

residue OM (Lehmann et al., 2002). 726 

4.2  Monosaccharide compositions in sediment cores 727 

As shown in Table. S2, the TCHO concentrations in the ZT and LA cores show significant decrease in the downcore 728 

sediments, which are similar to the vertical profiles of S2, TOC, C/N, corrected δ13C, and HI (Table S1 and S2 in the 729 

supporting data). For the XFJ core, the TCHO and HI still decline in the downcore sediments as do those in the ZT and LA 730 

cores (Table S1 and S2 in the supporting data). In general, the content of TCHO (0.51–6.4 mg/g) in the three reservoirs is 731 

similar to that of a sediment core in the eutrophic French Aydat lake (1.19–4.58 mg/g) (Ogier et al., 2001), which was also 732 

enriched with neutral sugars at the surface layers of the sediment core.  733 

Monosaccharide compositions were calculated for investigating the applicability of netrual sugars as productivity 734 

proxies. The compositions of neutral sugars in ZT and LA cores show that glucose is the most abundant sugar in these two 735 

reservoir sediments while galactose, mannose, and arabinose are relatively more abundant than rhamnose, xylose, and fucose 736 

(Fig. ure 2 and Figure S2), which is similar to the monosaccharide composition in phytoplankton (Hamilton and Hedges, 737 
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1988). Moreover, the relative abundances of monosaccharides do not vary much in the ZT and LA cores except for the 738 

apparent changes of glucose and xylose at depths of 10, 16, 32, and 34 cm in the LA core. For the XFJ reservoir, the 739 

monosaccharide composition in the upper layers (0–16 cm) of the sediment core also indicates a dominant origin of algal 740 

carbohydrates. However, xylose significantly increases at a few depths (XFJ core: at 18, 24, and 32 cm depths) (Fig. ure 2). 741 

Moreover, glucose shows an increasing trend correlated with the abundant xylose, especially between the depths of 18 cm 742 

and 34 cm. The pattern of carbohydrate composition in these samples (18–34 cm) is not in agreement with the 743 

post-depositional process of diagenesis as observed in previous studies (Hamilton and Hedges, 1988; Hedges et al., 1994). 744 

They found that the diagenesis process often led to a decrease in glucose along with a corresponding increase in 745 

bacteria-derived deoxy sugars (rhamnose and fucose) in sediment cores. Therefore, these outliers (18–34 cm) might be 746 

related to increasing vascular plant input or hydrological variation at XFJ, as discussed in the following paragraph.  747 

 748 

4.3  Source of neutral carbohydrates 749 

Molecular-level diagnostic parameters have often been used to differentiate microbial, planktonic, and terrestrial 750 

sources (Cowie and Hedges, 1984; Guggenberger et al., 1994). TThus, they could be used asare potential proxies for 751 

productivity in lakes and reservoirs. Diagnostic carbohydrate parameters and their results are presented in Fig. ure S2 S3 and 752 

S3 S4 in the supporting data. 753 

The ratios of mannose to xylose could indicate the OM sources derived from phytoplankton, bacteria, gymnosperm, and 754 

angiosperm tissues (Cowie and Hedges, 1984). As shown in Fig. ure S3 S4 in the supporting data, the values of the 755 

Mannosemannose/Xylose xylose ratios in most of the sediments at ZT and LA range from 1.51 to 2.70 and 1.49 to 3.50, 756 

respectively, except at a depth of 8 cm (1.46) in the ZT core and at the depths of 4 cm (1.18), 8 cm (1.05), 10 cm (0.67), 16 757 

cm (8.60), and 28–32 cm (0.6–1.33) in the LA core. Thus, most of the samples can be identified as a phytoplankton source 758 

(1.5–3.5), suggesting the important contribution of AOM in these two areas. However, most of the Mannosemannose/Xylose 759 

xylose ratios are in the range of 0.23–0.87 for gymnosperm tissues (< 1) at depths deeper than 16 cm in the XFJ sediments, 760 

which indicates the presence of terrestrial OM derived from angiosperm leaves and grasses. (Fig. S7)  761 

The above conclusion is also confirmed by the %Xyloseb
 xyloseb

 parameters (‘b’ represents a value on glucose-free base) 762 

plotted in Fig. ure 2 and Fig. ure S3 S4 in the supporting data. %Xyloseb xyloseb is a useful biomarker to differentiate the 763 

type of terrestrial input (Cowie and Hedges, 1984). In most of the samples at ZT and LA, %Xyloseb xyloseb is in the ranges 764 

of 9.34–11.8 and 7.10–15.8, respectively, except at the depths of 10 cm (23.5), 16 cm (3.02), and 32 cm (26.4) in the LA 765 

core. The low %Xyloseb xyloseb values (6.2–17.0) indicate the primary phytoplankton origin of neutral sugars at ZT and LA. 766 

The high values at the depths of 10 cm and 32 cm in the LA core might indicate important terrestrial input. Further evidence 767 

is also obtained from %(Arabinose arabinose + Galactosegalactose)b plotted in Fig. ure S3 S4 in the supporting data and 768 

from %(Fucose fucose + Rhamnoserhamnose)b
 plotted in Fig. ure S2 S3 in the supporting data. The results from 769 

the %Xyloseb xyloseb versus %(Fucose fucose + Rhamnoserhamnose)b plots suggest a phytoplankton origin in reservoir 770 

sediments, which is consistent with that reported in the literature (Boschker et al., 1995). As for the %(Arabinose arabinose + 771 

Galactosegalactose)b ratios, their values are mostly in the range of 30.7–44.4 in the sediment cores at ZT, LA, and XFJ, 772 

indicating that the sedimentary OM samples are largely derived from phytoplankton with the ratios of 22–47. Only a few 773 

high values at a depth of 16 cm (48) in the LA core and at depths of 8 cm (50.6) and 34 cm (48.9) in the XFJ core are likely 774 

to indicate an additional origin from non-woody angiosperm tissues and grasses, as demonstrated by Cowie and Hedges 775 

(1994). The above result also implies a different origin for neutral sugars in the upper layers of the XFJ core (0–16 cm) than 776 

in the lower layers (> 18 cm), which have been increasingly affected by terrestrial input.  777 

In order to support the above conclusions of the sources of OM by neutral sugars in the reservoirs, monosaccharide 778 

concentrations and heavy metal data are compared to each other (Table S3 and S4 in the supporting data). It is found that 779 
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almost all of the monosaccharides (except Xylose xylose at LA and XFJ) are significantly related to heavy metals (e.g., Zn 780 

and Cu) in the sediment cores of ZT and LA, and the upper layers of the XFJ core (0–16 cm) (Table S4 in the supporting 781 

data). However, only galactose, mannose, and fucose are positively correlated with Zn and Cu in the core of XFJ (0–34 cm), 782 

although the lower layers are increasingly affected by allochthonous input, as discussed in the above paragraphs. As Zn and 783 

Cu are essential nutrients for phytoplankton growth, these relationships provide additionalmore evidence for the important 784 

contribution of AOM to carbohydrates in the investigated sediments. However, the Pb contents in the sediments of these 785 

reservoirs are very low, suggesting that there is no or little industry contamination in the investigated areasthis area.  786 

ZT reservoir is a shallow reserviorelake and has relative higher trophic level. For LA reservoirs, it is deeper and has 787 

longer water residence time andwith a medium trophic levelstate. Both ZT and LA reservoirs are dominated by 788 

autochthonous green algae and diatom, which may contribute to majority of carbohydrates in their sediments. However, XFJ 789 

reservoir may receive relatively high input of higher plants from the surrounding runoff. Therefore, the different possible 790 

sources of carbohydrates areis related to not only to inputnative species of algae, and plant, and bacteria, but also to 791 

historical changes of hydrological conditions, and nutrient level, etc. 792 

4.4  Diagenesis of neutral carbohydrates 793 

Carbohydrates are not only useful in identifying the sources of OM but also in evaluating early diagenetic processes 794 

occurring in the post-depositional environment. The four parameters, deoxysugars/pentoses (deoxy S/C5) ratio, glucose 795 

content (mol% or wt%), %(Fucose fucose + Rhamnoserhamnose)b, and carbohydrate yield (%) in the sediment cores are 796 

often used to evaluate diagenetic changes of OM (Cowie and Hedges, 1984; Ittekkot and Arain, 1986; Opsahl and Benner, 797 

1999; Benner and Opsahl, 2001; Kaiser and Benner, 2009). 798 

Glucose content is an important factor used to assess the degradation state of OM. Glucose accounts for 58 to 90% of 799 

the carbohydrates in fresh plankton and terrestrial tissues (Cowie and Hedges, 1984; Opsahl and Benner, 1999; da Cunha et 800 

al., 2002). Hernes et al. (1996) proposed that relative mol% glucose in particulate OM could be used as a diagenetic indicator 801 

for organic material in the equatorial Pacific region. In this investigation, wt% glucose in the sediments ranges from 22 to 802 

29.1% at ZT, from 23.3 to 39.2% at LA, and from 19.6 to 50.3% at XFJ (Fig. ure 3), suggesting that neutral sugars are 803 

biodegraded in the sedimentary OM. This conclusion is also confirmed by the carbohydrate yield (%), which usually 804 

represent 30–40% of TOC in fresh tissues of plant and phytoplankton but less than 9% in sediments (Cowie and Hedges, 805 

1984; Opsahl and Benner, 1999). Carbohydrate yields range from 1.93 to 13.53% in the sediments of the three reservoirs 806 

(Fig. ure 3). It is also suggested that neutral sugars degrade significantly in the investigated sediments. These results are 807 

consistent with the general observation from previous studies (Ogier et al., 2001). In general, the carbohydrates in the 808 

reservoir sediments are extensively transformed and degraded. However, the stability of their compositions was 809 

observedfound in the downcore sediments. Whether the carbohydrate compounds are degraded mainly in the water column 810 

or in the sediment core will be discussed below (Fig. ure 3).  811 

Keil et al. (1998) found that the %wt (Fucose fucose + Rhamnoserhamnose)b values could reflect the diagenesis process 812 

of neutral carbohydrates. This index was elevated as the sediment particle sizes decreased, suggesting that smaller size 813 

fractions showed a higher degree of degradation. Their observation was also consistent with other diagenetic indices such as 814 

lignin and non-protein biomarkers (Keil et al., 1998). In this study, the values of %wt (Fucose fucose + 815 

Rhamnoserhamnose)b at three reservoirs do not vary significantly with the sediment core, and there is no decline in wt% 816 

glucose with a corresponding increase of %wt (Fucose fucose + Rhamnoserhamnose)b in each of the ZT, LA, and XFJ 817 

sediment cores (Fig. ure 3), suggesting that the process of degradation occurs mainly during the settling period rather than 818 

after deposition. Further evidence in support of this conclusion can be obtained from the ratio of deoxy sugars (e.g., 819 

rhamnose and fucose) to C5 (e.g., arabinose and xylose) (deoxy S/C5). The deoxy S/C5 ratios also remain almost unchanged 820 

throughout the sediment cores of ZT, LA, and XFJ (Fig. ure 3). Therefore, although sinking organic matter-rich particles and 821 

带格式的: 字体颜色: 红色

带格式的: 字体颜色: 红色



24 
 

their carbohydrates in these reservoirs suffer from intensive oxidation and degradation in the water column during their 822 

transit to bottom sediments, some fractions are selectively preserved in the sediment cores, and remained almost unchanged 823 

during post-deposition, as observed before (Cowie and Hedges, 1984; Moers et al., 1990; Hicks et al., 1994). 824 

Carbohydrates are derived not only fromconsist of storage polymer but also from theand cell membrane of 825 

phytoplankton. The monosaccharide residues in both kinds of polymers are bound to each other via glycosidic bonds (Cowie 826 

et al., 1992; Cowie and Hedges, 1994; Hernes et al., 1996). In general, glucose is bound mainly in an unbranched, starchlike 827 

β-1,3-glucan storage polymer (Handa et al, 1969), whereas mannose, galactose, xylose, fucose, and rhamnose are 828 

characteristically more abundant in the cell walls (Cowie et al, 1992). The cell-wall aldoses are bound primarily in branched 829 

and often heterogeneous structural polymers. On the contrary, glucose, arabinose, and ribose are relatively concentrated in 830 

intracellular polysaccharides. Part of carbonhydrates are highly likely to be preserved by sedimentary clay minerals. In the 831 

present study, concentrations of mannose, galactose, arabinose, and xylose on a glucose-free base are dominant in the 832 

sediment cores, and the carbohydrate compositions are mostly unchanged. Hence, the neutral carbohydrates in the sediment 833 

cores are largely related to structural polysaccharides, which iscould be more resistant to microbial degradation than storage 834 

polysaccharides. 835 

In support of the above conclusion, the k values of deoxy S/C5 were calculated using a “multi-G” model (Wang et al., 836 

1998) to evaluate neutral sugar degradation. The k value is 0.0025 yr-1 for ZT, 0.0021 yr-1 for LA, and 0.0025 yr-1 for XFJ. 837 

Thus, It is found the k values of deoxy S/C5 indicate that the decomposition of 95% neutral sugar in reservoir sediments will 838 

take thousands of years, which is similar to the results of TCHO in the ocean sediments (Wang et al., 1998) and the 839 

degradation of OM in the lacustrine sediments (Li et al., 2013).  840 

The increasing downcore trends of glucose and OM in the XFJ core are different from those in the ZT and LA cores, 841 

suggesting that tAs delineated abive, the variations of OM and neutral sugars sugars are site-independent and areismay be 842 

related to the different trophic states, the various sources of OM, and the hydrological changes in different depositional 843 

environments. Moreover, the downcore OM profiles in some of the sediment cores investigated in other aquatic 844 

environments have not exhibited decreasing trends (Kirk et al., 2011, Meyer, 1997), which are not consistent with the 845 

traditional degradation model and mechanism. Hence, more works arewould be needed for investigating the sources, 846 

compositionsfractionations, and biodegradation productsearly diagenesis of carbohydrates in different aquatic environments. 847 

4.5  Effects of climate change on primary productivity and carbohydrates 848 

Carbohydrates are important organic components from aquatic algae and have undergone extensive degradation during 849 

settling. However, large amounts of resistant structural carbohydrates (e.g., cell walls) containing source information can be 850 

preserved in the sinking particles and sediments. Moreover, HI has been widely utilized as a useful indicator of primary 851 

productivity during recent years (Gasse et al., 20011991; Stein et al., 2006; Bechtel and Schubert, 2009). As shown in Fig. 4 852 

and Table S4 in the supporting data, HI values in the ZT and LA cores are positively correlated with concentrations of 853 

monosaccharides, especially the algae-dominated, galactose, mannose, fucose, and arabinose (Ittekkot and Arain, 1986; 854 

Hamilton and Hedges, 1988; D'souza et al., 2003), which are usually dominated dominant in structral cell walls of planktonic 855 

algaes algae ((Ittekkot and Arain, 1986; Hamilton and Hedges, 1988; D'souza et al., 2003; Hecky et al., 1973; Haug and 856 

Myklestadet al., 1976). For the XFJ core, significant correlations are also found between the some of the concentrations of 857 

monosaccharides and the HI values, except for rhamnose, fucose, and xylose. It is noted that the a few samples at depths of 858 

8–10 cm and 30–34 cm in the LA core and at depths of 18–34 cm in the XFJ core are excluded due to the inputs of 859 

allochthonous OM to the sediment cores. Therefore, monosaccharides (e.g., galactose and mannose) can be used for the 860 

reconstruction of historical productivity in the subtropical reservoirs. 861 

As shown in Table S4 in the supporting information, the contents of glucose, galactose, arabinose, mannose, fucose, 862 

and rhamnose are also positively correlated with S2 and HI values in the ZT, LA, and XFJ sediment cores. However, each of 863 
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them shows no/or weak correlations with the diagenetic parameters of neutral sugars and OM (e.g., %(Fucose fucose + 864 

Rhamnoserhamnose)b, Deoxy deoxy S/C5). Moreover, the xylose concentrations representing terrestrial inputs do not show 865 

significant correlations with the productivity proxies (e.g., S2 and HI) or any of the other monosaccharide concentrations at 866 

LA and XFJ. Thus, the above evidence supports that the increasing neutral sugars in the reservoir sediments are mainly 867 

attributed to algal productivity rather than the degradation of neutral sugars during post-diagenesis.  868 

In order to understand the effects of climate change on the historical variations of primary productivity, the T5 values 869 

over 60 years are compared with the each profiles of carbohydrate profiless in the three reservoirs (Fig. ure 5 and Table S4). 870 

The monosaccharide profiles at ZT and LA show good correlation with T5 during the past 60 years (for ZT, 871 

Galactosegalactose:T5, R
2 = 0.824, p < 0.01; Mannosemannose:T5, R

2 = 0.824, p < 0.01; Fucosefucose:T5, R
2 = 0.805, p < 872 

0.01; for LA, Galactosegalactose:T5, R
2 = 0.885, p < 0.01; Mannosemannose:T5, R

2 = 0.699, p < 0.01; Fucosefucose:T5, R
2 = 873 

0.883, p < 0.01;), suggesting that an increase in temperature likely enhances the deposition of carbohydrates in sediments (Fig. 874 

ure 5 and Table S4). Moreover, total nitrogen (TN) and total phosphorus (TP) concentrations showed weaker correlations 875 

with T5 than carbohydrates for the sediment cores of ZT and LA (Table S5; Duan et al., 2015). The TN and TP 876 

concentrations can be used to reflect the historical inputs of nutrients in the ZT and LA reservoirs. Furthermore, the TP and 877 

TN concentrations at ZT and LA remained at a low level (mostly TP < 0.1 mg/g, TN < 0.4%) during the past six decades and 878 

are far lower than those in sediments of other eutrophic reservoirs (Duan et al., 2015). Further evidence can be found in the 879 

results from principal component analyses (PCA) in the Fig. ure S8 S45 in the supporting data. The T5, HI, and 880 

monosaccharides are in the first principal component and account for 76.5% and 67.3% of the total variance in the LA and 881 

XFJ reservoirs, whereas the second principal component of TP and TN accounts for 8.36% and 11.7% of the total variance, 882 

respectively. Hence, the nutrient input is not the key factor affecting carbohydrates in the three reservoirs. In addition, the 883 

factor of light can also be excluded by the records of the annual hours of daylight, which show progressively decreasing 884 

trends from 1950 to 2010 at Guangzhou and Heyuan (Fig. ure S5S6). In conclusion, the increase in deposition of 885 

carbohydrates in sediments at ZT and LA corroborates very well with the increase in temperature (Fig. ure 5). For the XFJ 886 

reservoir, the profiles of monosaccharides also show a positive correlation with the temperature variations (for XFJ, 887 

Galactosegalactose:T5, R
2 = 0.702, p < 0.01; Fucosefucose:T5, R

2 = 0.744 p < 0.01;), but show no relationship with TN or TP 888 

concentrations (Fig. ure 5, Table S4). Although the primary productivity is lower in the XFJ reservoir than in the ZT or LA 889 

reservoirs, it is still significantly affected by the increasing temperature. Although the TOC and S2 values have declined with 890 

increasing temperature in the XFJ core profile due to the phosphorus-limited trophic level, the neutral sugar contents still 891 

increase (Fig. ure 5). Therefore, the above results suggest that neutral sugar in the ZT, LA, and XFJ reservoirs is are strongly 892 

associated with climate warming in the subtropical area.  893 

As shown in the Table S4, positive correlations between corrected δ13C values, HI, monosaccharide contents, and T5 are 894 

significantwere only observed in ZT core. But tThe corrected δ13C inat LA and XFJ cores have no relationsare not correlated 895 

with other production parameters and T5 even the corrected δ13C were enriched in the upper layers of LA core. This may 896 

related toresult from the impacts of organic matter degradation, terrestrial inputs, and human activities on the carbon isotopic 897 

composition (δ13C) inat mesotrophic LA and oligotrophic XFJ reservoirs (LA and XFJ). Moreover, For tthe pyrolytic organic 898 

parameters (e.g. HI) values and molecular biomarkers (e.g. neutral sugar datas), they haveshow the same changing trends 899 

and arewere both positively correlated with five T5 inat each of the threeall reservoirs. Thus, the pyrolytic organicHI 900 

parameters and monosaccharide contents are more reliable for reconstructing of historical productivity in subtropical 901 

reservoirs. Therefore, the combinednation use of these parameters and biomarkers are strongly recommended, which can 902 

help us to better understand the historical change of productivity and environments in the subtropical reservoirs. 903 

It is challenging to find the appropriate indicators for primary production in aquatic ecosystems. More works needs to 904 

be done in theoretical and applied research on specific organic matter forof productivity proxy. Meanwhile, multiple 905 

biomarker proxies are also need in order to trace the source and type of biological productivity, and to rule out the impact of 906 
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other human activities. Moreover, compound-specific isotope ratios, fractionation, and biodegradation products of 907 

biomarkers such as(e.g. neutral sugars, lipids) can provide more accurate and detailed information onf algal organic matter in 908 

aquatic ecosystems. Furthermore, the mechanism and modeling of relationships between air-temperature and algal organic 909 

matter parameters are worth to be exploited and established.  910 

 911 

5  Conclusions 912 

The sources, composition, and diagenesis of carbohydrates in the sediment cores of three subtropical reservoirs were 913 

investigated by conducting acid hydrolysis coupling with high-performance liquid chromatography (HPLC) with pulsed 914 

amperometric detection (PAD). Glucose, mannose, and galactose are the most abundant monosaccharides. Monosaccharide 915 

composition and diagnostic parameters (mannose/xylose ratio, arabinose plus galactose, xylose) indicate a predominant 916 

contribution of phytoplankton in the whole sediment cores of the ZT and LA reservoirs and in the upper layers of the XFJ 917 

core (0–16 cm). The carbohydrates are partially degraded during the settling. It is found that the degradation proxies 918 

(S2/RC, %wt (fucose + rhamnose)b, and deoxy S/C5) have not varied much in all of the whole sediment cores. 919 

The corrected δ13C and C/N ratios in sedimentary OM can be used to reflect the historical changes of productivity in the 920 

subtropical reservoirs. Based on the higher corrected δ13C values and the lower C/N ratios, increased productivity was 921 

observed in the upper layers of ZT and LA reservoirs, which are is consistent with the increase of monosaccharides (e.g., 922 

galactose, mannose, fucose, and arabinose) and HI. As for XFJ reservoir, the corrected δ13C values abruptly decrease with very 923 

low C/N ratios, which may indicate different sources and biodegradation in the underlying sediments. Moreover, strong 924 

positive correlation between TCHO and HI is found both in the mesotrophic reservoirs (ZT and LA) and in the oligotrophic 925 

reservoir (XFJ) in this investigation, suggesting that TCHO is related to primary productivity in the studied subtropical 926 

reservoirs. Furthermore, increasing levels of carbohydrates in the three reservoir cores show significant relationships with T5 927 

during the last 60 years. Elevated temperatures lead to increasing levels of carbohydrates in the sediment profiles during the 928 

last six decades. Therefore, this investigation provides important evidence for the effect of climate change on the aquatic 929 

ecosystems in the low latitude region. To further develop the productivity indicator of carbohydrates, more works areis 930 

needed to understand the fractionation and biodegradation products, and to improveimprove the detection of all the 931 

sedimentary monosaccharides (e.g., ribose) during acid pyrolysis.  932 
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Figure captions 1123 

Figure 1. Vertical variations of original δ13C, corrected δ13C, and C/N in sediment cores of three reservoirs 1124 

Figure 2. Profiles of neutral carbohydrates in sediment cores of the reservoirs 1125 

Figure 3. Vertical profiles of yield (%), Deoxy S/C5, wt% Glucose and wt % (Fucosefucose+Rhamnoserhamnose)b in the ZT, 1126 

LA, and XFJ reservoirs 1127 

Figure 4. Relationship of HI with single sugarmonosacchride compounds in the ZT, LA, and XFJ reservoirs (For LA, the 1128 

sample at 8-10 cm depths and at 30-34 cm depths were excluded; For XFJ, samples below 16 cm were excluded). The HI 1129 

data are coted from Duan et al. (2015). 1130 

Figure 5. Temporal profiles of five-year moving temperature (T5), hydrogen index(HI) and single neutral 1131 

sugarsmonosacchrides in sediment cores from the three reservoirs. 1132 

 1133 

 1134 

 1135 

 1136 

 1137 

带格式的: 字体: 倾斜

带格式的: 字体: 倾斜



 

32 
 

 1138 

 1139 

 1140 

ZT

δ
13

C (%o)

-30 -25 -20 -15

D
e

p
th

 (
c
m

)

0

4

8

12

16

20

24

28

32

36

Corrected δ 13C

Original δ 13C  

ZT

C/N

0 5 10 15 20

D
e

p
th

 (
c
m

)

0

4

8

12

16

20

24

28

32

36

LA

δ
13

C (%o)

-30 -25 -20 -15

0

4

8

12

16

20

24

28

32

36

Corrected δ 13C

Original δ 13C  

LA

C/N

0 5 10 15 20

0

4

8

12

16

20

24

28

32

36

XFJ

δ
13

C (%o)

-30 -25 -20 -15

0

4

8

12

16

20

24

28

32

36

Corrected δ 13C

Original δ 13C  

XFJ

C/N

0 5 10 15 20

0

4

8

12

16

20

24

28

32

36

 1141 

Figure 1. Vertical variations of original δ13C, corrected δ13C, and C/N in sediment cores of three reservoirs 1142 
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Figure 2. Profiles of neutral carbohydrates (glucose was not inexcluded) in the sediment cores of the reservoirs. Glucose 1151 

contents in the sediment cores were included in Supplemental Figure S2. 1152 

 1153 



 

34 
 

 1154 

ZT

Wt %glucose

0 20 40 60 80 100

D
e
p
th

 (
c
m

)

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30

Yield (%)

0 5 10 15 20

Wt % glucose 

Yield (%)

XFJ

Yield (%)

0 5 10 15 20
0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

Wt %glucose

0 20 40 60 80 100

LA

Yield (%)

0 5 10 15 20
0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

Wt %glucose

0 20 40 60 80 100

ZT

Wt %(fucose+rhamnose)
b
 

0 20 40 60 80 100

D
e
p
th

 (
c
m

)

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30

Deoxy S/C5

0 1 2 3 4 5 6

Wt %(Fuc+Rha)b 

Deoxy S/C5 

XFJ

Wt %(fucose+rhamnose)
b
 

0 20 40 60 80 100

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

Deoxy S/C5

0 1 2 3 4 5 6

Wt %(Fuc+Rha)b 

Deoxy S/C5 

LA

Wt %(fucose+rhamnose)
b
 

0 20 40 60 80 100

0
2
4
6
8

10
12
14
16
18
20
22
24
26
28
30
32
34
36
38
40

Deoxy S/C5

0 1 2 3 4 5 6

Wt %(Fuc+Rha)b

Deoxy S/C5 

Wt % glucose 

Yield (%) Wt % glucose 

Yield (%)

 1155 

 1156 

 1157 

Figure 3. Vertical profiles of yield (%), wt% glucose, deoxy S/C5, and wt% (Fucosefucose+Rhamnoserhamnose)b at the 1158 

ZT, LA, and XFJ reservoirs 1159 
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Figure 4. Relationship of HI with galactose, mannose, and fucose in the ZT, LA, and XFJ reservoirs (For LA, the sample 1204 

at 8-10 cm depths and at 30-34 cm depths were excluded; For XFJ, samples below 16 cm were excluded). The HI data 1205 

were cited from Duan et al. (2015). 1206 
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Figure 5. Temporal profiles of five-year moving temperature (T5) and single neutral sugarsmonosacchrides in sediment 1210 

cores from the three reservoirs.   1211 


