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Abstract
as species from different trophic levels could reduce negative effects from fed species in the environment. A

Integrated Multi-Trophic Aquaculture (IMTA) is an effective method for sustainable aquaculture

proper proportion of different trophic species in an IMTA system could improve the aquaculture production
and environmental sustainability. At present, research on the proper proportions for farming species is
scarce. We investigated the effects of IMTA modes of oyster (Crassostrea gigas) and kelp (Saccharina
Jjaponica) in different weight ratios on water quality and carbonate system in a closed enclosure experiment
for three days in the Sanggou Bay in Shandong Province, China, in December 2017. Nine collocation
modes in oyster:kelp weight ratio were tested showing as 24:3, 24:2, 24:1, 16:3, 16:2, 16:1, 8:3, 8:2, and
8:1. The water parameters were determined at 17:00 on Day 1 (D1), and 6:00 and 17:00 on Days 2 (D2)
and 3 (D3). As two-way ANOVA showed, all increased parameters (dissolved oxygen (DO), pH, chl a, the
carbonate system and pCQO,) were significantly related to oyster-kelp modes, and interaction between modes
and time were also significant (P<0.05). On the 3" day, the 8:3 mode was the highest in DO, pH, chl a,
CO% (P<0.05), and dissolved inorganic carbon (DIC), HCO3, CO,, and pCO, were the lowest (P<0.05).
According to previous references and the results of this study, the appropriate oyster:kelp proportion at
the beginning of winter is from 8:2 to 8:3. The results of this study may help government to optimize the
aquaculture structure of Sanggou Bay.

Keyword: Integrated Multi-Trophic Aquaculture (IMTA); Pacific oyster; Crassostrea gigas; kelp;
Saccharina japonica

1 INTRODUCTION

Aquaculture is a fast-growing food-producing
sector in the world, which is crucial to meet the need
of growing human population on the Earth. The State
of the World Fisheries and Aquaculture (SOFIA)
states that “in terms of global production volume,
that of farmed fish and aquatic plants combined
surpassed that of capture fisheries in 2013. In terms
of food supply, aquaculture provided more fish than
capture fisheries in 2014” (FAO, 2016). Driven by
the growing demand for aquaculture, many
environmental problems appeared, which hampered

the sustainable development of aquaculture,
particularly for the species that need feed input. Only
17% of the nitrogen in fish feed can be retained in
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finfish, while the rest 83% are wasted in the
environment (Wen et al., 2007). Furthermore, Wu
(1995) found that 1%—-15% of formulated fish feed
and 40% of fresh feed are wasted. Half of sedimentary
organic carbon is originated from aquaculture fish
feed (Gillibrand et al., 1996). The nitrogen input
from the feed in aquaculture pond or cage could
amounted to 54.7%-95% of the total nitrogen input
in the system (Briggs and Fvnge-Smith, 1994; Chang
et al., 2006; Zhang, 2012). Therefore, designing a
system to reduce the negative effects in aquaculture
production is an urgent task.

To solve the pollution problem, we developed a
novel concept: the integrated multi-trophic
aquaculture (IMTA). An IMTA system in essence is a
multi-species co-culture at different trophic levels
within a certain area to maintain optimal production
while reduce the negative effects of feed loss (Chopin
et al., 2010; Fang et al., 2014, 2016). In the system,
waste nutrients produced from higher trophic species
can be re-used by lower trophic species. In the design,
to seek and combine different species farmed is
complicated. There are several successful practices,
e.g., fish-seaweed (Stenton-Dozey, 2007; Abreu et al.,
2009), finfish-shellfish (Mazzola and Sara, 2001;
Langan, 2004), abalone-kelp, finfish-bivalve-kelp,
abalone-sea-cucumber-clam-seaweed (Fang et al,
2016), and shellfish-seaweed (Chopin et al., 2008),
etc. The combination of shellfish-seaweed is a basic
IMTA mode. However, there is no additional biogenic
element input through the management in a filter-
feeding shellfish-seaweed mode. Moreover, it would
be an important mode if is beneficial to the
environment (Tang et al., 2011). Seaweed can absorb
dissolved biogenic elements, such as carbon dioxide
(CO,), dissolved inorganic carbon (DIC), ammonia
(NH,;), nitrite (NOy3), nitrate (NO3) and phosphorous
(P), and at the same time, produce oxygen, while the
filter-feeding shellfish can utilize organic particles
and produces ammonia nitrogen and CO, for seaweed.
Meanwhile, shellfish can absorb carbon for building
shells in the form of CaCOs;. Thus, seaweed-shellfish
co-culturing could benefit each other in the IMTA
system. The question is: what would be the optimal
ratio of the two species in eco-friendly practice.

Sanggou Bay (37°01'N-37°09'N, 122°24'E-
122°35'E), located in Shandong Province, China, is a
typical IMTA area that houses more than 30 important
aquaculture species, including kelp (Saccharina
Jjaponica), oyster (Crassostrea gigas), mussel (Mytilus
edulis), scallop (Chlamys farreri), abalone (Haliotis

Table 1 The total weight ratios of oyster and kelp in the
modes design of oyster integrated with kelp

Modes (ratios) Opyster (g) Kelp (g)
24:3 1200 150
24:2 1200 100
24:1 1200 50
16:3 800 150
16:2 800 100
16:1 800 50
8:3 400 150
8:2 400 100
8:1 400 50

discus hannai), and sea cucumber (Apostichopus
Jjaponicus) (Zhang et al., 2007). Some of them have
been successfully co-cultured in IMTA mode.
Shellfish-seaweed collocation is the base of the IMTA
modes (Tang et al., 2013; Fang et al., 2016). In 2015,
65 000 ton of oyster (C. gigas), one of the mostly
cultured shellfish, was produced in Sanggou Bay
(data from local government), and kelp (S. japonica)
is the main cultured seaweed in Sanggou Bay, and
84 500 ton was produced in 2015 (Ning et al., 2016).
In order to determine the optimal ratio of oyster to
kelp co-culture in Sanggou Bay at the beginning of
winter (the kelp culturing period), water quality and
carbonate system were investigated within the frame
of different oyster-kelp modes.

2 MATERIAL AND METHOD

2.1 Experimental design and management

The experiment was conducted in Sanggou Bay,
China, in December 2017 (Fig.1). Kelp S. japonica
(whole plant wet weight: 1.65+£0.76 g, mean+SD,
n=30) and oyster C. gigas (wet weight: 36.26+3.89 g,
mean+SD, n=30) were collected locally. Kelps were
tied on ropes and oysters were cleaned and put into a
net bag. Both organisms were hung onto a transparent
polyethylene plastic bag (1.0 m®) that was securely
sealed with a cap, after expelling all air bubbles. Each
bag had a special cap that can be opened and closed
easily. Nine collocation modes in oyster:kelp weight
ratio were tested showing as 24:3, 24:2, 24:1, 16:3,
16:2, 16:1, 8:3, 8:2, and 8:1 (Table 1). The number of
oysters is shown in Table 2. Each treatment included
30, 60, and 90 kelps and 3 replications in each
treatment.

The bags were randomly tied onto the floating
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Table 2 The biomass of organisms at different treatments in the experiment
Mode Oyster No. (ind.) Oyster wet weight (g)  Oyster soft part dry weight (g) Kelp weight (g) Kelp dry weight (g)
24:3 27.00+0.58¢ 1200.24+2.06¢ 14.13+0.83¢ 149.52+0.50¢ 10.69+0.04¢
24:2 28.00+0.58¢ 1199.91+£1.84¢ 14.29+0.70¢ 99.24+0.55° 7.11£0.04°
24:1 26.67+0.88¢ 1200.54+1.78¢ 14.46+0.58¢ 50.03+0.76° 3.18+0.05°
16:3 14.33+0.33% 800.35+1.13° 10.88+0.45° 150.17+1.11¢ 10.68+0.08°
16:2 15.00+0.58° 800.22+1.52° 10.74+0.45° 99.61+0.85° 7.13+0.06°
16:1 15.33+0.88" 800.02+1.61° 10.68+0.46° 50.07+0.23* 3.51+0.02*
8:3 8.33+0.33¢ 399.91+0.57° 5.7140.65° 150.08+0.79¢ 10.67+0.06¢
8:2 9.00+0.58° 400.50+1.12¢ 5.61+0.73¢ 100.2440.54° 7.08+0.04°
8:1 8.33+0.33* 400.14+0.49* 5.55+0.46° 50.37+0.46* 3.60+0.03*

Different letters indicate significant difference among different modes. Means+SE (n=3).

frame (10 m?) in open sea and filled with natural
seawater. The bags were placed 10-20 cm above the
surface. During the experiment, samples were
collected at 17:00 on Day 1 (D1), and 6:00 and 17:00
on Days 2 and 3. The time was adjusted according to
local sunrise at 6:00 and sunset at 17:00. Water
temperature, salinity, pH, and dissolved oxygen (DO)
were measured by YSI Professional Plus (Pro Plus,
USA) and pH meter (Orion 9107 BNMD, USA).
Measurement work took 1.5 h each time. One liter of
water sample was collected from each bag stirred in
each sampling period and particles in the water
samples were collected with cellulose acetate filters
(0.45 pum, Whatman) and preserved at -20°C. An
amount of 150-mL filtered seawater was mixed with
0.02% HgCl, saturated solution and stored and sealed
in 150-mL borosilicate bottles at 4°C for total
alkalinity (TA) analysis (Dickson and Goyet, 1994).

2.2 Sample analysis

Fluorescence analysis was used to determine
chlorophyll-a (chl-a) content. Total alkalinity (TA)
was measured using an automatic titrator (848 Titrino
plus, Switzerland). DIC, [CO,], [CO%] and [HCO3]
concentration in seawater carbonate system were
calculated using CO,SYS V2,1 software based on
the TA, pH, salinity and temperature. All oyster and
kelp samples were removed from the bags and cleaned
with sterile gauze to eliminate surface seawater, and
then dried separately in an oven at 70°C for 48 h.
Finally, the dry weight of the oyster’s shell and tissue
part, following the field experiment, were determined.

2.3 Data analysis

Data were analyzed using SPSS 13.0 for Windows
(SPSS, USA). Prior to statistical analysis, all data
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Fig.2 The dissolved oxygen of oyster-kelp modes at different time

DI, D2, and D3 (D=Day); X:Y=oyster and kelp ratios in weight (Table 1). The different letters indicate a significant difference of DO in the same mode at

different detecting time. Means+SE (n=3).

were checked for homogeneity and normality of
variance assumptions by (i) visually examining
standardized residuals versus predicted values plots
and Q-Q plots of residuals, (ii) Shapiro-Wilk tests,
and (ii1) Levene tests. Data were log-transformed if a
normal distribution assumptions were not met. Oyster
and kelp in each mode were considered together as a
combined system (mode). Interaction between modes
and experiment time on DO, pH, chl a, and parameters
of the carbonate system were tested using two-way
repeated ANOVA measurements.  Statistically
significant influences, proven by ANOVA, were
followed by a Tukey test to determine the within-
treatment effects. The difference in the organism’s
initial wet weight and dry weight and biomass after
experiment among treatments was tested using one-
way ANOVA. All differences were considered
statistically significant at P<0.05.

3 RESULT

During the experiment, water temperature ranged
9.0-10.2°C, salinity 31.30-31.57, and no dead animals
were found. The biomass of the organisms was
allocated as the experiment design showed in Table 2.

3.1 Dissolved oxygen

Two-way ANOVA showed that DO was
significantly affected by oyster-kelp modes and
sampling time, and that interaction between both
factors was significant (P<0.05, Table 3). DO was
higher in the modes with higher kelp ratio (P<0.05,

Table 3 Two-way ANOVA statistics of dissolved oxygen
(DO), pH, chl a, and pCO, of oyster-kelp modes at
different sampling time

Source Sum of squares  df sz/llleaigs F P
Mode 45.173 8 5.647 24.596 <0.001
Time 134.683 4 33.671 146.664 <0.001
DO Modextime 24.136 32 0.754 3.285 <0.001
Error 20.662 90 0.230
Total 13 770.101 135
Mode 0.330 8 0.041 19.897 <0.001
Time 2.101 4 0.525 253.663 <0.001
pH Modextime 0.259 32 0.008 3.907 <0.001
Error 0.186 90 0.002
Total 9 582.808 135
Mode 11.380 8 1.422 83.093 <0.001
Time 3.356 4 0.839 49.007 <0.001
Chla Modextime 7.790 32 0.243 14.220 <0.001
Error 1.541 90 0.017
Total 184.746 135
Mode 235391.145 8 29423.893 48.002 <0.001
Time 1971026.384 4 492 756.596 803.887 <0.001
pCO, Modextime 188 967.002 32 5905.219  9.634 <0.001
Error 55167.082 90 612.968
Total 22439295.462 135

Fig.2). At the end of the experiment, DO was lowest
in the 24:1 mode and highest in the 8:3 mode (P<0.05).
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Fig.3 The pH of oyster-kelp modes at different time

D1, D2, and D3 (D=Day); X:Y=oyster and kelp weight ratios (Table 1). The different letters indicate a significant difference of pH within mode at different

detecting time. Means+SE (n=3).
3.2pH

The pH values in this experiment are often in
parallel to those of the DO results (Fig.3).

Results of two-way ANOVA show that pH was
significantly different among the oyster-kelp modes
and sampling time, and interaction between both
factors was significant (P<0.05, Table 3). pH was
higher in the modes of more kelp (P<0.05). At the end
of the experiment, pH was the lowest in the 16:1
mode and highest in the 8:3 mode (P<0.05).

pH fluctuated significantly during day and night,
but the means were lower in the morning than those in
the afternoon on the same day (P<0.05, one-way
ANOVA). At the end of the experiment, pH was
significantly higher in all mode than the initial value
(P<0.05).

33Chla

As two-way ANOVA statistics show, chl-a
concentration was significantly different among the
oyster-kelp modes and sampling time. Interaction
between both factors was significant (P<0.05,
Table 3). Chl-a concentration demonstrated
significantly higher values in the modes in higher
ratio of oyster:kelp (P<0.05). The chl-a concentration
was continuously increasing over the time (P<0.05).

By the end of the experiment, the modes with “24”
oysters contained highest chl-a concentrations
(P<0.05, Fig.4). There was a significant increase in
24:1 and 24:2 modes on 6:00 am of D3 (P<0.05). Chl-a
concentrations increased in all modes compared with

those at D1 17:00 excepting for the 8:1 mode at the
end of the experiment. However, no significant
difference was found between D1 17:00 and D3 17:00
in the 8:2, 8:3 or 16:1 modes (P>0.05).

3.4 Carbonate system and pCO,

The carbonate system and pCO, were significantly
related to the oyster-kelp modes and sampling time
and their interactions were also significant (P<0.05,
two-way ANOVA, Tables 3 & 4). DIC, HCO;, CO,
concentrations and pCO, were the lowest on D3 in the
8:3 mode at 17:00 (P<0.05, Figs.5a, b, d, & 6). In
contrast, the CO% concentration was highest on D3 in
the 8:3 mode at 17:00 (P<0.05, Fig.5c). Thus,
throughout the experiment, the CO% concentration
was increasing, while the DIC, HCO; CO,
concentrations, and pCO, were decreasing.

Variation of DIC is very similar to that of HCO3
concentration in the same mode (Fig.5a & b). The
DIC was the lowest (2 013.53 umol/L) on D3 in the
8:3 mode at 17:00 (P<0.05, one-way ANOVA), and
the highest (2 431.65 umol/L) on D2 in the 24:2 mode
at 6:00. Similarly, the HCOj; concentration reached its
lowest (1 738.10 umol/L) (P<0.05) and highest
(2 303.22 umol/L) point at the same day, mode, and
time as DIC. By the end of the experiment, DIC and
HCO;3 had decreased significantly in all the oyster-
kelp modes (P<0.05).

In contrast, by the end of the experiment, the CO%
concentration had significantly increased in all the
oyster-kelp modes (P<0.05, one-way ANOVA,
Fig.5¢c). At the end of the experiment, the highest
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CO% concentration was 269.13 pmol/L in the 8:3
mode (P<0.05), and the lowest was 148.35 pmol/L in
16:1 mode. CO% concentration was lower in the
morning than those in the afternoon on the same day
(P<0.05). More kelp ratio induced arising CO%
concentration in the modes with the same amount of
oyster.

The fluctuations of CO, concentration and pCO,
were very similar. Both of them fluctuated significantly
during day and night, but means were lower in the
afternoon than those in the morning on the same day
(P<0.05, one-way ANOVA, Figs.5d & 6). The higher
CO, concentration and pCO, were in the modes with
higher oyster ratio. Both of them decreased
significantly at the end of the experiment in all oyster-
kelp modes (P<0.05). pCO, dropped as low as
134.31 patm in the 8:3 mode.

4 DISCUSSION

IMTA initiated a new direction for sustainable
aquaculture (Troell et al., 2009) in which different
trophic species could benefit to each other. Fed
aquaculture species (e.g. finfish) produce high quality
protein, bringing excessive nutrients into the aquatic
ecosystem through feeding. Wu (1995) reviewed the
impact of marine fish farming on the marine
environment and determined that 85% P, 80%—88%
C, and 52%-95% N could be lost in the environment,
due to uneaten feed, fish excretion, and respiration,
and feces production. The suspended particles can be
consumed by filter feeders (e.g., shellfish), which are
called organic extractive species in the IMTA system.

Table 4 Two-way ANOVA results of CO,, CO%, HCOj3, and
DIC in the seawater of oyster-kelp modes at
different sampling time

Source Sum of squares  df slc\l/llxza;:s F P

Mode 502.796 8 62.850 58.811 0.001

Time 3954.275 4 988.569  925.041 0.001
CO, Modextime 397.868 32 12.433 11.634  0.001

Error 96.181 90 1.069

Total 47117.220 135

Mode 35 868.683 8 4483585 50.145 <0.001

Time 170 040.951 4 42510.238 475.436 <0.001
CO%¥ Modextime 32 542.851 32 1016.964 11.374 <0.001

Error 8047.184 90 89.413

Total 3406 163.891 135

Mode 207 678.481 8 25959.810 18.302 <0.001

Time 1687313.395 4 421 828.349 297.391 <0.001

HCO; Modextime 177 192.324 32 5537.260 3.904 <0.001

Error 127 658.546 90 1418.428

Total 588 121 426.187 135

Mode 115 850.616 8 14481.327 10.083 <0.001
Time 908 902.401 4 227225.600 158.206 <0.001

DIC Modextime 144212339 32 4506.636 3.138 <0.001

Error 129263.623 90 1436.262

Total 687 141 602.713 135

Jiang et al., 2013, determined that 34.86% of fish
feces and fish feed from the sea bass (Lateolabrax

Jjaponicus) cage were consumed by Pacific oysters
(C. gigas). Furthermore, 23% C, 21% N and 53% P of
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feed input accumulated in the sediment underneath
the fish farm (Wu, 1995), most of which was consumed
by the deposit-feeders, such as sea cucumbers and
polychaete. Sea cucumber can consume 441-
3500 g/(ind.-a) of sea mud (Inui et al., 1991). C and
N contents in the sediment beneath a combined
Japanese flounder (Paralichthys olivaceus) and
polychaete (Perinereis albuhitensis) system were
reduced by 30.68% and 51.89%, respectively,
compared with control treatment after 40 days (Fang
et al., 2014). However, dissolved inorganic nutrients

from aquaculture animals (e.g. fed aquaculture
species and organic extractive species) could be
absorbed by inorganic extractive aquaculture species
(e.g. seaweeds), which is the necessary and vital part
of the IMTA system with respect to keeping the
environment healthy. In this study, there is no fed
aquaculture species. The shellfish-seaweed IMTA
mode is removing bio-elements from the ocean
ecosystem without any element input. The dissolved
inorganic carbon (DIC), HCO3, CO, concentrations
and pCO, were reduced by the end of the experiment
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in all treatments. It is definitely a carbon sink IMTA
system and should be considered one of the most eco-
friendly IMTA modes. Eutrophication in coastal area
is a serious problem all around the world. Fortunately,
waste nutrients in the aquatic environment can be
absorbed by seaweeds to recover water quality, a
process that has been well studied in many previous
works (Ahn et al., 1998; Phillips and Hurd, 2003;
Pedersen et al., 2004; Lartigue and Sherman, 2005;
Mao et al., 2009). Mao et al. (2006) reported that NH}
and PO? produced by scallop could be absorbed by
Gracilaria lemaneiformis. The maximum reduction
efficiency of NHj and PO% were 83.17% and 70.14%,
respectively. Therefore, it is well known that seaweeds
in the IMTA system can remove dissolved nutrients
produced from cultured animals and weaken
eutrophication in coastal areas. The more seaweed
included in the system, the more dissolved nutrients
can be absorbed. The same trend was found from our
study, even if the oysters were to be fed, the excretion
nutrients of the oyster would be absorbed by the kelp
in the experimental system. Thus, additional work is
needed to explore the detailed fluctuations of different
nutrients in the shellfish-seaweed IMTA system.
Furthermore, IMTA system may affects the
seawater’s carbonate system, which plays an
important role in the coastal carbon cycle (Tang et al.,
2011). It has been reported that the shellfish culture,
without macroalgae, could be an appreciable net
carbon source (Han et al., 2013). At the end of a
36 h-experiment, pH, and DO significantly reduced
and CO, concentration significantly increased in
shellfish in treatment with no seaweed. However,
shellfish integrated with seaweed could generate a
carbon sink system, which would aid in offsetting the
negative environmental effects facilitated by shellfish
culture (Han et al., 2013). Yet, finding the optimal
proportions of different trophic species for particular
IMTA systems is difficult. Jiang et al. (2010) published
good suggestions for optimal co-cultivation
proportion of caged fish and Laminaria or Gracilaria
based on the nitrogen balance in Nansha Bay, China.
However, the IMTA system is a complex ecological
system containing many environmental parameters.
The optimal proportion of different trophic species in
the IMTA system depends on numerous variables that
show fluctuations during the culturing period in every
mode in this study. Based on our results with respect
to the variation of DO, carbonate system and pCO,,
the optimal proportion of oyster and kelp was below
24:1. pH continued to increase over the time,
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indicating thatthe appropriate oyster-kelp combination
could reduce CO, concentration and create a carbon
sink to resist ocean acidification. However, as the chl-
a concentration changes, keeping an oyster:kelp ratio
of 24:1-24:3 would induce a phytoplankton bloom in
the system.

Chl-a content represents phytoplankton biomass,
and phytoplankton is the main food for suspension
feeders like shellfish (Sara and Mazzola, 2004; Rueda
et al., 2005; Liu et al., 2011). In our study, chl-a
concentration significantly increased in the 24:1,
24:2, and 24:3 modes. It also increased in other modes
by the end of the experiment, excepting for the 8:1
mode. Furthermore, the chl-a concentration increased
with increasing oyster biomass. The conflicts with the
concept that oysters feed on the phytoplankton and
occurs because the growth condition for the smaller
phytoplankton improved when the oysters (C. gigas)
feed on larger phytoplankton (>5 um) as opposed to
smaller ones (<5 um). Dupuy et al. (2000) found that
the percentage of picoeukaryotes retained by filtering
oysters (C. gigas) was less than 2%, which means that
oyster filtered the larger phytoplankton leaving the
smaller cells in the column. Correspondingly,
nutrients produced from the oysters could increase
the phytoplankton growth. Lu et al. (2015) found that
the biomass of Synechococcus (<2 um) increased
significantly after 36 h of culturing with scallop
(Chlamys farreri) in transparent polyethylene bags.
P-enrichment released by scallops significantly
stimulated the picoplankton growth (<2 pum) by
providing a food source for nanoflagellates as the
<5 um treatment also excludes the predators of
2-5 um nanoflagellates. Thus, it is indicated that the
increase in chl-a content was due to pico-
phytoplankton growth in the system. Therefore, in our
study, nutrients released by oysters were enough for
kelp absorption in different modes except for the 8:1
mode. In order to simultaneously avoid eutrophication
and food shortage for shellfish, the chl-a concentration
should be kept at a stable level. Thus, the optimal
proportion of oyster and kelp for IMTA is 8:2-8:3 at
the beginning of winter in Sanggou Bay.

5 CONCLUSION

In conclusion, the IMTA system is an important
framework for aquaculture sustainability, as it
mitigates the negative effects from fed aquaculture
species and organic extractive species. Seaweeds, as
an inorganic extractive species, play an important role
in the IMTA system. More seaweeds in the IMTA
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system result in more nutrients and carbon source
being removed from water column. The proportion of
different trophic species in the IMTA system is
difficult to determine due to the fluctuations of
different environmental parameters. According to the
previous references and results of this study, the
optimal proportion of oyster and kelp is 8:2—8:3 at the
beginning of winter in Sanggou Bay, which will aid
government in optimally adjusting the Sanggou Bay
aquaculture structure.

6 DATA AVAILABILITY STATEMENT

The datasets during and/or analyzed during the
current study available from the corresponding author
on reasonable request.
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